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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




LENESAS

-
»
)
ﬁ\
»
<
)
>
-
=

R8C/32C Group

Hardware Manual

RENESAS MCU
R8C FAMILY / R8C/3x SERIES

—
@)
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Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(2) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LS|, an associated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. Unused
pins should be handled as described under Handling of Unused Pins in the manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.

In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LS| is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock

signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization of
the clock signal. Moreover, when switching to a clock signal produced with an external
resonator (or by an external oscillator) while program execution is in progress, wait until
the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.




How to Use This Manual

1. Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It is intended for users designing application systems incorporating the MCU. A basic
knowledge of electric circuits, logical circuits, and MCUs s necessary in order to use this manual.

The manual comprises an overview of the product; descriptions of the CPU, system control functions, peripheral
functions, and electrical characteristics; and usage notes.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur
within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions. Refer
to the text of the manual for details.

The following documents apply to the R8C/32C Group. Make sure to refer to the latest versions of these documents.
The newest versions of the documents listed may be obtained from the Renesas Technology Web site.

Document Type Description Document Title | Document No.
Shortsheet Hardware overview and electrical characteristics | RBC/32C Group REJO3B0285
Shortsheet
Hardware manual | Hardware specifications (pin assignments, R8C/32C Group This hardware
memory maps, peripheral function Hardware Manual |manual

specifications, electrical characteristics, timing
charts) and operation description

Note: Refer to the application notes for details on
using peripheral functions.

Software manual | Description of CPU instruction set R8C/Tiny Series REJ09B0001
Software Manual
Application note |Information on using peripheral functions and Available from Renesas
application examples Technology Web site.
Sample programs

Information on writing programs in assembly
language and C

Renesas Product specifications, updates on documents,
technical update |etc.




2.

The notation conventions for register names, bit names, numbers, and symbols used in this manual are described
below.

Notation of Numbers and Symbols

@

2

Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word “register,”
“bit,” or “pin” to distinguish the three categories.
Examples the PMO3 bit in the PMO register
P3 5 pin, VCC pin

Notation of Numbers
The indication “b” is appended to numeric values given in binary format. However, nothing is appended to the
values of single bits. The indication “h” is appended to numeric values given in hexadecimal format. Nothing is
appended to numeric values given in decimal format.
Examples Binary: 11b

Hexadecimal: EFAOh

Decimal: 1234




3. Register Notation

The symbols and terms used in register diagrams are described bel ow.

X.X.X XXX Register (Symbol)

Address XXXXh

Bit b7 b6 b5 b4 b3 b2 bl o]0]
Symbol | XXX7 XXX6 XXX5 XXX4 — — XXX1 XXX0 *1
After Reset 0 0 0 0 0 0 0 0 /
Bit Symbol Bit Name Function
b0 XXX0 |XXX bit béboo. R/W
bl XXX1 F XXX R/W
0 1: XXX N
1 0: Do not set.
11: XXX
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b3 — Reserved bit Set to 0. R/W
b4 XXX4 | XXX bit Function varies according to the operating mode. R/W
b5 XXX5 w
b6 XXX6 R/W
b7 XXX7 | XXX bit 0: XXX R
1: XXX
\*2 \*3
*1
R/W: Read and write.
R: Read only.
W: Write only.
—: Nothing is assigned.
*2
* Reserved hit
Reserved bit. Set to specified value.
*3

* Nothing is assigned.

Nothing is assigned to the bit. Asthe bit may be used for future functions, if necessary, set to 0.

» Do not set to avalue.
Operation is not guaranteed when avalueis set.
« Function varies according to the operating mode.

The function of the bit varies with the peripheral function mode. Refer to the register diagram for information

on the individual modes.




4. List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBuUS Inter EqQuipment Bus
I/0 Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connection
PLL Phase Locked Loop
PWM Pulse Width Modulation
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator

All trademarks and registered trademarks are the property of their respective owners.



Table of Contents

Yo o= o Lo = 1= =Y o - S B-1
1. OVEBIVIBW .eiiiee ettt oo oottt ettt a2 e e o444 oM s et e bttt e e e e e e e e e e e o ek a bbb bbe e e eeeeaaeeeesasaanbeeeeaaaeeeesaannnnnes 1
11 LS (= TP 1
111 F N o] o 1= o] o ST 1
1.1.2 S0 T= ol o= [ 1RSSR 2

12 [ 0o [§ ot I OO SOPU RV PTPRTURUPTOPPROPIN 4
13 (2] LeTes QB T=o =0 RSP O U 5
14 LI NSS T 0] 101 o | SRS 6
15 PN FUNCLIONS ...ttt ettt h it bt b e bt bt s b e ke b s e e s e s e eb e e bt sbeeb e s b see e e e e e e ene 8
2. Central Processing UNit (CPU) .......eiiiiiiiiiiie ettt ettt e et 10
21 Data Registers (RO, R1, R2, 8N R3) ......coiiiiiiirieiiiiisei ettt st 11
22 Address REQIStErS (AD @NU AL) ..ottt ettt bbbt b e e 11
23 Frame Base REJISLEr (FB) ....oiiiiieiereccee ettt sttt st enennesnesnenee e s 11
24 Interrupt Table REGISIEr (INTB) ...ttt e b b e e eas 11
25 Program COUNLES (PC) ......ceiueiriiiriierieerteest sttt sttt b ettt b et b et et 11
2.6 User Stack Pointer (USP) and Interrupt Stack POINtEr (ISP) ....c.ecveeeerere e 11
2.7 StatiC BASE REGISIEN (SB) ...ceeeiieeiirieiti sttt sttt ettt e e bbbt b b see e e neeaesaeeae e e s 11
28 FIag REGISIEr (FLG) vttt bbbttt b et bbb 11
28.1 (@ - I (4 TSSOSO 11
2.8.2 (D= o U (ol o () TS 11
2.8.3 A= (o} o =" N (74 LSOO 11
284 S Lo ol o I () S 11
285 Register Bank SEIECt FIag (B) .....cooreiiriirieieieieeeee ettt st sbe e s see e e 11
2.8.6 OVEITIOW FIBG (O) vttt sttt b et b et b et b et eb e sn e b s snene s 11
2.8.7 INterrupt ENDIE FIAQ (1) vveoveeeeie ettt et sttt e st esn e s neennesnneneennean 12
2.8.8 Stack POIiNter SEIECE FIAQ () ..ottt et s bbb sbe e e 12
289 Processor Interrupt Priority LEVE] (IPL) ..ottt e 12

P2 S I (O B === Y=o 2 OSSPSR 12

3. Y =70 0 o] Y AP T TP UPPPPPPPI 13
31 (@71 L O €1 o1 o I TSRS 13
4. Special FUNCLion REQISLErS (SFRS) ...cciiiiiiiiieiiiiii et 14
5. R BB .. ittt e e — e e e e e e e e e e eeteee et et et e e rnnnn b e e e rerrrnnnnn s 26
51 L [ 28
511 Processor Mode RegiSter O (PMO) ......oceeie ettt sttt ae st ae st et enaeneens 28
512 Reset Source Determination Register (RSTFR) ..o 28
51.3 Option Function Select REGISIEr (OFS) ...ovcvcieireiisiieeseeeee st see e e 29
514 Option Function Select REGISLEr 2 (OFS2) ....ocviiieieeieeieeseesiestee e s e e e e e sre e e e sae e enae e nesreens 30

5.2 L FE 0 T (=T TS 31
521 When POWer SUPPIY 1S SEADIE .....cuveeeeeeeeee et st er e sne s 31
522 1= @ o OSSP 31

53 oY @ g (== 1o o o 33
54 VOoltage MONITOr O RESEL ....ocviiiieisiceeee e se e ae st e e se et e e e eneeseeneseeseensenseneennnnens 34
55 QAT (0T (o I T 0= g (== S 35
5.6 S0 LAY TSl (= 35



5.7 Cold Start-Up/Warm Start-Up Determination FUNCLION ........cccooveiverinenereseseiesesee e s se e 36
5.8 Reset Source Determination FUNCLION ..........coiiiiiiiieicecncne e s e s s 36
6. VOoltage DELECHON CIICUIL .....iiiiiiiiiiie ittt ettt e sttt e e e st b e e e e s sbbe e e e e s sabbreeeesabeeeeesane 37
6.1 L@ VT TR 37
6.2 0 [ 41
6.2.1 Voltage Monitor Circuit Control RegIStEr (CMPA) ..ot 41
6.2.2 Voltage Monitor Circuit Edge Select RegiSter (VCAC) ...ttt 42
6.2.3 Voltage DeteCt REGISIEr 1 (VCAL) .oooececeeeie e e e e et et e sttt st st en e e e e s esse e ssessesneseensn 42
6.2.4 Voltage DeteCt REQISIEr 2 (W CA2) ..ottt sttt sttt e it s aeenaesaeeaesnean 43
6.2.5 Voltage Detection 1 Level Select Register (WVDILS) ..o 44
6.2.6 Voltage Monitor 0 Circuit Control Register (VWOC) ......ccoeoveieerevese e seeseeeeeesesesese s s seenees 45
6.2.7 Voltage Monitor 1 Circuit Control RegiSter (VWIC) ....cocoviieie et 46
6.2.8 Voltage Monitor 2 Circuit Control RegiSter (VW2C) ...t 47
6.2.9 Option Function Select REGISIEr (OFS) ...ocvcoveieeie sttt et see e e 48
6.3 R OO 1o TU Yo | o = S 49
6.3.1 Ko Tl (o] 1T gTe ANV Ao L= (0 OSSR 49
6.3.2 YKo a1l o) T g YA =t R 49
6.3.3 Ko Th (o T aTo A A [ 2SS 49
6.4 VOltage MONITOr O RESEL ....ouiiiieieee ettt bt e b et et e b e e ae b se et e b e e e neeneas 50
6.5 AZ0 L= o =31, o g o) g N g 114 o) 51
6.6 Voltage MONITOr 2 INTEITUDL ..ottt eae e e e e re e testeeneenreeneenneens 53
7. 1@ T o ¢ £ RSP 55
7.1 FUNCLIONS OF 1/0 POITS ...ttt ettt be s b b e b et e bt sbe s b et e e s 55
7.2 Effect on Peripheral FUNCLIONS ..ot et 56
7.3 PIiNS Other than 170 POITS ..ottt ettt b e bbb se e 56
74 LS 0 T = TSR 65
74.1 Port Pi Direction Register (PDi) (i = 1, 3, 4) oottt et 65
7.4.2 POrt Pi REGISIEr (Pi) (1 =1, 3,4) wooiiiee ettt sttt sttt st sttt 66
7.4.3 Timer RA Pin Select Register (TRASR) ..ot e 67
744 Timer RC Pin Select Register (TRBRCSR) ..ottt 67
745 Timer RC Pin Select Register O (TRCPSRO) .....cccooviriiiiiriiieiisesiesesiesisiesese s e sessssesesseseenes 68
7.4.6 Timer RC Pin Select RegiSter 1 (TRCPSRL) .....cccvviiivieiiiriiieiisieieseeteses e s saesessesessssesensas 68
747 UARTO Pin Select Register (UOSR) .......coiiieirieirieerieieriee ettt et 69
7.4.8 UART2 Pin Select Register O (U2SR0O) ...c.ccveiiieiiieieieesie ettt st s s 70
7.4.9 UART2 Pin Select REQISLEr 1 (U2SRL) ...ccvcveeiieiiieesieestene ettt st st st 70
7410  SSU/IC Pin Select REGISEr (SSUIICSR) ...uouurveeeeeeeeieeeeeseeeieseeesseesssssesssssssessessssssssssssss s sessssens 71
7.4.11 INT Interrupt Input Pin Select RegiSter (INTSR) .ooviiieie et sreens 71
7.4.12  1/O Function Pin Select Register (PINSR) ..ot 72
7.413  Pull-Up Control RegISter O (PURD) ......coiueuirieririeeirieieseee ettt ese s 73
7.4.14  Pull-Up Control REGISLEr 1 (PURL) .....coiiiieieceestieiee ettt s e e s e te s et enaesne e e snesseennenrenns 73
7.4.15 Port P1 Drive Capacity Control Register (PLDRR) .......ccoiiiiiiiiniie e 74
7416 Drive Capacity Control Register 0 (DRRO) ......coveeirieirieiirieirieerieereesi e 75
7.4.17  Drive Capacity Control Register 1 (DRRL) ....ccooveviiieeie et etee et eeesreens 75
7.4.18 Input Threshold Control RegIStEr O (VLTO) ..ottt e 76
7.4.19  Input Threshold Control REGISIEr 1 (VLTL) .oooiieirieirieiirieiereeeriee e 76
7.5 0 S 1 0 RSP 77
7.6 UNassigned Pin HanAliNG .....coooioei ettt s he e s b b ene bbb e e 85



8 21 L PRSP STRPTP 86
9. ClOCK GENETALION CIFCUIL ......etieiiieeieeee ettt e e e e e e ettt e e e e e e e e e s s e anbbe s e e e e e aaaaeeeesaaannnbeneeeeas 88
9.1 OVEBIVIBIV ettt b bt et e et bt eb e e bt eh e eh e b e se e 8 e m b e £ e e e s s e R e e ae e R £ eb e e Reshe e b en e et e st ebeebesaeseesre b es 88
9.2 LS 0 T = TSR 91
9.21 System Clock Control REQISLEr O (CMO) ...ccuecveeierieieiriiieiereeeereee sttt sae e se e e ssesnesee e ses 91
9.2.2 System Clock Control REGISLEr 1 (CIM L) ....ocueeiiiieeeceeiee et stee e ste et ae e e s aesreens 92
9.2.3 System Clock Control REQISIEr 3 (CM3) ..ottt e st e 93
9.24 Oscillation Stop Detection REGISLEr (OCD) ......ccvvievierierieieieeeeeseseseses e seeseeesese e steseeseessesassesseses 95
9.25 High-Speed On-Chip Oscillator Control Register 7 (FRAT7) .oeeecuveeeee et s 95
9.2.6 High-Speed On-Chip Oscillator Control Register O (FRAD) .....coviviieiiriierie e e 96
9.2.7 High-Speed On-Chip Oscillator Control Register 1 (FRAL) ...cocvvvvevireseriereeeeeeee e 96
9.2.8 High-Speed On-Chip Oscillator Control Register 2 (FRAZ2) ....ocvveeevicee e 97
9.29 Clock Prescaler RESet FIag (CPSRF) .....cviiiieiiieisiesisesisie sttt sastesassesaesesaesessesessssessensssessssenens 97
9.210 High-Speed On-Chip Oscillator Control Register 4 (FRAZ) ...c.vcveeeeeeee e 98
9.2.11 High-Speed On-Chip Oscillator Control Register 5 (FRAD) ....cvvveeciieee e 98
9.212  High-Speed On-Chip Oscillator Control Register 6 (FRAB) .......ccooreerererirerere e 98
9.213 High-Speed On-Chip Oscillator Control Register 3 (FRAS) ....ocvcveeeeeeecese et reee e sese e 98
9.2.14 Voltage DeteCt REGISIEr 2 (W CA2) .ottt ettt sttt sttt 99
9.3 KIN CIOCK oiuvetiiietisieit sttt sttt sttt sttt be et e et et et e se et e seebe e be st et e se et e neeseseebeseebeneebenensesensnnaans 101
9.4 (@ g @ a1 o @S w111 = (o) g o R 102
94.1 Low-Speed On-Chip OSCHITAON CIOCK .......eceeiiiiiesieccies et 102
94.2 High-Speed On-Chip OSCHTEEON CIOCK .......coiiiiiiriiireee e 102
9.5 XCIN CLOCK .ttt b e st b e s bt stk st ne e b st e b et et e et ene e eene st 103
9.6 CPU Clock and Peripheral FUNCLION ClOCK .......ccviuieiiiiieree et s 104
9.6.1 SYSEEM CIOCK ..ttt b ettt b e st b et b e ekt b et et b e 104
9.6.2 (O U O o OO 104
9.6.3 Peripheral Function Clock (f1, f2, f4, £8, and f32) ......ccveeeie e 104
9.6.4 L L SRS 104
9.6.5 L 010 0 TSSO 104
9.6.6 L L0 SO ST 104
9.6.7 L L0 S TSRS 105
9.6.8 L 010 i 22 OSSR 105
9.6.9 LG (07 =g o I 27 OSSO 105
0.6.10  TOCO-WDT ...octiieieiieiesteestet ettt ettt st st b et et e s s ese s s ese s s es e b e s e et ens e b e seese s esessese s esessenesaeseseenesenessnnes 105
9.7 0T @] 11 o) RSP PRS 106
9.7.1 Standard OPErating MOOE .......cccooi et ste et e e ae st e et esre e e e sneennesreeneas 106
9.7.2 ALY T 1Y, o T L= RPN 108
9.7.3 S (0] 11 o 1= R 112
9.8 Oscillation Stop DeteCtion FUNCLION ........cccviieiiiiierccee sttt esre e s ae e r e eenneenes 115
981 How to Use Oscillation Stop Detection FUNCLION ..o 116
9.9 Notes 0N ClOCK GENEration CITCUIT .........civeiriiirie st b e neens 119
9.9.1 1S 0] o 1 1Y/ o L= S 119
9.9.2 ALY T 1Y, o o L= PR 119
9.9.3 Oscillation Stop DEteCtion FUNCLION ........c.coviiiiiinirese et s sre e 120
9.94 OsCillation CirCUIt CONSLANES .....c.cceeuiriiriiiistese st s se et se st sae b st se e aeere e 120
O TR o] (=3 1T ISP 121
10.1 L 0 1 1= TSRS 121



10.1.1  ProteCt REGISLEN (PRCR) ...ocieeeiceeieeste st seeste st s esess e essesse e ssestessessestes e seenaenseneeeesessessessessenses 121

T [ 01T ¢ £V o] ST P PUUUPPPPPPPTPPPPPPIN 122
111 L@ Y T PSS 122
O Y/ o= 1 1= £V o] (=PSRRI 122
S0 111V (N 1 ) = U o] (= 123
T TG T o 1= o = I | = 1 U ) 124
11.1.4  Peripheral FUNCHION INTEITUPLS .....o.oiiiiiiiiie ettt sttt see e 124
11.1.5  InterruptS and INEEITUPL VECLOLS .....coveeeeeciiieceesie e seesees e sttt st sae e e e e e enennesneseenes 125
11.2 L S0 1 126

11.2.1  Interrupt Control Register
(TREIC, S2TIC, S2RIC, KUPIC, ADIC, SOTIC, SORIC, TRAIC, TRBIC, U2BCNIC, VCMPL1IC,

RV 1Y 2 TSRS 127
11.2.2  Interrupt Control Register (FMRDY IC, TRCIC, SSUIC/ICIC) ..cceovvvrereiecerereseeseeeeeseee e 128
11.2.3 INTI Interrupt Control Register (INTIIC) (1 =0, 1, 3) iooevieieereeeece e 129
11.3 INEEITUPE COMEION ...ttt bbb e e e e e s e et e a e eb e e be e et ebeebeseeseemeaseeseeseebenbenaesaens 130
0 2 R N o PSP 130
0 3 | = T ST RSTR 130
11.3.3  BitSILVL2T0ILVLO, IPL oeiiiicicieiceiseeeteee ettt sttt st st sttt st s sn s 130
T I 1 0| = 0[RS [T o ot 131
11.35  INterrupt RESPONSE TIIME ...oocueeiiceeieeeste ettt st sae st e st et esae e aesreeaesaeeeesreentesseeneenseeneennennnas 132
11.3.6 IPL Change when Interrupt Request iS ACKNOWIEAGED .......ccooeriieririniineeeee e 132
T A S Y g To (= 1= £ 133
11.3.8  Returning from INtErrUPt ROULINE ........cceieiieiiiiesie ettt e e e nne e 135
11.3.9  INEETUDPE PIIOMTY oeieiiieieieeieseete ettt s e bbbt sttt e n e 135
11.3.10 Interrupt Priority Level SEleCtion CirCUIt .......ccccvvieierrieeeecereee e se e e 136
D14 INT INEEITUDE oo ee e eeee s se s s eseeee e s se e eeeseseeseeeeseeseeeseseeeeseenseeeeeseeeseenseseeesnens 137
1140 INTI INEETUPE (i = 0, 1, 3) woorveeeeeeeeeeseseeeseeeeessesessessseesssssesesesssses s sssesssssessssns s ssesesssssssnsssnenees 137
11.4.2 INT Interrupt Input Pin Select ReGIStEr (INTSR) ....vovveieeeeceeeseceses e et 137
11.4.3 External Input Enable Register O (INTEN) ...ccviieiiiieiceee ettt s 138
11.4.4  INT Input Filter Select RegiSter O (INTF) oo e 138
1145 INTI INPUE FIEN (i =0, Ly B) overeeeeeeeeeeeeeeeeeseeeeeeeess e seeeseseeseeeeeseeseseseseses s sesesessessssessesessesseesesesenees 139
11.5 KEY TNPUL TNTEITUDL ...veiieiecieets ettt st e et sb e e st e e s be e s steeabe e s beesaneenree e 140
1151 Key Input Enable Register O (KIEN) ..o 141
11.6 WX (o[5S R 1Y = (o T ) = (] o 142
11.6.1  Address Match Interrupt Enable Register i (AIERI) (i Z00r 1) coovvieevecece e 143
11.6.2 AddressMatch Interrupt Register i (RMADI) (I T 008 1) couvveeiirerieeeeereeeee e 143
11.7 Timer RC Interrupt, Synchronous Serial Communication Unit Interrupt, 12C bus Interface I nterrupt, and
Flash Memory Interrupt (Interrupts with Multiple Interrupt Request SOUrces) ........ccoovvverererereenereenes 144
11.8 NOLES ON INEEITUPDLS ...t st s e e e b e e e e s e e eneeneeneesneennesrennnas 146
11.8.1 Reading Address 00000N .......cccoueierieiieiesere e siesieseeseeseeeeeseesesessesseseessessesseseessensenessessessessessessesses 146
B S 1 1] o [OOSR 146
11.8.3  External Interrupt and Key INPUL TNEEITUPL ......cc.oiiieiieiieieeeeeieeerest e 146
11.84  Changing INEITUPL SOUMCES ......cveuieirieieeieiteseisiesieseeseesaeeeeeseeseesessestestessessesseseessensenseneesessessessessesses 147
11.85 Rewriting Interrupt CONtrol REJISIEN ......coviiiirire e e 148
D | D o o (I Y (=T PSPPSR 149
12.1 L@ YT T PSP 149
12.2 [0 1] S 150



12.3 FOrCEA EFaSE FUNCLION ..ottt ettt ettt ettt st b et b et enen 151
124 Standard Serial 1/0 Mode Disabled FUNCLION ..ot 151
125 NOLES ON ID COUE ATEBS ..ottt see sttt et s testeseesteste e e e eseeseesesaesbesteseensanseneeneesensessessens 152
1251  Setting EXample Of 1D COUE ATEAS .......ccuevveeeeeeeeeistesestes e e seesaeaesesessessesseseeste e seeseeneeseesssssssesses 152
13, Option FUNCHON SEIECE ANB@ ....ccoiiiiieeee ettt e e e e e e e e e e be e ee s 153
13.1 L@ Y T PP 153
13.2 REGISLE'S ...ttt ettt sttt e et he e bt s aeeaeeb e s besEeee e e e aeeReeReeh e e Rt eReeb e b e A et eneene et eneenenaenrens 154
13.21  Option Function Select REQISLEr (OFS) .....ccvciriiecesese et e e seenes 154
13.2.2  Option Function Select REGIStEr 2 (OFS2) ......ocueiieeieieeeeseeiee s ssae e ste s ste e ste et sneesae e e sneennas 155
133 Notes 0n Option FUNCLION SEIECE ATEA ......ccoiiieeeieieie ettt et e sae 156
13.3.1  Setting Example of Option FUNCLION SEIECt ATEA ......c.cveeeeeeieeee e 156
A VLY £ (od T oo N I o = ST PP U PP TRPPUPP 157
14.1 OVEIVIBIW ...ttt b et s e bt E et bR E et b et ket b et ket et e et et e bt bt 157
14.2 REGISLE'S ...ttt ettt sttt sttt et he e bt aeeaeeb e s b se e e e e e aeeReeReeh e e Rt eReebe b e s et eneene et eneenenaearens 159
1421  Processor Mode REGISIEr 1 (PIML) ..ottt 159
14.2.2  Watchdog Timer Reset RegIStEr (WDTR) ....ocuiveiereeeeeieeeeeee st et sees e e e sses e e sressesseseeens 159
14.2.3  Watchdog Timer Start ReQISter (WDTS) ..ouiiiiiie ettt s 159
1424  Watchdog Timer Control REGISIEr (WDTC) ..ottt 160
14.25 Count Source Protection Mode RegiSter (CSPR) .....cccccveeieieeiee e siee e seeseeie e ste s s see e sne s 160
1426  Option Function Select REQISIEr (OFS) .....coiiiiiiiiiiee e e e 161
14.2.7 Option Function Select REGISIEr 2 (OFS2) ......cccoeirieiriiirienesie sttt 162
14.3 FUNCLION@l DESCITPLION ...veeuviceeeiie e ettt sttt st s e teer et eenaenseereesseeneesaestensaetennsenreenes 163
1431  Common ItemSTor MUItIPIE MOES .......ooiiiiiiiie e e 163
14.3.2  Count Source Protection Mode Disabled ..o iiieieieeieeeses e 164
14.3.3  Count Source Protection Mode ENabIEd ..........cooiiiiiiieiieeeesere e s 165
T I N IO 166
15.1 L@ Y T PSS 166
15.2 REGISIENS .ttt bbb bbb £ bR h R R R bR R Rt e bR bt e n e nene e enen 167
1521 DTC Control Register j (DTCCR]) (] =010 23) .oovvivivereereeeeeeriresesreseseeses e seesaeseeesesseesesse e ssenees 168
1522 DTCBlock Size Register j (DTBLS]) (j Z 010 23) .voovveieeienieierire sttt 168
1523 DTC Transfer Count Register j (DTCCT]) (j =010 23) .uvoveiireerieririeneeiesesie e 169
1524 DTC Transfer Count Reload Register j (DTRLD]) (j =010 23) ..vvvvvvvvveveeerereeeeeeeeesesee e 169
15.25 DTC Source Address Register j (DTSAR]) ( S 010 23) ..vvveeviceeie et 169
15.2.6 DTC Dedtination Address Register j (DTDAR]) (j = 010 23) ..oeveveriireriereeerieereeeeee e 169
15.2.7 DTC Activation Enable Register i (DTCENI) (i = 0103, 5, 6) .ecoevereverernresereseseereeeeeseeeseenes 170
15.2.8 DTC Activation Control RegIStEr (DTCTL) .ovuveieieeieeee e esee e esee e sae e sie et ete e e eneesne s 171
153 FUNCETON DESCIIPLION ...uetieietieeteseet ettt sttt et eb ekt e bbb bbbt bbbt s s bbb bbb s ne s enes 172
1531 OVEIVIEBIW oottt stk ekt b e s b e b e e b e s e e b e st ek s e e b st e b et e b e e b e neene b ne e 172
15.3.2  ACHVETON SOUICES ...ttt sttt sttt b s bt st a bt e e e s e et e bt e be s bese e e b e b se et e neeseeneeneereneas 172
15.3.3 Control Data Allocation and DTC VeCtor Table ......cceveieieirireresese e 174
15.3.4  NOIMME IMOOE ...ttt ettt st st bbb s e e st b et et ne et se e s b st 179
1535  REPEAL MOUE ..ottt sttt etk st ettt bt b et et e 180
1536 ChaiN TIANSFEIS ....ooueiieecece ettt sttt s e be s beseesbesbe st e e e neeseeneeneeeenes 181
15.3.7  INLEITUDPE SOUICES .....eeieeveeieeteeiesteeiesseeseesseessesseessesseestesseesseeseesseeseesssaesseeeseessesssessensennsessesssesneessesnees 181
15.3.8  Operation TIMINGS ...cccciceeiieieesieeeeseeeesteereessessaesaessaesteessesseeeesseessesseesesseessesseessessesssessessessseassssesnees 182
15.3.9  Number of DTC EXECULION CYCIES .....couiuiiiiiiieiesieirieestee sttt sttt sttt s 183



15.3.10 DTC Activation Source Acknowledgement and Interrupt Source Flags .......ccccevvvivvvvvrereeveccenennn, 184

154 NOLEES ON DTC ..ttt b et he et he e eesae e ee e ehe e sbesae e s Eeehe et e eae e b e ebeansesaeeneesneesaenanas 186
1541  DTC BCHVATION SOUMCE ...cueeueeuieeeriesiestesteseesteeeseeeeseesessessessessesseseessensessensesessessessessessessessnsessessessessenses 186
1542 DTCENI (i =0103,5,6) REJISIENS ...cueciiiiiseise e seeses ettt st e e ene e srenes 186
15.4.3  Peripheral IMOUUIES .......oouiniiieee et b bbb et e e et be e ene e e 186
15.4.4  INEITUPRE REOUESL .....coeiiieieee e e e e e s se s s 186

16.  General OVErVIEW OF TIMEIS ..oooiiiiiiiiiiiiiee ettt e e e e e e e e e e e e e e s e e s bbb beeeeeeeeas 187
A 14 T= T G SRS 189

171 L@ oV OSSR 189

17.2 REGISIENS .ttt ettt h bt e b bbb R bR bR bRt e Rt R bt e n et nennenes 190
17.21  Timer RA Control REGISLEr (TRACR) ....ocviviiieeiieceirieeieeeseeseee et te e seesae e a e eseesessessessesees 190
17.2.2  Timer RA 1/O Control RegISter (TRATOC) .....ooiiiiiiiieienieeeieee sttt st s sae s 190
17.2.3 Timer RA Mode RegIStEr (TRAMR) ..ottt e 191
17.2.4  Timer RA Prescaler Register (TRAPRE) ..ottt e 191
1725  Timer RA REJISIEN (TRA) ittt sttt ettt st be st et se et e et e neebesensessnsennens 192
17.2.6  Timer RA Pin Select REGIStEr (TRASR) ...ociiiieeieeree ettt 192

17.3 BT 00 1 oo L= OSSOSO 193
17.3.1  Timer RA 1/O Control Register (TRAIOC) in TIMer MOde .......ccoceviiininie e 193
17.3.2  Timer Write Control during Count OPEration ..........ccoeereeereerinienieinee e 194

174 L U1 oY @ 11 0011 oo 195
17.41 Timer RA 1/O Control Register (TRAIOC) in Pulse Output MOdE .........cooeieireeierierienenere e 196

175 EVENL COUNEr IMOTE .....veiiieiieie ettt st be s be st e e s e e e e esesbesbessesbeneeneeneesensennenrens 197
175.1 Timer RA 1/O Control Register (TRAIOC) in Event Counter Mode ..........ccccceevvveevecceene e, 198

17.6 Pulse Width MeasureMent IMOTE ..........ooi ittt s e e saesaesne 199
17.6.1 Timer RA 1/O Control Register (TRAIOC) in Pulse Width Measurement Mode ..........cccoceverveennee. 200
17.6.2  Operating EXAMPIE .....cceoiieiieeceeeeeese et e st e e s ae e e saeeaesaeenaesbeentestesneeneeennenneennas 201

17.7 Pulse Period Measurement IMOTE ..........cocoiiiiiieiineie ettt b et se e e enesbe e sne s 202
17.7.1 Timer RA 1/O Control Register (TRAIOC) in Pulse Period Measurement Mode ..........ccocceeeveennee. 203
17.7.2  Operating EXAIMPIE .....ocecieieee ettt este e e s ae e e saeesaesaeenaesteestestesneeseeeneenneaneas 204

17.8 NOEES ON TIIMEN RA ..ttt ae b b e e e se e e e aeeaeebeeb e e bt sbeebenbese e s anseneeneeneebesaesaens 205

RS T 00T o = PP PRRPPPPPPR 206

18.1 (@ oV SR 206

18.2 L [ £ R 207
18.2.1 Timer RB Control Register (TRBCR) .....cccooiiieieiie e eee sttt ste e st e e eneesne e 207
18.2.2 Timer RB One-Shot Control Register (TRBOCR) ........cooeiriiirirenieenieeseee e 207
18.2.3 Timer RB I/O Control Register (TRBIOC) .....oooviiiivereceeiesieeeeseseses et seeeee e ssenes 208
18.2.4 Timer RB Mode RegiSter (TRBMR) .....oouciiiiiiieisieesie sttt s 208
18.25 Timer RB Prescaler Register (TRBPRE) ........cciiiiiiiniiiieneseesie sttt 209
18.26 Timer RB Secondary RegISter (TRBSC) .....cccvveieieirerieeeeseeseeesesteseessessesseseessessessssessessessessessenses 209
18.2.7 Timer RB Primary Register (TRBPR) .......ccoiiiieseee ettt st 210

18.3 QLI 0= 1, o L= P 211
18.3.1 Timer RB I/O Control Register (TRBIOC) in TiMer MOUE .......coevverererere e see e 211
18.3.2  Timer Write Control during Count OPEralion ..........c.ccecuereeiiereeieeseeieeseesseesesee e ssees e e e sresseesnesneas 212

184 Programmable Waveform Generation MOUE ...........cocircireinieiriienieereee s 214
18.4.1 Timer RB I/O Control Register (TRBIOC) in Programmable Waveform Generation Mode .......... 215
18.4.2  Operaling EXAIMPIE .....ocveeiiiieie ettt s e e e e e s ae e e saeeaaesaeeneesreententesneenseeneenneennas 216



185 Programmable One-shot GENeration MOUE ..........coceuvrireiirireseseereeese et e e sse e snens 217

185.1 Timer RB I/O Control Register (TRBIOC) in Programmable One-Shot Generation Mode ............ 218
1852  OpeErating EXAMPIE ....ccuoiiiiiieie ettt 219
MESTESRC TN @ 0 T= TS oo I e o L= = = oo o 220
18.6 Programmable Wait One-Shot Generation MO ...........ooiiiiiirierinenere e e 221
18.6.1 Timer RB I/O Control Register (TRBIOC) in Programmable Wait One-Shot Generation Mode ... 222
RS A @ o = - g To [ g o] = 223
18.7 NOEES ON TIMEN RB ...ttt st e e e e e e e e be e b e e bt sbe st et e se e s ensene e e eneebesaesnens 224
S 00 T o 07 1Y/ oo [ 224
18.7.2  Programmable Waveform Generation MOUE ..........ccccoevererereienieseseeseeesse e e see e s seeneeneenes 225
18.7.3  Programmable One-shot GENeration MO ..........cooiieieiiiiirne e e 225
18.7.4  Programmable Wait One-shot Generation MOdE ............cceveirrinnennesnee e 225
L T T4 T= ] B PRSP SPPPRRR 226
19.1 L@ YT T PP RT 226
19.2 L S0 1 S 228
19.21 Module Standby Control Register (MSTCR) .....ocuoiiiiieierieeeeeiereeesie et s 229
19.22 Timer RC Mode RegiSter (TRCMR) ....oouiiiieieeeeetere st ete et st see e e neenessenes 229
19.2.3 Timer RC Control Register 1 (TRCCRL) ...ccovieeiieeeeeeee ettt st se et e e s e 230
19.24  Timer RC Interrupt Enable Register (TRCIER) .......ccooiiiiiiieeeeerces e e 230
19.25 Timer RC Status REQISLEr (TRCSR) ....occvviiiiieiriesieveeseeieeeeesessessessessessessessesseseessessessessssessessesssssesses 231
19.2.6  Timer RC /O Control Register O (TRCIORO) .......cccuveirieirieienieesieesiee st sttt seens 232
19.2.7 Timer RC /O Control Register 1 (TRCIORL) .....ccccctveiriiirieiesiee et 232
19.28  Timer RC COUNEr (TRC) ..uiiiieeeireeeeeseste st st steseesees e s aesesse s s e ssestesaessesten e seessenseneeneesessessesssssenses 233
19.2.9 Timer RC Genera RegistersA, B, C, and D (TRCGRA, TRCGRB, TRCGRC, TRCGRD) .......... 233
19.2.10 Timer RC Control Register 2 (TRCCR2) ......ccooieririeririeieie ettt sttt 234
19.2.11 Timer RC Digital Filter Function Select Register (TRCDF) .....cccvvvivivisereseeseeeee e sese e 234
19.2.12 Timer RC Output Master Enable Register (TRCOER) ........ccccovveiirinineneee e 235
19.2.13 Timer RC Trigger Control Register (TRCADCR) ....cccouiiiiiiniererenieesie et 235
19.2.14 Timer RC Pin Select Register (TRBRCSR) .....ccccvviiieierieireeeeesestesesestesteseessesseseesessessessessessesees 236
19.2.15 Timer RC Pin Select Register O (TRCPSRO) .....ccovieivieiieesiee et s 237
19.2.16 Timer RC Pin Select Register 1 (TRCPSRL) .....ccooiiiiiircirieeriee et 237
19.3 Common teMS fOr MUItIPIE MOES .......ccviiieiececeeece e s sre e 238
T1O.3.1  COUNE SOUICE ....eueeteeieesieeieeteeite st ese e s st e ee st e seesheseesbe e s e s e e se e e Rt e e e eheeeesaeeseesheenEeshe e s e areennesneenesreennesnnas 238
190.3.2  BUFEN OPEIALHON ...o.eoviiitiieteriete sttt sttt bbbt b e et e b et e b e 239
S TG T T I o - 1 241
19.3.4  Forced CUtOff Of PUISE QULPUL ......ccveeiiie ettt e e re e e nne e 242
194 Timer Mode (Input Capture FUNCLION) ........ccoiiiriee ettt 244
19.4.1 Timer RC I/O Control Register 0 (TRCIORO) for Input Capture FUNCtion .........ccccoceveveervereceeennn, 246
19.4.2 Timer RC /O Control Register 1 (TRCIOR1) for Input Capture FUNCtion .........cccccceeveveveecennenen. 247
19.4.3  OpErating EXAMPIE ....covoiiiiiieieeteeee ettt bbb bbb e e 248
195 Timer Mode (Output COMPare FUNCLION) .......cccviirieierereceeeee e se e s e e s e e ene e s 249
1951 Timer RC Control Register 1 (TRCCRL) for Output Compare FUNCLioN ..........cccccceevveveeneceeseennen, 251
1952 Timer RC I/O Control Register 0 (TRCIORO) for Output Compare FUNCtion ..........ccoceeevererieennen 252
19.5.3 Timer RC I/O Control Register 1 (TRCIOR1) for Output Compare FUNCtion .........ccccceeeeveeeeernnn. 253
19.5.4 Timer RC Control Register 2 (TRCCR2) for Output Compare FUNCLION ..........ccccccveveeceereceeseennen, 254
1955  Operating EXAMPIE ..ottt e 255
1956  Changing Output Pinsin Registers TRCGRC and TRCGRD .......ccccoovvivierevinenieseseeneeeeseeeseenes 256
19.6 L ATV 1 oo L= TSRS 258



19.6.1 Timer RC Control Register 1 (TRCCR1) in PWM MOUE .......ccuevrereririneneseesieeseeseeeeseseseseeses 260

19.6.2 Timer RC Control Register 2 (TRCCR2) in PWM MOUE .......cccoorimirininene e 260
19.6.3  OpErating EXAMPIE .....cvoiiiiieie ettt e bbb e 262
19.7 L AT D21V T L= TSRS 264
19.7.1  Timer RC Control Register 1 (TRCCR1) in PWM2 MOCE .......ccoriririiinene e 266
19.7.2 Timer RC Control Register 2 (TRCCR2) in PWM2 MOUE .......coereriiriririrenieenieeeeesee e 267
19.7.3 Timer RC Digital Filter Function Select Register (TRCDF) in PWM2 Mode .......ccccoveveveereeenennn, 267
19.7.4  OpErating EXBMPIE .....cooiiiiiiieie ettt ettt e et aeebe s besbesbe s beseeseeneebeeaeeaeebeneas 269
19.8 TIMEN RC INEEITUDL <.ttt ekt sa ekt bbbt st b e b e b nee 272
19.9 INOLES ON TIMEN RC ...ttt bttt b et b et b ettt b et b et b et bt e b e sb b e s e b et enentenen 273
S TN R I o (O = o = (= SRRSO 273
19.9.2  TRCSR REQISIEN ...cvcciiieiiteiecteiestese s et te e te s te st st et e st st seete st e be st e besaesesaetessetesaesestesesteseseeteseenessesetans 273
19.9.3  TRCCRL REJISIEN .iiitiieiirietirieie sttt sttt st sttt sttt stttk s ket ek e s e e be et e ne et e e beseene e st 273
19.9.4  CoUNt SOUICE SWITCHING ..cviiuiitiitiiie ettt et b et b b ettt e e e e et et et e seeaeeneseeneas 273
19.95  INPUL CaPUFE FUNCLION ....cviiitiieiiiieiereeie sttt sttt sttt 274
1996 TRCMR Register in PIWM2 MOUE ......couviviiieriirecieieese et e e e e st sresaesaeseenessenes 274
19.9.7  Count SOUrCE FOCTOADM ....cuoiuiiiiiiiieiie ettt ettt sttt e b e e se b ae e besbe s b seesbenbe e e e et eseeaeeaeebeneas 274
P20 B 11 1T G ] PRI 275
20.1 L@ oV USSR 275
20.2 REBI-TIME CIOCK IMOUE ...ttt bbbt e bt ene st enes 276
20.2.1 Timer RE Second Data Register (TRESEC) in Real-Time Clock Mode .........cccccvecvveeveceeceeeenen, 278
20.2.2 Timer RE Minute Data Register (TREMIN) in Real-Time Clock Mode ........ccccvviveiinniincnenieens 278
20.2.3 Timer RE Hour Data Register (TREHR) in Real-Time Clock Mode .......cccovvveveveevececenece e 279
20.2.4  Timer RE Day of Week Data Register (TREWK) in Real-Time Clock Mode .........cccecevvecevinenen. 279
20.2.5 Timer RE Control Register 1 (TRECRL) in Real-Time Clock MOdE .......ccoevveerieienieinieinenesieens 280
20.2.6  Timer RE Control Register 2 (TRECR2) in Real-Time Clock Mode ........cccovvvveveevececieece e 281
20.2.7 Timer RE Count Source Select Register (TRECSR) in Real-Time Clock Mode ..........cccccveevvnnennen. 282
20.2.8  Operating EXBMPIE ..o e bbb 283
20.3 (@70 17018 @091 0= £ =11, o L= R 284
20.3.1 Timer RE Counter Data Register (TRESEC) in Output Compare Mode ........ccccveevveeveeeeccnseenen, 286
20.3.2 Timer RE Compare Data Register (TREMIN) in Output Compare Mode .........ccccoveerrereennienens 286
20.3.3 Timer RE Control Register 1 (TRECR1) in Output Compare MOde ........ccevvevererereseenesneerenenns 287
20.3.4 Timer RE Control Register 2 (TRECR2) in Output Compare Mode .........ccccceveevievierceseceeseeeee 287
20.3.5 Timer RE Count Source Select Register (TRECSR) in Output Compare Mode .........ccccveeeennienens 288
20.3.6  Operating EXAMPIE .....ooviiiece et en e r e ne e ne e 289
204 NOLES ON TIMEN RE ...ttt e e e et a e he bt b e besb et et e s e e e s e e e e enesbesaesreas 290
20.4.1  Starting and SLOPPING COUNL ......eiveuerieririereririeeete sttt s be e ebesaes e e sbe e be e sbesesbesesreneas 290
0 A = (= oK (= = 1 o 290
20.4.3 Time Reading Procedure of Real-Time ClOCK MOE .......cccoeevviieie s 292
21.  Serial INterface (UARTO) ....oiiiiiiiiieiiiie ittt ettt e sttt e sttt e e s et et e e s aab b et e e e sanbn e e e e e senneeeens 293
211 L@ oV OSSR 293
21.2 REGISIENS ettt beh b bbb £ bR E R Rt R bR bRt R bbbt e n e nenenes 295
21.2.1 UARTO Transmit/Receive Mode Register (UOMR) .......coovieeieiie et 295
21.2.2 UARTOBIt Rate RegIStEr (UOBRG) .....ccecveiiieieieiietesestesesteses e sesteses e sestesestesassesestesessesessesessesessesens 295
21.2.3 UARTO Transmit Buffer Register (UOTB) .......coiiiiiieriiinieenieeseeese sttt s 296
21.2.4 UARTO Transmit/Receive Control Register O (UOCO) .....ccceevviieiierieerieseseeeeie e e 297
21.25 UARTO Transmit/Receive Control Register 1 (UOCL) ......ccoiiiririnininiesie e 297

A-8



21.2.6 UARTO Receive Buffer RegIStEr (UORB) .......cccceieeeririresesiesestese e seesesseeseesesessessessessessesnsssessees 298

21.2.7 UARTOPIN Select REGISIEr (UOSR) ....oviveieiieeteiieiesieiesieeseeteseeesaesesaesesassessssessessssesessessssessssesessesens 299
213 Clock Synchronous Serial /O MOUE ........coiiiiirieiieee bbb 300
21.3.1 Measure for Dealing with COMMUNICatioN EITOIS ......ccccccieieveriereeieeeeesese e 304
21.3.2  POlarity SEIECE FUNCHION .....c.eiiiiitiitiit ittt ettt eb e e bbb e e e ene e b e s aesaeebe e ee 305
21.3.3  LSB First/MSB First SEIECt FUNCLION .......cooiiiiirieesesee ettt s 305
21.3.4  COontiNUOUS RECEIVE IMOUE ......ceeueiiiirieerieietees ettt sttt st sttt et 306
214 Clock Asynchronous Serial 1/0 (UART) MOOE ....c.oiuiiiiiiiiieireeese et 307
A S = T = - (= TSROSO SRRTTUR 312
21.4.2 Measure for Dealing with COMMmMUNICatioN EITOIS ......ccccocivierererieeeeeesese e s ene e 313
215 Notes on Serial INterface (UARTO) .....oociiiiierie ettt st be s st e sasnesae e sn s 314
22, Serial INterface (UART2) ..ottt ettt ettt e e s st e e s snb bt e e e s snbbb e e e e s naneeeeens 315
221 L@ oV USSR 315
22.2 L [ =R S 317
22.2.1 UART2 Transmit/Receive Mode Register (UZMR) .......coovieeieiie et 317
2222 UART2Bit Rate REQISLEr (U2BRG) ....ccovcviiiiiieieiietesesieseste sttt s te et se st sessesessesessesessesens 317
22.2.3 UART2 Transmit Buffer REGISLEr (UZ2TB) ..cvvvviiieriererieeieeeesese s sresteste e ste st s sesnaesae e snessesneens 318
22.2.4 UART2 Transmit/Receive Control Register 0 (U2C0) .....occeveieeierieeie e 319
22.25 UART2 Transmit/Receive Control Register 1 (U2CL) ......oooiiiriienerinerie e 320
22.2.6 UART2 Receive Buffer RegIStEr (U2RB) ......ccceieeirereie st sesese st seeses s seeseees e e snessessesnesse s 321
22.2.7 UART2 Digital Filter Function Select Register (URXDF) ....ccoooiiieieiece e 322
2228 UART2 Special Mode Register 5 (U2SMRD5) ......cccoiviiiiiirieeneeree st 322
22.29 UART2 Speciad Mode Register 4 (U2SMRA) .....ocveieieceseeese st sae e s ene s s 323
22.2.10 UART2 Special Mode Register 3 (U2SMRS3) .......ccoveiririirieirieirieesie sttt sessesessesessesens 323
22.2.11 UART2 Special Mode Register 2 (U2SMR2) ...t sresesne e 324
22,212 UART2 Special Mode RegiSter (U2SMR) ....ocuvieivieiererecieeeeese sttt sae e s e sne s s 324
22.2.13 UART2Pin Select RegisSter 0 (U2SR0) .....ccvvieerieirieerieesieesiesessesesiesesseessesessesessesessesessesessesessesens 325
22.2.14 UART2Pin Select REGISIEr 1 (U2SRL) ....oovuueveceeceeeeeceeeeeeeesseessessessses s ssss s sesssesssessesssnssnees 325
22.3 Clock Synchronous Serial 1/0 MOUE ......cccecvceeere st e e ene e srenes 326
22.3.1 Measurefor Dealing with CommuNICation EITOrS .......cccccevviiiie e 330
22.3.2  CLK Polarity SEIECt FUNCHION .....c.oiiiiiiiieieeiereetereie ettt s s ene e 330
22.3.3 LSB First/MSB First SEIECt FUNCLION .....c.covcvirieiiiieirieie et 331
22.34  CONtiNUOUS RECEIVE MOME ........oouiriiiiiitiie sttt bbb e b b e e et sae b b 331
2235  Serial DataLogic SWItChing FUNCLION .........ccoiiiiiiiiiieriieiee e e 332
2238 CTSIRTSFUNCHON .ooovuueaiereessssaeeeseessssssessssssssssssssssssss s sssssss st sss s ssssssssesssssssssns 332
22.4 Clock Asynchronous Serial /O (UART) MOUE .......ocveeeviieere ettt e e s s 333
2241  BILREIE .oiieeciiceeieceee ettt sttt et e bt et e eaeetesheetesheeteshe e benbeeaeebeeeeareeneeereennas 337
22.4.2 Measure for Dealing with COmMmUNICatioN EITOrS ......cccccoievererereeieeeeesese e e ene s 338
22.4.3 LSB First/MSB First SEIeCt FUNCLION ........cooiiiiiiiiisesice et e e 338
2244 Serial DataLogic SWItChing FUNCLION .........ccoiiiriiiniieriseeie e e 339
2245 TXD and RXD I/O Polarity INVErse FUNCHION ......coeoueeeiiese ettt s 339
2246 CTSRTSFUNCON ©..ovoooiviveeeiisissssssssssssssssss st ss s ss s ss s 340
2247 RXD2 Digital Filter SEeCt FUNCLION ......cccciieiiieeiireee ettt 340
RIS o = o = Y [ o (=B A (L ALY T =) 341
225.1 Detection of Start and StOP CONAITIONS ......ccveeieiieicieece e e 347
2252  Output of Start and StOP CONAILIONS ......c.crveuiriiiirieirieereereer bbb e sre e 348
P B I 0 = GO oo TSR PRRPSN 349
2254 SDA OULPUL .ueevereeterieteseeteseeteseeteseeteseeteseesesaetesseseseeseseesesaesessesessesessesessesessesessesessansssenessesessesenseseasesens 349



2255 SDA INPUL eovvvveeeeeeeesseeeeeeeeeeeeseeesesseeeeeseseseseseseses s eesssseeeseseseeseeeesesesseeeseesesseseessseeeeesssesseeeeeeseees 350

2256  ACK @NO NACK ..ottt ettt e bbbt s e bR s e se e b e bt st se e b b e e e et e bebe s e e 350
2257 Initialization of TranSMiSSION/RECEPLION .....c.ovveuiiiiiriiierireriee sttt s 350
22.6 Multiprocessor CommuniCation FUNCHION ........cccveiiiiiinirerieeceeese e s e e saesesne e 351
22.6.1  MUItiProOCESSOr TIANSIMISSION ....coueiuietirterteitistesteseesseseeesseeeesessesaesbesbesaesaesbesaeseeseesseeneesessessesnesseseeses 354
22.6.2  MUILIPrOCESSOr RECEPLION .....viiiiiiieieieieeteiete sttt ettt ettt sb b ettt e b e b b e sre e 355
22.6.3 RXD2Digital Filter SEleCt FUNCLION ......cccereeeeieieeee sttt sne s s 357
22.7 Notes on Serial INErface (UARTZ) ...ttt se e enesae e sn s 358
22.7.1  Clock Synchronous Sefial [/O MOGE ..o 358
22.7.2  SPECial MOUE L (I2ZC MOUE) ...ttt es v s s s s s v enn s s s s s s s s s s s s se s ssssssssssssnsananens 359
23.  Clock Synchronous Serial INTErface ........oooiiiiiiiiiiiiii e 360
231 [ Lee SRS = = w1 o] o ISR 360
24.  Synchronous Serial Communication UNit (SSU) .......ccoiiiiiiiiiiiiiiiieeiiiee e 361
241 L@ oV OSSR 361
242 REGISIENS ettt ettt h et h bbb e bR bR bR R bt e bR bt e n et nenenen 363
24.21 Module Standby Control REGISLEr (MSTCR) ...cvcvveieeeeciresese et e e s ae e se e esne e s 363
24.2.2  SSU/IC Pin Select Register (SSUITCSRY) ......ccoiiiriiiiririeiee sttt e siene e 363
24.2.3  SSBit Counter REGISIEr (SSBR) ....coiiiiiiiiiiieirieesieisie ettt sttt st st se e bese e snene s 364
24.2.4  SSTransmit Data ReQIStEr (SSTDR) ....cceceeieiieie ettt et e e ettt e e s reeneesaeeneas 364
24.25 SSReceive Data Register (SSRDR) .....ccoiiiiriiiiiiiieiee ettt s 365
2426  SSCoNtrol ReGIStEr H (SSCRH) ....c.coiiiiiiiiiiiesieenie ettt b s s 365
2427  SSCONtrol REQISIEr L (SSCRL) ...ccueeiiiee ettt ste st e ste e ste s te e te s e seesaeeneeneesneeneas 366
24.2.8 SSMOUE REGISLEN (SSMR) ....ocveuiiiiririeieiest sttt st b e bbb e s beb e nn e 367
2429 SSENable REGISIEr (SSER) .....cooiiiiiiiieeeee sttt sttt s 368
24.2.10 SS Status REGISLEN (SSSR) ...cveveuiuirereriereieeresiereie st st sie s st es s b et e b e e seseeneena 369
24211 SSMOdE REGISLEr 2 (SSMR2) ....ooviiieiiriririeiit ettt sttt bbb s bbb e 370
243 Common tEMSFOr MUIIPIE MOTES ......c.ooueeirieiieeee bbb 371
P T N I =0 = GO o o: TSSO P USSP PSP 371
24.3.2  SS Shift REgIStEr (SSTRSR) .....cucveiriririeiriresie ettt st s beb e ne e 373
24.3.3  INEITUPE REOUESES .....cuoiiiiiiitiitiiti sttt ettt sn e s et r e e e e s r e eneer e re s 374
24.3.4  Communication Modes and Pin FUNCLIONS .........c.coovieiriireineeneeseesreesne e 375
244 Clock Synchronous CommUNIiCatIoN MOOE .........coeiiiiriiiieieeeeeee e sre s 376
24.4.1 Initialization in Clock Synchronous Communication MOGE ..........cccoeoieiereininnenneseseseere e 376
24.4.2 DA TIANSIMISSION ...eoviieirereereeereseeresesresesresesreesresesresesresesreseereseeseseesesaeseseesesaesesaesesresesresesreseereneareneas 377
P R B T ir= 2 L= o= o 1o o RO TSRS 379
245 Operation in 4-Wire Bus CommuniCation MOOE .........ccoiririririnininiieese e 383
24.5.1 Initialization in 4-Wire Bus COmMMUNICation MOE ..........cccerireeereereereerreeseee e 384

P N A D T v I =01 0 4TSS T o] o USSR 385
24.5.3  DABRECEDIION ..ottt ettt etk b e e bbbt e bt e b e et b et bt b e ere e 387
2454  SCSPin Control and ArDItTatiON ..........oc.eeeeueeeeeeeseeessseessesssssesssesssssssssssssssssssessssesssssessssesssnsssens 389
24.6 Notes on Synchronous Serial CommuUNiCation UNIt ..o 390
P2 T U4 O o UL 1= s 7= Yo ST 391
251 L@ oV SR 391
25.2 REGISLEIS ..veveiteieistesies e e et s et s s e e see e e e e e e e aeesesaesaeseesbesee e eneeneeseeReeseeresReaEen s e e eneeneene e e enennennenrens 394
25.2.1 Module Standby Control RegIiSter (MSTCR) ....coovieiceece e 39
25.2.2  SSU/IC Pin Select Register (SSUIICSRY) .....oovcvirieiiiicierieierieie st 394

A-10



25.2.3 /O Function Pin Select ReQIStEr (PINSR) .....ccoccviiriiireereseeesese st see st see s eene s s 395

25.24 11C bus Transmit Data REGISIEr (ICDRT) ...ccueiuiriirieieieieeirierere sttt st e e see e 396
2525 11C bus Receive Data Register (ICDRR) ......ccccciiiiiriierirerieie st sne e 396
25.2.6  11C bus Control REGISLEr 1L (ICCRL) ...cccviirierieseeseeeereeseeeeeseseestesreseesees e saeseeseaeseeseesessessessessesseses 397
25.2.7  11C bus Control REGISLEr 2 (ICCR2) .....couiiiiiie ettt e e sae b e 398
2528 1IC busMode REGISIEr (ICMR) ....oiviiiieciiiieieieeie ettt s b s eb e e sne e 399
25.2.9 1IC bus Interrupt Enable REGISLEr (ICIER) ....ccvvveieeieieeeeeesese sttt s e e sre s 400
25.2.10 11C bus Status REGISIEr (ICSR) ..c.ciueiiieiiieirieisesesteseste sttt esestesae e saesesaesessesestesessesessesessesessesens 401
25211 Slave AddresS REGISIEr (SAR) ...cuiiieiiiiirie ettt sttt ene e 402
25.2.12 11C bus Shift REGISIEr (ICDRS) ....ciiieiiieiirieieriei ettt sttt st st sttt 402
253 Common teMS fOr MUItIPIE MOOES .......oouiieieeeeeeeee e et 403
P20 1 R I =0 U = X oo S 403
25.3.2 SDA Pin Digital Delay SEIECHION .....ccueiveeeeeeeeseetere ettt s ne e sne e e 405
25.3.3  INEITUPL REOUESES ....c..eiiiiiietieeesie et sttt e h et ae e saeeseesae e seesheebesaeebesbeenbebesaeesneeanesaesnnas 406
254 12C DUS INEITACE MOUE .....vveeeceevieieecte et ee ettt ettt est et en et ss e st et es s st sssn s st s s nsetesnans 407
P R 1 @ o 0] o 11 TP PRPRN 407
25.4.2  Master TranSmMit OPEIrAtiON .........ccocieireriiiriereriereeiees e e se et see e b sbeseesee e e seesee e esesbessesaesbesaeses 408
25.4.3  MaSter RECEIVE OPEIAHION ....c.oiuieiiiiiieeiiteieteest ettt sttt sttt b b et b et sb e b et ebeneene e 410
25.4.4  Slave TranSMit OPEraLiON ......ccccccieriereiirierieseeseeeeerese s e stesres e e seeseeseesessessessessesesseessensesessessensessenes 413
2545  SlaVe RECEIVE OPEIAION ...c.coeieieiieieieiiterie ettt ettt b e bbb e b e e b e e e e e e e neebeeaeeaesbesbeee 416
255 Clock SynchronOUS SErial MOOE ........coueuiriiiiieiriere bbb e e 418
25.5.1 Clock Synchronous Serial FOMMEL .........cccceeiiiieiieiese e ste e st e st e e e sre e e sneeneas 418
25.5.2  TranSmMit OPEIrAION .......coiiiiirerieieetirierie st teste st e ee e s e e e ese st saeebesaesaesbesbeseesee e eeesee e esesbesaeeaesbesaees 419
25.5.3  RECEAIVE OPEIEIION ....oecvieeiiietiriei ettt sttt sttt b e e b e besa et e s e bt se e st sbeb e s b e st s b e e b et be e ebeneene e 420
25.6 Examples Of REQISLEr SELHING .....cciiiieicice ettt e e eaa e e e sreennesneennas 421
25.7 NOISE CBNCEIEY ...ttt e e e st ae e b e e b e s bt sb et et et e e enesbesaesbesbesbesaens 425
258 Bit SyNchronization CITCUIT ........c..ciieiriiiieirecerie e sb bbb 426
25.9  NOESON I2C BUS INLEITACE ...oeeiveviicecieeece ettt bbb bbb bbb bbb bbb s 427
P2 T o T Vo 11V V= I 1 RPN 428
26.1 L@ Y T PP 428
26.2 INPUE/OULPUL PINS ...ttt sttt b et b et b et b e st b et b et st e eb e e ene e 429
26.3 L [ RSP 430
26.3.1  LIN Control REGISIEr 2 (LINCR2) .....ccoiiiiiiiieieieseeie ettt st sae st e st sesse e 430
26.3.2  LIN Control REGIStEr (LINCR) ....coveoiiiiirieirieeetereeie sttt sne e 431
26.3.3  LIN StatuS REGISLEr (LINST) ..oiiiiieiiieiriecrieeeie sttt st sttt e sbe e 431
26.4 FUNCLION DESCIIPLION ...viiueeiiciesie ettt st s et e st e aeeaesaeeseesneentesaeestesseensensesnneseeennenneennas 432
P2 R |V - 1= 1Y oo P 432
P S = =3 Y oo L= OIS PTSPSTN 435
26.4.3 Bus ColliSion DELECioN FUNCLION .......ccoiiieiieieieeeeeee st sttt s e sr e e 439
26.4.4  Hardware LIN EN PrOCESSING ....coceoerveririeriiieeetereetesestesesteseetesesiesessesaesesseseseesessesesaesessesessesessesesseneas 440
26.5 INEEITUPE REGUESES ...ttt st s s e e sse e teeseeseesneeseeeneesaesneesbenseansesneenseennensesnnes 441
26.6 NOLES ON HAIAWEAIE LIN ...ttt e b b e e e s nnesnesre s 442
P A AV N @ 1 1Y/~ - SRR 443
271 L@ oV OSSR 443
27.2 REGISIENS ettt b b bbb h e £ bR R R bR Rt h e Rt e bt e n b ene e enes 445
27.2.1  On-Chip Reference Voltage Control Register (OCVREFCR) ........ccccevivieiiniee e 445
2722 A/D ReGISEr i (ADI) (i S0T07) coiieiirieiiieesee et sie sttt sttt st et e sesaesesae e snene s 446



27.2.3  A/D MOUE REGISLEr (ADMOD) ...ooooeevveeeeeeeeeeesseeeeeeeseeeeeesseessssseseesssseeesessesssseesssssseseesesssssseeeessseees 447

27.2.4  A/D Input Select RegIiSter (ADINSEL) ..cviiiieirieisee ettt st st sesse e 448
27.25 A/D Control Register O (ADCOND) .......ceriiierieierieierieie et see s e e sae e ss e bbb se b s s 449
27.2.6  A/D Control Register 1 (ADCONL) .....cccvciivireiesieieseeseeieeeesessessessesresresteseesseseeseesessessessessessesseses 450
27.3 Common IteMS fOr MUItIPIE MOOES .......oouiie e e et e 451
27.3. 1 INPUL/OULPUL PINS ..oviiiieiieiieieieet sttt b et b et b et b e b se b se b et bt ebene b 451
27.3.2  A/D CONVEISION CYCIES ....ocviiieiiiieiiesieieeeeeese st s te s e e stesaes e e e e eseesessesaeseesteseeseensensesensessnssessenes 451
27.3.3  A/D Conversion Start CONITION .........ccccceririreriinieieee et s e e se e sae b e e 453
27.3.4  A/D CONVEISION RESUIL ....eoviiiiieieeieeieieeie sttt et ste e st be st se e e e e e se e e eseeseeseenesreneenes 455
27.3.5  Low Current Consumption FUNCLION .........ccccviiiiirieieisieeeeesesese e e e see e se e eseesessesnessessenns 455
27.3.6  Extended ANalog INPUL PINS ..ottt st s s se e e b s sae b b e 455
27.3.7  A/D Open-Circuit Detection ASSISt FUNCLION .........cooieriierieineee e 455
274 ONE-SNOt IMOTE ...t bt bbbttt sttt et st 457
275 LS 0= 1Y o L O TSRS 458
27.6 REPEEE IMOOE 1 ...ttt bbb bbb e bbbt bbbt e e bt e e bt e bt b b et s s s 459
27.7 S e FERS TS o0, o L= R 461
27.8 REPEAL SIWVEED IMOE ... et b e ettt e st e bt b e s besa et e e e e e e enenbesaesaens 463
279 Output Impedance of Sensor uNder A/D CONVEISION .......couvirririeerieeieesiesesie s s 465
27.10  NOES ON A/D CONVEITES ..o.ocuiiieiieierieieseee sttt sttt ettt et b e et e st st et et e ne st e e e benesbenesbeneebe e 466
P T O 1101 o T = 1o ] g = TSRO OSSP 467
28.1 OVEIVIEIW .ottt ettt ettt e bbb bbb st s b e st b e s e e st R e st b e e b et e e e b et e b et et e e e bt s ntne 467
28.2 REGISIENS ettt b b h b bbb h £ bR R R Rt R R e Rt e Rt Rkt e st nene e enes 469
28.21 Comparator B Control RegiSter (INTCMP) ..ot 469
28.2.2 External Input Enable Register O (INTEN) ...ococcieieie e e st 469
28.2.3 INT Input Filter Select REGISIEr O (INTF) ..ottt 470
28.3 [0 TgTex (L0 g = DTS o 1 o 14 o] o ST 471
28.3.1 Comparator Bi Digital FIlter (i = 105 3) ooeceeiecieieceee ettt e 472
284 Comparator B1 and Comparator B3 INTEITUPLS ......cevvieruiriririeiieesieesie st 473
29, FlaSN MEMIOIY ...ttt e e e et oo e ettt et et e e e e e e s e ab b b e beeeeeeaeeeeaenannne 474
29.1 L@ oV SR 474
29.2 LY 0 aTo TV = o TP S RPN 475
29.3 Functions to Prevent Flash Memory from being REWIITEEN ... 476
PZ2S TG 1 R | D I @o 1o (=1 @1 o1 Q8 U 1 o o TS 476
29.3.2 ROM COde ProteCt FUNCLION .....ccciiiiieiiiieitieiesie sttt ettt st s e s se e e b e sae b e 477
29.3.3  Option Function Select REGISEr (OFS) ......coiiiiiririirieriese ettt et e sb e 477
29.4 L@ B I (= Y 1 (= 1Y/ oo L= SR 478
29.4.1 Flash Memory StatuS REQISEr (FST) ..oooiiieie ettt 479
29.4.2  Flash Memory Control Register O (FMRO) ......coiiiriiiiieieieereeereee sttt e e 481
29.4.3 Flash Memory Control Register 1 (FIMRL) ......cooiiiiiriiirieenieeseee st 483
29.4.4  Flash Memory Control RegISter 2 (FIMR2) ..ottt 485
20.4.5  EWO IMOOE ...cveiveeiiiinisieesieisteeste st ste st stesestesastesaeteseetesaebesaetesaetessesesaesesaeseseasesaesessanesbasesaesessnsensenensenens 487
2048  EWILIMOOE ...ooeeeieetiete ettt ettt sttt ae et et e e be s aeesbe e e e saeeaeesbeeaeesbeebeenbesaeabesaeensesaeesesaeesresnnas 487
A IS S T o 1< 0 @ o = 1 oo S 4388
29.4.8 How to Set and EXit EACh MOE .....cc.oiuiiuiiiiiiii ettt st s s 489
29.4.9 BGO (BackGround Operation) FUNCHION .........ccoieirireriierieie et sre s sne e 490
29.4.10 Data ProteCt FUNCLION ....cc.oiviiiiieieeietietcrie ettt se et se e et e et ebe st besae b e b s 491
29.4.11  SOftWAre COMIMEINGS .....coeiieeeieeeie ettt sttt se et e et eeae s e st e b e s besbesbesbeseese e e e e e se e e eneeseenesaesbesaenes 492



29.4.12  FUll SEAIUS CHECK ......oeiiiii s 502

29.5 Standard SErial 1/O MOUE .......cveiriririiisie sttt ettt se e ene et e e e sesaesesans 504
2SR R | D @o 1o (=X @1 o1 Q8 = U o o 504
29.6 PArallEl /O IMOUE ..ottt bbb bbbt b et b e bbb ne e enen 507
20.6.1 ROM Code ProteCt FUNCLION .....ccoiiiieiicieiceete ettt st e ere e b e e sreeneesneennas 507
29.7 NOLES ON FIESN MEMOIY ...ttt bbb bbbt e bbb 508
20.7.1  CPU REWITEIMOUE ...ttt sttt sttt sttt sbe et 508
30. Reducing POWEr CONSUMPLION .......utiiiiiiiiiiaaaeaaeiaaitet ittt e e e e e e e e e e s s aaiibebbeeeeeaaeaasassaannsbeseeeeaaaaaaaaans 512
30.1 L@ Y T PSS 512
30.2 Key Points and Processing Methods for Reducing Power ConSUMpPLion ..........c.coeverenereneienieniennens 512
110 10228 Vo v= o (=] D= (= o 11 W ] o 1 512
O 2 =o' TSSO 512
0 1220 T O o o (TSSO 512
110 22 R VY= T Y/ oo (=TS (o] 0, o o [ 512
30.25  Stopping Peripheral FUNCLiON CIOCKS .......ccveiiiiicicees e st 512
0 12 T T 0= OSSR 512
A A D @ 111/ 1 (= OSSPSR 512
30.2.8  Clock Synchronous Serial INTEIfaCe ......ovceeiiie e 512
30.2.9 Reducing Internal POWer CONSUMPLION ......coiiiitirierieieeieieeie st sbe e sre bt e e e 513
30.2.10 StOPPING FIaSh IMEBMOIY ....veueceieeeeicectes ettt s e e seeseeseetesreseese e seseeseenenrennens 514
30.2.11 Low-Current-Consumption READ MOUE ........cccviiieiiiicei et 515
O 0 @ {31 RS SPR 516
31.  Electrical CharaCteriSICS ..........eeeiiiiiiiiiiiiiiiiite ettt e e e e e e e et e e e e e e e e e e e s annnnes 517
I Y © L7 To [N N\ o (= SRR 543
321 Notes 0N ClOCK GENEration CIFCUIT .........ccooeriirererere sttt sbe b e seesaesessesaesneas 543
3211 SEOP IMOOE ...ttt b bbb b b e R e bR R R bR bR b bR n et ens 543
a0t N VT T 1Y o L= OSSPSR 543
32.1.3 Oscillation Stop DeteCtion FUNCLION .........coceiiieiirice e s 544
32.1.4  OsCillation CirCUIt CONSLANES ......ccveveeeeerieiereseesiesesieseeeerese e ste e seeseeseeseeseesestesseseessensesessessessesseses 544
322 [N T0 1= o] g I g1 o] 545
3221 Reading Address 00000R ........ccceireriririireeerieesieseseeesseessesesseessesesseessessesensssessesessesessesessesessesessenes 545
G S s 1 (2o TSRS 545
32.2.3 Externa Interrupt and Key INPUEL INEEITUPE .....c.evveieeriirere e 545
32.24  Changing INtEITUPL SOUICES .......oceeiueieerieiiesieseesiesteesteseestesseesteeseesseeseesaeseeseesseessesnsessesssessesnsessennes 546
32.25  Rewriting Interrupt Control REGISIEN ........coiiriiiriiiriirees ettt 547
32.3 NOLES ON ID COUE ATEBS .....oeeueieiiieierieieete sttt ettt b e b etk b e ettt be st b et e b st e s st be st enesenentenen 548
32.3.1  Setting EXample Of D COUE ATFEBS .......ccveiieeeee e st ee e ste e e et e e e et sae s sra e e saensenreenes 548
324 Notes 0n Option FUNCLION SEIECE ATEA ......coiiiiiiiirieeeeees bbb 548
32.4.1  Setting Example of Option FUNCLION SEIECE ATEA ......cceiveveeieeecece e 548
325 [N To =T o] o 1 D U PPURPR AR 549
3251  DTC ACHVALION SOUICE ...veviueeeieneenieeietisiestestesteseesseseeeeseesessessessessesseseessesesseseesessessessessessesessessessessenes 549
3252 DTCENI (i =01t03,5, 6) REJISLEIS ....ecveeeerierieriestesieste e seeeee s e ssese s stesteseessesaeseeneenessessessessesseses 549
32.5.3  Peripheral MOGUIES ......ocueeieeiiee ettt ettt e e s ae e e e e e esteentesreeseenseeneenreenes 549
3254  INEEITUPE REGUESE ...c.eieieieeeeeeeetee sttt sttt b e bt e r e r e e e s eneer e ne s 549
32.6 NOLES ON TIMEN RA <.ttt bbbt b et b et b et b et e bt e b ne b e ne b e e eneneenen 550
32.7 NOEES ON TIMEN RB ...ttt b e e e et ae bk e e b e sb e et et e se e s ess e e e e eseebennesneas 551



G Y2 A0 T 10 4= g 1Yo o [T 551

32.7.2  Programmable Waveform Generation MOE ..........ccoeieiririeniiiene e 552
32.7.3  Programmable One-shot GENEration MOGE ..o 552
32.7.4  Programmable Wait One-shot Generation MOE ........ccccevveieeereriivesese e 552
32.8 NOEES ON TIMEN RC ...ttt ae b b e e e et e e e aeebeeb e e bt sbe st et e se e s enseseeneeneenesaesnens 553
32.8.1  TRC REGISIEN .ooooreeeceeoeeeeeeeeeeeesseeseeessseessesessssssssssssssssssessses s s sssess s ssssssssssanssseessssssnssssesssessnssanesens 553
32.8.2  TRCSR REGISIEN .oueciiiietirieiiiieiriet sttt ettt b b e bbbt s e bt e bt e b et e b e st e et b seebe b enentens 553
32.8.3  TRCCRL REQISIEN ...cveueiviietisirieietesietesesteseesestesessesessesessasessesessessssassssessesessesessesessesessesessesessessssesesseses 553
32.84  COUNt SOUICE SWITCNIMNG ..cueiviiiiiiiieieiee ettt s e nnens 553
32.85  INPUL CAPEUIE FUNCLION ...ovieiieiceecccecetese ettt st s e e e eneeseetesbeseeseeeeseeneeneesennenes 554
3286 TRCMR ReGIStEr iN PWM2 MOE .....ccovviiiiiiiieiiieisieisieses ettt sass s ssssessnsnns 554
32.8.7  Count SOUrCE FOCOAOM ...ttt ettt st st s ae st e e s esesbeseestesbeseeseeneeseeseeneesensenes 554
329 NOLES ON TIMEN RE ...ttt ettt b et b bbbt be st bt eb et e st enen 555
329.1  Starting and SOPPING COUNL ......cc.eiuiitirieieieriestesterie st seeee s se st ssesae st sbesbeseesseseeseeseeneesessesaessesseses 555
32.9.2  REGISIEN SEHING ..ueviueitiiietiieteet ettt ettt h bt se et bbbt e bt et b b ne e ens 555
32.9.3 Time Reading Procedure of Real-Time ClOCK MOUE ......cccccveerereneneie e 557
32.10 Noteson Serial INterface (UARTO) ..ottt b e sae bt se e sbe b b e 558
3211  Noteson Serial INterface (UART2) ..ottt ebe e 559
32.11.1 Clock Synchronous Serial 1/O MOE .....c..cceevireieninieseseeeee et ene s s 559
32.11.2 Special MOAE 1 (I2C MOUE) .....cuceeverreeercteieeeesete e iee et see et b s es bbb es et s st et bssn b ses s naebesnas 560
32.12  Notes on Synchronous Serial CommuniCation UNIt ..........ccoeereereiniieneereereeeseese e 561
3213  NOtESON I2C BUS INLEITACE ....vecveviicecieeeee ettt bbbt bbb bbb bbb bbb nas 561
32.14  NOtESON HArAWEIE LIN ...ttt ettt sa e s b bbb eneeb e s saesbe b ee 561
172 LS Lo 11X o) IV A B I e 01V £ 1= SO 561
32.16  NOES ON FIASN IMEIMIONY ..vecuiiciiciiceesee sttt et et s ae e e te e e be s e en s e eaeeteeneessesneetesneeneennanns 562
32.16.1 CPU REWHTE MOUE ...c.veviieeiiiieiiiieisieiieties ettt st s st sse s saesesaesessesessesesaesessesessesessnsensnnes 562
17220 A T 1= o) 8 1L = S 566
32.17.1 Inserting a Bypass Capacitor between VCC and VSS Pins as a Countermeasure against Noise and
[ ot L o T U PSP SORRRSTPRURORN 566
32.17.2 Countermeasures against Noise Error of Port Control ReQISIErS ......ccoceriverinene e 566
33.  Notes 0n ON-Chip DEBUGQET ......uuiiiiiiiiiiicc et e e e s e e e e e e e eeeen s 567
34.  Notes on EMUlator DEDUGQET ........eeiiiiiiiiii ettt a e e e e e e 568
Appendix 1. Package DIMENSIONS .....coiiiiiiiiiiiiiiiiiieiie e e e e e e e s s e r e e e e e e e e e s s st aeeeeaeeaeeseesennnnreeeeees 569
Appendix 2. Connection Examples between Serial Writer and On-Chip Debugging Emulator ............ 570
Appendix 3. Example of Oscillation Evaluation CirCUIt ............eeeiiireeeiiiiiiiiiiiiieeee e e 571
1o = TP RROPPTP 572



SFR

Page Reference

Address Register Symbol Page Address Register Symbol Page
0000h 0040h
0001h 0041h |Flash Memory Ready Interrupt Control FMRDYIC 128
0002h Register
0003h 0042h
0004h | Processor Mode Register 0 PMO 28 0043h
0005h | Processor Mode Register 1 PM1 159 0044h
0006h | System Clock Control Register 0 CMO 91 0045h
0007h | System Clock Control Register 1 CM1 92 0046h
0008h | Module Standby Control Register MSTCR 229, 363, 0047h | Timer RC Interrupt Control Register TRCIC 128
394 0048h
0009h | System Clock Control Register 3 CM3 93 0049h
000Ah | Protect Register PRCR 121 004Ah | Timer RE Interrupt Control Register TREIC 127
000Bh [ Reset Source Determination Register RSTFR 28 004Bh |UART2 Transmit Interrupt Control Register | S2TIC 127
000Ch |Oscillation Stop Detection Register oCcD 95 004Ch [UART2 Receive Interrupt Control Register |S2RIC 127
000Dh | Watchdog Timer Reset Register WDTR 159 004Dh |Key Input Interrupt Control Register KUPIC 127
000Eh |Watchdog Timer Start Register WDTS 159 004Eh | A/D Conversion Interrupt Control Register |ADIC 127
000Fh | Watchdog Timer Control Register WDTC 160 004Fh | SSU Interrupt Control Register / [IC bus Ssulc/icIC 128
0010h Interrupt Control Register
0011h 0050h
0012h 0051h [UARTO Transmit Interrupt Control Register | SOTIC 127
0013h 0052h [ UARTO Receive Interrupt Control Register | SORIC 127
0014h 0053h
0015h | High-Speed On-Chip Oscillator Control Register 7| FRA7 95 0054h
0016h 0055h
0017h 0056h | Timer RA Interrupt Control Register TRAIC 127
0018h 0057h
0019h 0058h | Timer RB Interrupt Control Register TRBIC 127
001Ah 0059h | INT1 Interrupt Control Register INT1IC 129
001Bh 005Ah | INT3 Interrupt Control Register INT3IC 129
001Ch |Count Source Protection Mode Register CSPR 160 005Bh
001Dh 005Ch
001Eh 005Dh [ INTO Interrupt Control Register INTOIC 129
001Fh 005Eh | UART2 Bus Collision Detection Interrupt U2BCNIC 127
0020h Control Register
0021h 005Fh
0022h 0060h
0023h | High-Speed On-Chip Oscillator Control Register 0| FRAO 96 0061h
0024h | High-Speed On-Chip Oscillator Control Register 1| FRA1 96 0062h
0025h | High-Speed On-Chip Oscillator Control Register 2| FRA2 97 0063h
0026h | On-Chip Reference Voltage Control Register OCVREFCR 445 0064h
0027h 0065h
0028h | Clock Prescaler Reset Flag CPSRF 97 0066h
0029h | High-Speed On-Chip Oscillator Control Register 4| FRA4 98 0067h
002Ah | High-Speed On-Chip Oscillator Control Register 5| FRA5 98 0068h
002Bh [ High-Speed On-Chip Oscillator Control Register 6| FRA6 98 0069h
00z¢ch 006Ah
002Dh 006Bh
002En 006Ch
002Fh | High-Speed On-Chip Oscillator Control Register 3| FRA3 98 006Dh
0030h | Voltage Monitor Circuit Control Register CMPA 41 O06ER
0031h |Voltage Monitor Circuit Edge Select Register VCAC 42 006Fh
0032h 0070h
0033h |Voltage Detect Register 1 VCALl 42 0071h . .
0034h [ Voltage Detect Register 2 VCA2 3,99 0072h | Voltage Monftor 1 Interrupt Control Reg?ster VCMP1IC 127
0035h 0073h | Voltage Monitor 2 Interrupt Control Register| VCMP2IC 127
0036h | Voltage Detection 1 Level Select Register VDILS 44 0074h
0037h 0075h
0038h | Voltage Monitor 0 Circuit Control Register VWoC 45 0076h
0039h | Voltage Monitor 1 Circuit Control Register VWiC 46 0077h
003Ah | Voltage Monitor 2 Circuit Control Register vwac 47 0078h
0038h 0079h
003¢ch 007Ah
003Dh 007Bh
003En 007Ch
003Fh 007Dh
007Eh
Note: 007Fh
1. The blank regions are reserved. Do not access locations in these

regions.




Address Register Symbol Page Address Register Symbol Page
0080h |DTC Activation Control Register DTCTL 171 00COh A/D Register 0 ADO 446
0081h 00C1lh
0082h 00C2h A/D Register 1 AD1 446
0083h 00C3h
0084h 00C4h A/D Register 2 AD2 446
0085h 00C5h
0086h 00C6h A/D Register 3 AD3 446
0087h 00C7h
0088h [DTC Activation Enable Register 0 DTCENO 170 00C8h A/D Register 4 AD4 446
0089h |DTC Activation Enable Register 1 DTCEN1 170 00C9%h
008Ah |DTC Activation Enable Register 2 DTCEN2 170 00CAh A/D Register 5 AD5 446
008Bh [DTC Activation Enable Register 3 DTCEN3 170 00CBh
008Ch 00CCh | A/D Register 6 AD6 446
008Dh [DTC Activation Enable Register 5 DTCEN5 170 00CDh
008Eh |DTC Activation Enable Register 6 DTCENG6 170 00CEh A/D Register 7 AD7 446
008Fh 00CFh
0090h 00D0Oh
0091h 00D1h
0092h 00D2h
0093h 00D3h
0094h 00D4h A/D Mode Register ADMOD 447
0095h 00D5h A/D Input Select Register ADINSEL 448
0096h 00D6h A/D Control Register 0 ADCONO 449
0097h 00D7h | A/D Control Register 1 ADCON1 450
0098h 00D8h
0099h 00D%h
009Ah 00DAh
009Bh 00DBh
009Ch 00DCh
009Dh 00DDh
009Eh 00DEh
009Fh 00DFh
00AOh |UARTO Transmit/Receive Mode Register UOMR 295 00EOh
00Alh |UARTO Bit Rate Register UOBRG 295 00E1lh |[Port P1 Register P1 66
00A2h [UARTO Transmit Buffer Register uoTB 296 00E2h
00A3h 00E3h Port P1 Direction Register PD1 65
00A4h [UARTO Transmit/Receive Control Register 0 | UOCO 297 00E4h
00A5h [UARTO Transmit/Receive Control Register 1 | UOC1 297 00E5h Port P3 Register P3 66
00A6h [UARTO Receive Buffer Register UORB 298 00E6h
00A7h 00E7h Port P3 Direction Register PD3 65
00A8h |UART2 Transmit/Receive Mode Register U2MR 317 00E8h Port P4 Register P4 66
00A9h | UART2 Bit Rate Register U2BRG 317 00ESh
00AAh |UART2 Transmit Buffer Register u2TB 318 00EAh Port P4 Direction Register PD4 65
00ABh 00EBh
00ACh |UART2 Transmit/Receive Control Register 0 |U2C0O 319 00ECh
00ADh |UART2 Transmit/Receive Control Register 1 | U2C1 320 00EDh
00AEh |UART2 Receive Buffer Register U2RB 321 00EEh
00AFh 00EFh
00BOh |UART?2 Digital Filter Function Select Register | URXDF 322 00FOh
00B1h 00F1h
00B2h 00F2h
00B3h 00F3h
00B4h 00F4h
00B5h 00F5h
00B6h 00F6h
00B7h 00F7h
00B8h 00F8h
00B%h 00F9h
00BAh 00FAh
00BBh [UART2 Special Mode Register 5 U2SMR5 322 00FBh
00BCh |UART2 Special Mode Register 4 U2SMR4 323 00FCh
00BDh |UART2 Special Mode Register 3 U2SMR3 323 00FDh
00BEh |UART2 Special Mode Register 2 U2SMR2 324 O00FEh
00BFh | UART2 Special Mode Register U2SMR 324 00FFh

Note:
1. The blank regions are reserved. Do not access locations in these

regions.




Address Register Symbol Page Address Register Symbol Page
0100h | Timer RA Control Register TRACR 190 0140h
0101h |[Timer RA I/O Control Register TRAIOC 190, 193, 196, 0141h

198, 200, 203 0142h
0102h | Timer RA Mode Register TRAMR 191 0143h
0103h | Timer RA Prescaler Register TRAPRE 191 0144h
0104h | Timer RA Register TRA 192 0145h
0105h |[LIN Control Register 2 LINCR2 430 0146h
0106h | LIN Control Register LINCR 431 0147h
0107h |LIN Status Register LINST 431 0148h
0108h | Timer RB Control Register TRBCR 207 0149h
0109h | Timer RB One-Shot Control Register TRBOCR 207 014Ah
010Ah | Timer RB I/O Control Register TRBIOC 208, 211, 215, 014Bh

_ . 218, 222 o1ach
010Bh |Timer RB Mode Register TRBMR 208 014Dh
010Ch [Timer RB Prescaler Register TRBPRE 209 014EN
010Dh |Timer RB Secondary Register TRBSC 209 014Fh
010Eh [Timer RB Primary Register TRBPR 210 0150n
010Fh 0151h
0110h 0152h
0111h 0153h
0112h 0154h
0113h 0155h
0114h 0156h
0115h 0157h
0116h 0158h
0117h 015%h
0118h | Timer RE_Second Data Register / Counter | TRESEC 278, 286 015AN
Data Register
0119h |[Timer RE Minute Data Register / Compare | TREMIN 278, 286 0158h
Data Register 015Ch
011Ah | Timer RE Hour Data Register TREHR 279 015Dh
011Bh |Timer RE Day of Week Data Register TREWK 279 015Eh
011Ch |Timer RE Control Register 1 TRECR1 280, 287 015Fh
011Dh |Timer RE Control Register 2 TRECR2 281, 287 0160h
011Eh |Timer RE Count Source Select Register TRECSR 282, 288 0161h
011Fh 0162h
0120h | Timer RC Mode Register TRCMR 229 0163h
0121h |Timer RC Control Register 1 TRCCR1 230, 251, 260, 0164h
0165h
0122h | Timer RC Interrupt Enable Register TRCIER 230 0166h
0123h | Timer RC Status Register TRCSR 231 0167h
0124h [ Timer RC I/O Control Register 0 TRCIORO 232, 246, 252 0168h
0125h | Timer RC I/O Control Register 1 TRCIOR1 232, 247, 253 0169h
0126h | Timer RC Counter TRC 233 016Ah
0127h 016Bh
0128h | Timer RC General Register A TRCGRA 233 016Ch
0129h 016Dh
012Ah |Timer RC General Register B TRCGRB 233 016Eh
012Bh 016Fh
012Ch |[Timer RC General Register C TRCGRC 233 0170h
012Dh 0171h
012Eh [Timer RC General Register D TRCGRD 233 0172h
012Fh 0173h
0130h | Timer RC Control Register 2 TRCCR2 234, 254, 260, 0174h
267 0175h
0131h Tim(_ar RC Digital Filter Function Select TRCDF 234, 267 0176h
Register
0132h | Timer RC Output Master Enable Register | TRCOER 235 0177h
0133h | Timer RC Trigger Control Register TRCADCR 235 0178h
0179
0134h
01350 017Ah
o13%n 017Bh
0137h 017Ch
o138n 017Dh
0139h 017Eh
013Ah 017Fh
013Bh
013Ch
013Dh
013Eh
013Fh
Note:
1. The blank regions are reserved. Do not access locations in these
regions.



Address Register Symbol Page Address Register Symbol Page
0180h |[Timer RA Pin Select Register TRASR 67,192 01COh [Address Match Interrupt Register O RMADO 143
0181h |[Timer RC Pin Select Register TRBRCSR 67,236 01C1h
0182h | Timer RC Pin Select Register 0 TRCPSRO 68, 237 01C2h
0183h | Timer RC Pin Select Register 1 TRCPSR1 68, 237 01C3h |Address Match Interrupt Enable Register O AIERO 143
0184h 01C4h |[Address Match Interrupt Register 1 RMAD1 143
0185h 01C5h
0186h 01Céh
0187h 01C7h |Address Match Interrupt Enable Register 1 AIER1 143
0188h [UARTO Pin Select Register UOSR 69, 299 01C8h
0189h 01C%h
018Ah [UART2 Pin Select Register 0 U2SRO 70, 325 01CAh
018Bh | UART2 Pin Select Register 1 U2SR1 70, 325 01CBh
018Ch | SSU/IIC Pin Select Register SSUIICSR | 71, 363, 394 01CCh
018Dh 01CDh
018Eh [INT Interrupt Input Pin Select Register INTSR 71,137 01CEh
018Fh |I/O Function Pin Select Register PINSR 72,395 01CFh
0190h 01DOh
0191h 01D1h
0192h 01D2h
0193h |SS Bit Counter Register SSBR 364 01D3h
0194h |SS Transmit Data Register L / [IC bus Transmit | SSTDR / 364, 396 01D4h

Data Regjister ICDRT 01D5h
0195h [ SS Transmit Data Register H SSTDRH 01D6h
0196h |SS Receive Data Register L / IIC bus Receive | SSRDR / 365, 396 01D7h

Data Register ICDRR 01D8h
0197h |SS Receive Data Register H SSRDRH 01D9h
0198h |SS (_:ontrol Register H / 1IC bus Control SSCRH/ 365, 397 O1DAh

Register 1 ICCR1
0199h | SS Control Register L/ 1IC bus Control Register 2| SSCRL / 366, 398 01DBh

ICCR2 01DCh
019Ah |SS Mode Register / IIC bus Mode Register SSMR / 367, 399 01DDh
ICMR 01DEh

019Bh [SS Enable Register / IIC bus Interrupt Enable |SSER/ 368, 400 01DFh

Register ICIER 01EOh | Pull-Up Control Register 0 PURO 73
019Ch |SS Status Register / IIC bus Status Register SSSR/ICSR| 369, 401 01E1h |Pull-Up Control Register 1 PURL 73
019Dh |SS Mode Register 2 / Slave Address Register gi:\QARZ / 370, 402 01E2h
019Eh O1E3h
019Fh O1E4h
01AOh O1ESh
01Alh O1E6h
01A2h O1E7h
01A3h O1E8h
01A4h O1ESh
01A5h O1EAR
01A6h O1EBh
01A7h O1ECh
01A8h O1EDR
01A%h O1EER
01AAh O1EFh _ . :
01ABh 01FOh | Port P1 Drive Capacity Control Register P1DRR 74

01ACh O1F1h . . .
01ADh 01F2h | Drive Capacity Control Register O DRRO 75
OLAER 01F3h | Drive Capacity Control Register 1 DRR1 75
01AFh O1F4h
0180h 01F5h |Input Threshold Control Register O VLTO 76

01F6h |Input Threshold Control Register 1 VLT1 76
01B1h
01B2h |Flash Memory Status Register FST 479 O1F7h -
01Bah 01F8h | Comparator B Control Register 0 INTCMP 469
01B4h |Flash Memory Control Register O FMRO 481 O1Foh -
01B5n | Flash Memory Control Register 1 EMRL 283 01FAh [External Input Enable Register 0 INTEN 138, 469
01B6h |Flash Memory Control Register 2 FMR2 485 01FBh - .
01B7h 01FCh [INT Input Filter Select Register 0 INTF 138, 470
o1iB8h 01FDh .
01B9h 01FEh |[Key Input Enable Register 0 KIEN 141
O1BAR 01FFh
01BBh

01BCh
01BDh
01BEh

Note:
1. The blank regions are reserved. Do not access locations in these

regions.




Address Register Symbol Page Address Register Symbol Page
2C00h |DTC Transfer Vector Area 2C70h [DTC Control Data 6 DTCD6
2C01h |DTC Transfer Vector Area 2C71h
2C02h |DTC Transfer Vector Area 2C72h
2C03h |DTC Transfer Vector Area 2C73h
2C04h |DTC Transfer Vector Area 2C74h
2C05h | DTC Transfer Vector Area 2C75h
2C06h |DTC Transfer Vector Area 2C76h
2C07h | DTC Transfer Vector Area 2C77h
2C08h |DTC Transfer Vector Area 2C78h [DTC Control Data 7 DTCD7
2C09%h |DTC Transfer Vector Area 2C79h
2CO0Ah [ DTC Transfer Vector Area 2C7Ah

: DTC Transfer Vector Area 2C7Bh
: DTC Transfer Vector Area 2C7Ch
2C3Ah | DTC Transfer Vector Area 2C7Dh
2C3Bh |DTC Transfer Vector Area 2C7Eh
2C3Ch | DTC Transfer Vector Area 2C7Fh
2C3Dh | DTC Transfer Vector Area 2C80h [DTC Control Data 8 DTCD8
2C3Eh |DTC Transfer Vector Area 2C81h
2C3Fh |DTC Transfer Vector Area 2C82h
2C40h |DTC Control Data 0 DTCDO 2C83h
2C41h 2C84h
2C42h 2C85h
2C43h 2C86h
2C44h 2C87h
2C45h 2C88h [DTC Control Data 9 DTCD9
2C46h 2C8%h
2C47h 2C8Ah
2C48h | DTC Control Data 1 DTCD1 2C8Bh
2C49h 2C8Ch
2C4Ah 2C8Dh
2C4Bh 2C8Eh
2C4Ch 2C8Fh
2C4Dh 2C90h [DTC Control Data 10 DTCD10
2C4Eh 2C91h
2C4Fh 2C92h
2C50h | DTC Control Data 2 DTCD2 2C93h
2C51h 2C94h
2C52h 2C95h
2C53h 2C96h
2C54h 2C97h
2C55h 2C98h [DTC Control Data 11 DTCD11
2C56h 2C9%h
2C57h 2C9Ah
2C58h | DTC Control Data 3 DTCD3 2C9Bh
2C5% 2C9Ch
2C5Ah 2C9Dh
2C5Bh 2C9Eh
2C5Ch 2C9Fh
2C5Dh 2CAOh |DTC Control Data 12 DTCD12
2C5Eh 2CA1lh
2C5Fh 2CA2h
2C60h | DTC Control Data 4 DTCD4 2CA3h
2C61h 2CA4h
2C62h 2CA5h
2C63h 2CABh
2C64h 2CA7h
2C65h 2CA8h |DTC Control Data 13 DTCD13
2C66h 2CA9h
2C67h 2CAAh
2C68h | DTC Control Data 5 DTCD5 2CABh
2C69h 2CACh
2C6Ah 2CADh
2C6Bh 2CAEh
2C6Ch 2CAFh
2C6Dh
2C6Eh
2C6Fh
Note:
1. The blank regions are reserved. Do not access locations in these

regions.




Address

Register

Symbol

Page

Address

Register

Symbol

Page

2CBOh

DTC Control Data 14

2CB1h

2CB2h

2CB3h

2CB4h

2CB5h

2CB6h

2CB7h

DTCD14

2CFOh

DTC Control Data 22

2CF1h

2CF2h

2CF3h

2CF4h

2CF5h

2CF6h

2CF7h

DTCD22

2CB8h

DTC Control Data 15

2CB9%h

2CBAh

2CBBh

2CBCh

2CBDh

2CBEh

2CBFh

DTCD15

2CF8h

DTC Control Data 23

2CF9h

2CFAh

2CFBh

2CFCh

2CFDh

2CFEh

2CFFh

DTCD23

2CCOh

DTC Control Data 16

2CC1h

2CC2h

2CC3h

2CC4h

2CCsh

2CCéh

2CC7h

DTCD16

2D00h

2D01h

FFDBh

|Option Function Select Register 2

[OFs2

| 30,155, 162]

‘ FFFFh

IOption Function Select Register

IOFS

|

29, 48, 154
161, 477

2CCsh

DTC Control Data 17

2CCoh

2CCAh

2CCBh

2CCCh

2CCDh

2CCEh

2CCFh

DTCD17

2CDOh

DTC Control Data 18

2CD1h

2CD2h

2CD3h

2CD4h

2CD5h

2CD6h

2CD7h

DTCD18

2CD8h

DTC Control Data 19

2CD%h

2CDAh

2CDBh

2CDCh

2CDDh

2CDEh

2CDFh

DTCD19

2CEOh

DTC Control Data 20

2CE1lh

2CE2h

2CE3h

2CE4h

2CES5h

2CE6h

2CE7h

DTCD20

2CE8h

DTC Control Data 21

2CES9h

2CEAh

2CEBh

2CECh

2CEDh

2CEEh

2CEFh

DTCD21

Note:
1.

The blank regions are reserved. Do not access locations in these

regions.
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R8C/32C Group REJO9B0573-0100

RENESAS MCU Rev.1.00
Dec. 18, 2009

1. Overview

1.1 Features

The R8C/32C Group of single-chip MCUs incorporates the R8C CPU core, employing sophisticated instructions
for ahigh level of efficiency. With 1 Mbyte of address space, and it is capable of executing instructions at high
speed. In addition, the CPU core boasts a multiplier for high-speed operation processing.

Power consumption is low, and the supported operating modes allow additional power control. These MCUs are
designed to maximize EMI/EMS performance.

Integration of many peripheral functions, including multifunction timer and serial interface, reduces the number of
system components.

The R8C/32C Group has data flash (1 KB x 4 blocks) with the background operation (BGO) function.

1.1.1  Applications
Electronic household appliances, office equipment, audio equipment, consumer equipment, etc.
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R8C/32C Group

1. Overview

1.1.2

Specifications

Tables 1.1 and 1.2 outline the Specifications for R8C/32C Group.

Table 1.1 Specifications for R8C/32C Group (1)
ltem Function Specification
CPU Central processing | R8C CPU core
unit * Number of fundamental instructions: 89
» Minimum instruction execution time:
50 ns (f(XIN) = 20 MHz, VCC = 2.7t0 5.5 V)
200 ns (f(XIN) =5 MHz, VCC = 1.8t0 5.5 V)
« Multiplier: 16 bits x 16 bits — 32 bits
« Multiply-accumulate instruction: 16 bits x 16 bits + 32 bits — 32 bits
« Operation mode: Single-chip mode (address space: 1 Mbyte)
Memory ROM, RAM, Data |Refer to Table 1.3 Product List for R8C/32C Group.
flash
Power Supply | Voltage detection |+ Power-on reset
Voltage circuit « Voltage detection 3 (detection level of voltage detection 0 and voltage
Detection detection 1 selectable)
I/O Ports Programmable I/O |+ Input-only: 1 pin
ports * CMOS I/O ports: 15, selectable pull-up resistor
 High current drive ports: 15
Clock Clock generation 4 circuits: XIN clock oscillation circuit,
circuits XCIN clock oscillation circuit (32 kHz)
High-speed on-chip oscillator (with frequency adjustment function),
Low-speed on-chip oscillator,
« Oscillation stop detection: XIN clock oscillation stop detection function
» Frequency divider circuit: Dividing selectable 1, 2, 4, 8, and 16
» Low power consumption modes:
Standard operating mode (high-speed clock, low-speed clock, high-speed
on-chip oscillator, low-speed on-chip oscillator), wait mode, stop mode
Real-time clock (timer RE)
Interrupts » Number of interrupt vectors: 69

« External Interrupt: 7 (INT x 3, Key input x 4)
* Priority levels: 7 levels

Watchdog Timer

14 bits x 1 (with prescaler)
* Reset start selectable
» Low-speed on-chip oscillator for watchdog timer selectable

DTC (Data Transfer Controller)

* 1 channel
« Activation sources: 21
» Transfer modes: 2 (hormal mode, repeat mode)

Timer

Timer RA

8 bits x 1 (with 8-bit prescaler)
Timer mode (period timer), pulse output mode (output level inverted every
period), event counter mode, pulse width measurement mode, pulse period
measurement mode

Timer RB

8 bits x 1 (with 8-bit prescaler)
Timer mode (period timer), programmable waveform generation mode (PWM

output), programmable one-shot generation mode, programmable wait one-
shot generation mode

Timer RC

16 bits x 1 (with 4 capture/compare registers)
Timer mode (input capture function, output compare function), PWM mode

(output 3 pins), PWM2 mode (PWM output pin)

Timer RE

8 bits x 1
Real-time clock mode (count seconds, minutes, hours, days of week), output
compare mode

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
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R8C/32C Group 1. Overview

Table 1.2 Specifications for R8C/32C Group (2)

Item Function Specification

Serial UARTO Clock synchronous serial I/O/UART

Interface UART2 Clock synchronous serial I/O/UART, 12C mode (12C-bus),
multiprocessor communication function

Synchronous Serial 1 (shared with 12C-bus)

Communication Unit (SSU)

12C bus 1 (shared with SSU)

LIN Module Hardware LIN: 1 (timer RA, UARTO)

A/D Converter 10-(tj)it resolution x 4 channels, includes sample and hold function, with sweep
mode

Comparator B 2 circuits

Flash Memory » Programming and erasure voltage: VCC =2.7t0 5.5V

* Programming and erasure endurance: 10,000 times (data flash)
1,000 times (program ROM)

» Program security: ROM code protect, ID code check

« Debug functions: On-chip debug, on-board flash rewrite function

» Background operation (BGO) function

Operating Frequency/Supply f(XIN) =20 MHz (VCC =2.7t0 5.5 V)
Voltage f(XIN) =5 MHz (VCC =1.8t0 5.5 V)
Current consumption Typ. 6.5 mA (VCC = 5.0V, f(XIN) = 20 MHz)

Typ. 3.5 mA (VCC = 3.0 V, f(XIN) = 10 MHz)

Typ. 3.5 pA (VCC = 3.0 V, wait mode (f(XCIN) = 32 kHz))
Typ. 2.0 pA (VCC = 3.0 V, stop mode)

Operating Ambient Temperature |-20 to 85°C (N version)

-40 to 85°C (D version) (1)

Package 20-pin LSSOP

Package code: PLSP0020JB-A (previous code: 20P2F-A)

Note:
1. Specify the D version if D version functions are to be used.
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R8C/32C Group 1. Overview

1.2 Product List

Table 1.3 lists Product List for R8C/32C Group, and Figure 1.1 shows a Part Number, Memory Size, and Package
of R8C/32C Group.

Table 1.3 Product List for R8C/32C Group Current of Dec. 2009
ROM Capacity RAM
Part No. Program ROM Data flash Capacity Package Type Remarks

R5F21321CNSP 4 Kbytes 1 Kbyte x 4 512 bytes PLSP0020JB-A | N version
R5F21322CNSP 8 Kbytes 1 Kbyte x 4 1 Kbyte PLSP0020JB-A

R5F21324CNSP 16 Kbytes 1 Kbyte x 4 1.5 Kbytes |PLSP0020JB-A

R5F21321CDSP (D) |4 Kbytes 1 Kbyte x 4 512 bytes PLSP0020JB-A | D version
R5F21322CDSP (D) |8 Kbytes 1 Kbyte x 4 1 Kbyte PLSP0020JB-A

R5F21324CDSP (D) |16 Kbytes 1 Kbyte x 4 1.5 Kbytes |PLSP0020JB-A

(D): Under development

Part No. R5F 21324 CNSP

L

Package type:
SP: PLSP0020JB-A (0.65 mm pin-pitch)

Classification
N: Operating ambient temperature -20°C to 85°C
D: Operating ambient temperature -40°C to 85°C

t—P—————— ROM capacity
1: 4 KB
2:8KB
4:16 KB

R8C/32C Group

R8C/3x Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1 Part Number, Memory Size, and Package of R8C/32C Group
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R8C/32C Group 1. Overview
1.3 Block Diagram
Figure 1.2 shows a Block Diagram.
A N
4 v Y vy
/0 ports | PortP1 | [ PortP3 | [ PortP4 |
Peripheral functions
i UART or
Timers clock synchronous serial I/O System clock generation
8 bits x 2 ircui
Timer RA (8 bits x 1) (8 bits x2) cireutt
Timer RB (8 bits x 1) XIN-XOUT
Timer RC (16 bits x 1) 12C bus or SSU High-speed on-chip oscillator
Timer RE (8 bits x 1) (8 bits x 1) Low-speed on-chip oscillator
XCIN-XCOUT
Watchdog timer LIN module
(14 bits) Low-speed on-chip oscillator
for watchdog timer
Comparator B
A/D converter
(10 bits x 4 channels) Voltage detection circuit
DTC
R8C CPU core Memory
ROH [ ROL SB ROM @
RiH [ RIL Usp
R2
R3 ISP
RAM @
A0
AL
FB I FLG |
Multiplier
- J
Notes:
1. ROM size varies with MCU type.
2. RAM size varies with MCU type.
Figure 1.2 Block Diagram
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R8C/32C Group 1. Overview

1.4 Pin Assignment
Figure 1.3 shows Pin Assignment (Top View). Table 1.4 outlines the Pin Name Information by Pin Number.

P4_2/VREF —m= Q 20 |«-» P1_0/ANS/KIO(TRCIOD)
MODE <9 | 19]«» P1_1/AN9/KTI(TRCIOATRCTRG)
RESET —» - 18 |« PL_2/AN10/KTZ('TRCIOB)
P4_7/XOUT(/XCOUT) <» 2 3 | 17 |«» P1_3/AN11/KI3/TRBO(TRCIOC)
vssiavss —»[5_| 88 3 @ | 16> P1_4(TXDO/TRCCLK)
P4_6/XINUXCIN) <»[6__| 5 T § 0 | 15 ]-» P1_5(INTI/RXDO/TRAIO)
veeiavee —»[7_| g2 @ S 14 |- P1_6/IVREF1(/CLKO)
P3_7/SDA/SSO/TRAO(/RXD2/SCL2/TXD2/SDA2) <+ > 5 El‘* P1_7/IVCMP1/INTI(/TRAIO)
P3_5/SCLISSCK(/CLK2/TRCIOD) <9 _| 12 |«» P4_5/ADTRG/INTO(/RXD2/SCL2)
P3_4/IVREF3/SSI(/RXD2/SCL2/TXD2/SDA2/TRCIOC) E‘* P3_3/IVCMP3/INT3/SCS(/CTS2/RTS2/TRCCLK)
Notes:

1. Can be assigned to the pin in parentheses by a program.
2. Confirm the pin 1 position on the package by referring to the package dimensions.

Figure 1.3 Pin Assignment (Top View)
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R8C/32C Group

1. Overview

Table 1.4 Pin Name Information by Pin Number
i I/O Pin Functions for Peripheral Modules
in .
Control Pin Port i 2
Number Interrupt Timer Serial SsuU 12C A/D Converter,
Interface bus Comparator B
1 P4 2 VREF
2 MODE
3 RESET
4 XOUT(/XCOUT) | P4_7
5 VSS/AVSS
6 XIN(/XCIN) P4 6
7 VCC/AVCC
8 P3 7 TRAO (RXD2/SCL2/ | SSO SDA
TXD2/SDA2)
9 P3 5 (TRCIOD) (CLK2) SSCK | scL
10 P3 4 (TRCIOC) | (RXD2/SCL2/| SSI IVREF3
TXD2/SDA2)
11 P33 | iNT3 | (TRCCLK) | (CTS2/RTS2) | SCS IVCMP3
13 PL7 | iNT1 | (TRAIO) IVCMP1
14 P16 (CLKO) IVREF1
15 P15 | (NT1) | (TRAIO) (RXDO)
16 P1 4 (TRCCLK) (TXDO)
17 P1_3 K3 TRBO AN11
(/TRCIOC)
18 PL2 | Kk |(TRCIOB) AN10
19 P11 | k1 | (TRCIOA/ AN9
TRCTRG)
20 P10 KIO (TRCIOD) ANS8
Note:

1. Can be assigned to the pin in parentheses by a program.
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R8C/32C Group

1. Overview

15

Pin Functions

Tables 1.5 and 1.6 list Pin Functions.

Table 1.5 Pin Functions (1)
Item Pin Name I/0 Type Description
Power supply input | VCC, VSS - Apply 1.8 V to 5.5 V to the VCC pin. Apply 0 V to the VSS pin.
Analog power AVCC, AVSS - Power supply for the A/D converter.
supply input Connect a capacitor between AVCC and AVSS.
Reset input RESET | Input “L” on this pin resets the MCU.
MODE MODE | Connect this pin to VCC via a resistor.
XIN clock input XIN | These pins are provided for XIN clock generation circuit 1/O.
Connect a ceramic resonator or a crystal oscillator between
IO e e o ol ok
XCIN clock input XCIN | These pins are provided for XCIN clock generation circuit I/O.
Connect a crystal oscillator between the XCIN and XCOUT
XCIN clock output | XCOUT @] pins (1), To use an external clock, input it to the XCIN pin and
leave the XCOUT pin open.
INT interrupt input m, ﬁ, INT3 | W_Tinterrupt input pins.
INTO is timer RB, and RC input pin.
Key input interrupt | K]0 to KI3 | Key input interrupt input pins
Timer RA TRAIO 1/0 Timer RA I/O pin
TRAO (0] Timer RA output pin
Timer RB TRBO (0] Timer RB output pin
Timer RC TRCCLK | External clock input pin
TRCTRG | External trigger input pin
TRCIOA, TRCIOB, I/O | Timer RC I/O pins
TRCIOC, TRCIOD
Serial interface CLKO, CLK2 1/0 Transfer clock 1/0 pins
RXDO0, RXD2 I Serial data input pins
TXDO, TXD2 (0] Serial data output pins
CTS2 I Transmission control input pin
RTS2 o Reception control output pin
SCL2 I/0 | 12C mode clock I/O pin
SDA2 110 12C mode data I/O pin
I2C bus SCL 1/0 Clock I/0 pin
SDA 1/0 Data /O pin
SSuU SSi I/0 Data I/O pin
scs I/O | Chip-select signal I/O pin
SSCK 110 Clock 1/0 pin
SSO I/0 Data I/O pin
I: Input O: Output 1/0: Input and output
Note:

1. Refer to the oscillator manufacturer for oscillation characteristics.
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R8C/32C Group

1. Overview

Table 1.6 Pin Functions (2)
Item Pin Name 1/0 Type Description
Reference voltage input | VREF | Reference voltage input pin to A/D converter
A/D converter AN8 to AN11 | Analog input pins to A/D converter
ADTRG | A/D external trigger input pin
Comparator B IVCMP1, IVCMP3 | Comparator B analog voltage input pins
IVREF1, IVREF3 I Comparator B reference voltage input pins
I/O port P1 Oto P1_7, I/O CMOS 1/0 ports. Each port has an 1/O select direction
P3_3to P3_5, P3_7, register, allowing each pin in the port to be directed for
P4 5toP4_7 input or output individually.
Any port set to input can be set to use a pull-up resistor
or not by a program.
All ports can be used as LED drive ports.
Input port P4 2 | Input-only port
I: Input O: Output 1/O: Input and output
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R8C/32C Group

2. Central Processing Unit (CPU)

2.

Figure 2.1 shows the CPU Registers. The CPU contains 13 registers. RO, R1, R2, R3, A0, A1, and FB configure a
register bank. There are two sets of register bank.

Central Processing Unit (CPU)

b3 _ b15 b8b7 b
L R2 ROH (high-order of RO)| ROL (low-order of RO)
!_ ________ R § ________ R1H (high-order of R1)[ R1L (low-order of Rl)_
H Data registers @
R2 9
R3 |
AO I )
1 Address registers
Al
FB Frame base register @
b19 b15 b0
| INTBH | INTBL | Interrupt table register
The 4 high order bits of INTB are INTBH and
the 16 low order bits of INTB are INTBL.
b19 b0
| PC | Program counter
b15 b0
USP User stack pointer
ISP Interrupt stack pointer
SB Static base register
b15 b0
| FLG | Flag register
______ h
blg.---="" b8 b7 bo}
[T PL T T 11 [ulifole[s[z[o]c
\— Carry flag
Debug flag
Zero flag
Sign flag
Register bank select flag
Overflow flag
Interrupt enable flag
Stack pointer select flag
Reserved bit
Processor interrupt priority level
Reserved bit
Note:
1. These registers comprise a register bank. There are two register banks.
Figure 2.1 CPU Registers
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R8C/32C Group 2. Central Processing Unit (CPU)

2.1 Data Registers (RO, R1, R2, and R3)

RO is a 16-bit register for transfer, arithmetic, and logic operations. The same appliesto R1 to R3. RO can be split
into high-order bits (ROH) and low-order bits (ROL) to be used separately as 8-bit data registers. R1H and R1L are
analogous to ROH and ROL. R2 can be combined with RO and used as a 32-bit data register (R2R0). R3R1 is
analogous to R2R0.

2.2 Address Registers (A0 and Al)

A0 is a 16-bit register for address register indirect addressing and address register relative addressing. It is aso
used for transfer, arithmetic, and logic operations. Al isanalogousto A0. A1 can be combined with AO and as a 32-
bit address register (A1AO0).

2.3 Frame Base Register (FB)
FB isa16-bit register for FB relative addressing.

2.4 Interrupt Table Register (INTB)
INTB isa 20-bit register that indicates the starting address of an interrupt vector table.

2.5 Program Counter (PC)
PC is 20 bits wide and indicates the address of the next instruction to be executed.

2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

The stack pointers (SP), USP and ISP, are each 16 bitswide. The U flag of FLG is used to switch between
USP and ISP.

2.7 Static Base Register (SB)
SB isa 16-hit register for SB relative addressing.

2.8 Flag Register (FLG)
FLG isan 11-bit register indicating the CPU state.

2.8.1 Carry Flag (C)
The C flag retains carry, borrow, or shift-out bits that have been generated by the arithmetic and logic unit.

28.2 Debug Flag (D)
The D flag isfor debugging only. Set it to 0.

2.8.3 Zero Flag (2)
The Z flag is set to 1 when an arithmetic operation results in O; otherwise to 0.

2.8.4  Sign Flag (S)

The Sflag is set to 1 when an arithmetic operation results in a negative value; otherwise to 0.

2.8.5 Register Bank Select Flag (B)
Register bank 0 is selected when the B flag is 0. Register bank 1 is selected when thisflag is set to 1.

2.8.6 Overflow Flag (O)
The O flag is set to 1 when an operation resultsin an overflow; otherwise to 0.
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R8C/32C Group 2. Central Processing Unit (CPU)

2.8.7 Interrupt Enable Flag (1)

The | flag enables maskable interrupts.
Interrupts are disabled when the | flag is set to 0, and are enabled when the | flagissetto 1. Thel flagissetto O
when an interrupt request is acknowledged.

2.8.8 Stack Pointer Select Flag (U)

ISP is selected when the U flag is set to 0; USP is selected when the U flag is set to 1.
The U flag is set to 0 when a hardware interrupt request is acknowledged or the INT instruction of software
interrupt numbers 0 to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)

IPL is 3 bits wide and assigns processor interrupt priority levels from level 0to level 7.
If arequested interrupt has higher priority than IPL, the interrupt is enabled.

2.8.10 Reserved Bit
If necessary, set to 0. When read, the content is undefined.
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R8C/32C Group 3. Memory

3. Memory

3.1 R8C/32C Group

Figure 3.1 isaMemory Map of R8C/32C Group. The R8C/32C Group has a 1-Mbyte address space from addresses
00000h to FFFFFh. The internal ROM (program ROM) is allocated lower addresses, beginning with address
OFFFFh. For example, a 16-Kbyte internal ROM areais allocated addresses 0C000h to OFFFFh.

The fixed interrupt vector table is allocated addresses OFFDCh to OFFFFh. The starting address of each interrupt
routine is stored here.

Theinternal ROM (data flash) is allocated addresses 03000h to O3FFFh.

Theinternal RAM is allocated higher addresses, beginning with address 00400h. For example, a 1.5-Kbyte internal
RAM areais alocated addresses 00400h to 009FFh. Theinternal RAM is used not only for data storage but also as
a stack areawhen a subroutine is called or when an interrupt request is acknowledged.

Special function registers (SFRs) are allocated addresses 00000h to 002FFh and 02C00h to 02FFFh. Peripheral
function control registers are allocated here. All unallocated spaces within the SFRs are reserved and cannot be

accessed by users.
00000h SFR
(Refer to 4. Special
Function Registers
002FFh (SFRs))
00400h
Internal RAM 7 OFFDgh
OXXXXh Reserved area
02C00h SER ,."" OFEDCh E - - - -
(Refer to 4 Special Function ,-" E Undefined instruction E
02FFFh Registers (SFRs)) E O\‘/erﬂowA E
03000h = BRK instruction =
('gtelmfﬁl" Rh())'(\f) E Address match 3
ata flasl = I =
03FFFh S : _Single step 3
= Watchdog timer, oscillation stop detection, voltage monitor o
0YYYYh = =
Internal ROM E (Eeserveg) =
(program ROM) K E (Reserved) =
OFFFFh OFEEFFh E Reset =
Internal ROM
(program ROM)
h
FFFFFh
Notes:

1. Data flash indicates block A (1 Kbyte), block B (1 Kbyte), block C (1 Kbyte), and block D (1 Kbyte).
2. The blank areas are reserved and cannot be accessed by users.

Internal ROM Internal RAM
Part Number Size Address OYYYYh | Address ZZZZZh Size Address 0XXXXh
R5F21321CNFP, R5F21321CDFP 4 Kbytes OF000h - 512 bytes 005FFh
R5F21322CNFP, R5F21322CDFP 8 Kbytes 0E00Oh — 1 Kbyte 007FFh
R5F21324CNFP, R5F21324CDFP 16 Kbytes 0CO000h — 1.5 Kbytes 009FFh

Figure 3.1 Memory Map of R8C/32C Group
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R8C/32C Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

An SFR (special function register) is a control register for a peripheral function. Tables 4.1 to 4.12 list the special
function registers and Table 4.13 lists the ID Code Areas and Option Function Select Area.

Table 4.1 SFR Information (1) (D

Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 PMO 00h
0005h Processor Mode Register 1 PM1 00h
0006h System Clock Control Register 0 CMO 00101000b
0007h System Clock Control Register 1 CM1 00100000b
0008h Module Standby Control Register MSTCR 00h
0009h System Clock Control Register 3 CM3 00h
000Ah Protect Register PRCR 00h
000Bh Reset Source Determination Register RSTFR OXXXXXXXDb (2)
000Ch Oscillation Stop Detection Register OCD 00000100b
000Dh Watchdog Timer Reset Register WDTR XXh
000Eh Watchdog Timer Start Register WDTS XXh
000Fh Watchdog Timer Control Register WDTC 00111111b
0010h
0011h
0012h
0013h
0014h
0015h High-Speed On-Chip Oscillator Control Register 7 FRA7 When shipping
0016h
0017h
0018h
0019h
001Ah
001Bh
001Ch Count Source Protection Mode Register CSPR 00h
10000000b (3)
001Dh
001Eh
001Fh
0020h
0021h
0022h
0023h High-Speed On-Chip Oscillator Control Register 0 FRAO 00h
0024h High-Speed On-Chip Oscillator Control Register 1 FRA1 When shipping
0025h High-Speed On-Chip Oscillator Control Register 2 FRA2 00h
0026h On-Chip Reference Voltage Control Register OCVREFCR 00h
0027h
0028h Clock Prescaler Reset Flag CPSRF 00h
0029h High-Speed On-Chip Oscillator Control Register 4 FRA4 When Shipping
002Ah High-Speed On-Chip Oscillator Control Register 5 FRA5 When Shipping
002Bh High-Speed On-Chip Oscillator Control Register 6 FRA6 When Shipping
002Ch
002Dh
002Eh
002Fh High-Speed On-Chip Oscillator Control Register 3 FRA3 When shipping
0030h Voltage Monitor Circuit Control Register CMPA 00h
0031h Voltage Monitor Circuit Edge Select Register VCAC 00h
0032h
0033h Voltage Detect Register 1 VCA1l 00001000b
0034h Voltage Detect Register 2 VCA2 00h 4
00100000b ()
0035h
0036h Voltage Detection 1 Level Select Register VD1LS 00000111b
0037h
0038h Voltage Monitor 0 Circuit Control Register VWO0C 1100X010b 4
1100X011b )
0039h Voltage Monitor 1 Circuit Control Register VWI1C 10001010b
X: Undefined
Notes:

1. The blank areas are reserved and cannot be accessed by users.

2. The CWR bit in the RSTFR register is set to 0 after power-on and voltage monitor O reset. Hardware reset, software reset, or watchdog timer
reset does not affect this bit.

3. The CSPROINI bit in the OFS register is set to 0.

4. The LVDAS bit in the OFS register is set to 1.

5. The LVDAS bit in the OFS register is set to 0.
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R8C/32C Group 4. Special Function Registers (SFRs)

Table 4.2 SFR Information (2) (1)

Address Register Symbol After Reset
003Ah Voltage Monitor 2 Circuit Control Register vw2C 10000010b
003Bh
003Ch
003Dh
003Eh
003Fh
0040h
0041h Flash Memory Ready Interrupt Control Register FMRDYIC XXXXX000b
0042h
0043h
0044h
0045h
0046h
0047h Timer RC Interrupt Control Register TRCIC XXXXX000b
0048h
0049h
004Ah Timer RE Interrupt Control Register TREIC XXXXX000b
004Bh UART2 Transmit Interrupt Control Register S2TIC XXXXX000b
004Ch UART2 Receive Interrupt Control Register S2RIC XXXXX000b
004Dh Key Input Interrupt Control Register KUPIC XXXXX000b
004Eh A/D Conversion Interrupt Control Register ADIC XXXXX000b
004Fh SSU Interrupt Control Register / 1IC bus Interrupt Control Register (2) SSuIC/licIC XXXXX000b
0050h
0051h UARTO Transmit Interrupt Control Register SOTIC XXXXX000b
0052h UARTO Receive Interrupt Control Register SORIC XXXXX000b
0053h
0054h
0055h
0056h Timer RA Interrupt Control Register TRAIC XXXXX000b
0057h
0058h Timer RB Interrupt Control Register TRBIC XXXXX000b
0059h INT1 Interrupt Control Register INT1IC XX00X000b
005Ah INT3 Interrupt Control Register INT3IC XX00X000b
005Bh
005Ch
005Dh INTO Interrupt Control Register INTOIC XX00X000b
005Eh UART?2 Bus Collision Detection Interrupt Control Register U2BCNIC XXXXX000b
005Fh
0060h
0061h
0062h
0063h
0064h
0065h
0066h
0067h
0068h
0069h
006Ah
006Bh
006Ch
006Dh
006Eh
006Fh
0070h
0071h
0072h Voltage Monitor 1 Interrupt Control Register VCMP1IC XXXXX000b
0073h Voltage Monitor 2 Interrupt Control Register VCMP2IC XXXXX000b
0074h
0075h
0076h
0077h
0078h
0079
007Ah
007Bh
007Ch
007Dh
007Eh
007Fh

X: Undefined

Notes:

1. The blank areas are reserved and cannot be accessed by users.
2. Selectable by the IICSEL bit in the SSUIICSR register.

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 15 of 573



R8C/32C Group 4. Special Function Registers (SFRs)

Table 4.3 SFR Information (3) (1)

Address Register Symbol After Reset
0080h DTC Activation Control Register DTCTL 00h
0081h
0082h
0083h
0084h
0085h
0086h
0087h
0088h DTC Activation Enable Register 0 DTCENO 00h
0089h DTC Activation Enable Register 1 DTCEN1 00h
008Ah DTC Activation Enable Register 2 DTCEN2 00h
008Bh DTC Activation Enable Register 3 DTCEN3 00h
008Ch
008Dh DTC Activation Enable Register 5 DTCENS5 00h
008Eh DTC Activation Enable Register 6 DTCENG6 00h
008Fh
0090h
0091h
0092h
0093h
0094h
0095h
0096h
0097h
0098h
0099h
009Ah
009Bh
009Ch
009Dh
009Eh
009Fh
00AOh UARTO Transmit / Receive Mode Register UOMR 00h
00A1h UARTO Bit Rate Register UOBRG XXh
00A2h UARTO Transmit Buffer Register uoTB XXh
00A3h XXh
00A4h UARTO Transmit / Receive Control Register 0 uoco 00001000b
00A5h UARTO Transmit / Receive Control Register 1 uoC1 00000010b
00A6h UARTO Receive Buffer Register UORB XXh
00A7h XXh
00A8h UART2 Transmit / Receive Mode Register U2MR 00h
00A%h UART?2 Bit Rate Register U2BRG XXh
00AAh UART?2 Transmit Buffer Register u2TB XXh
00ABh XXh
00ACh UART2 Transmit / Receive Control Register O u2co 00001000b
00ADh UART2 Transmit / Receive Control Register 1 u2C1 00000010b
00AEh UART?2 Receive Buffer Register U2RB XXh
00AFh XXh
00BOh UART?2 Digital Filter Function Select Register URXDF 00h
00B1lh
00B2h
00B3h
00B4h
00B5h
00B6h
00B7h
00B8h
00B9h
00BAh
00BBh UART2 Special Mode Register 5 U2SMR5 00h
00BCh UART?2 Special Mode Register 4 U2SMR4 00h
00BDh UART2 Special Mode Register 3 U2SMR3 000X0X0Xb
00BEh UART?2 Special Mode Register 2 U2SMR2 X0000000b
00BFh UART2 Special Mode Register U2SMR X0000000b
X: Undefined
Note:
1. The blank areas are reserved and cannot be accessed by users.
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R8C/32C Group 4. Special Function Registers (SFRs)

Table 4.4 SFR Information (4) (1)

Address Register Symbol After Reset
00COh AID Register 0 ADO XXh

00C1h 000000XXb
00C2h AID Register 1 AD1 XXh

00C3h 000000XXb
00C4h A/D Register 2 AD2 XXh

00C5h 000000XXb
00C6h A/D Register 3 AD3 XXh

00C7h 000000XXb
00C8h A/D Register 4 AD4 XXh

00C9%h 000000XXb
00CAh A/D Register 5 AD5 XXh

00CBh 000000XXb
00CCh AID Register 6 AD6 XXh

00CDh 000000XXb
00CEh AID Register 7 AD7 XXh

00CFh 000000XXb
00DOh
00D1h
00D2h
00D3h
00D4h A/D Mode Register ADMOD 00h

00D5h A/D Input Select Register ADINSEL 11000000b
00D6h A/D Control Register 0 ADCONO 00h

00D7h A/D Control Register 1 ADCON1 00h

00D8h
00D9%h
00DAh
00DBh
00DCh
00DDh
00DEh
00DFh
00EOh
00E1h Port P1 Register P1 XXh
00E2h
00E3h Port P1 Direction Register PD1 00h
00E4h
00E5h Port P3 Register P3 XXh
00E6h
00E7h Port P3 Direction Register PD3 00h
00E8h Port P4 Register P4 XXh
00ESh
00EAh Port P4 Direction Register PD4 00h
00EBh
00ECh
00EDh
00EEh
00EFh
00FOh
00F1h
00F2h
00F3h
00F4h
00F5h
00F6h
00F7h
00F8h
00F9h
00FAh
00FBh
00FCh
00FDh
00FEh
00FFh
X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/32C Group 4. Special Function Registers (SFRs)

Table 4.5 SFR Information (5) @)

Address Register Symbol After Reset
0100h Timer RA Control Register TRACR 00h

0101h Timer RA 1/0O Control Register TRAIOC 00h

0102h Timer RA Mode Register TRAMR 00h

0103h Timer RA Prescaler Register TRAPRE FFh

0104h Timer RA Register TRA FFh

0105h LIN Control Register 2 LINCR2 00h

0106h LIN Control Register LINCR 00h

0107h LIN Status Register LINST 00h

0108h Timer RB Control Register TRBCR 00h

0109h Timer RB One-Shot Control Register TRBOCR 00h

010Ah Timer RB I/O Control Register TRBIOC 00h

010Bh Timer RB Mode Register TRBMR 00h

010Ch Timer RB Prescaler Register TRBPRE FFh
010Dh Timer RB Secondary Register TRBSC FFh

010Eh Timer RB Primary Register TRBPR FFh

010Fh

0110h

0111h

0112h

0113h

0114h

0115h

0116h

0117h

0118h Timer RE Second Data Register / Counter Data Register TRESEC 00h

0119h Timer RE Minute Data Register / Compare Data Register TREMIN 00h

011Ah Timer RE Hour Data Register TREHR 00h

011Bh Timer RE Day of Week Data Register TREWK 00h

011Ch Timer RE Control Register 1 TRECR1 00h

011Dh Timer RE Control Register 2 TRECR2 00h

011Eh Timer RE Count Source Select Register TRECSR 00001000b
011Fh

0120h Timer RC Mode Register TRCMR 01001000b
0121h Timer RC Control Register 1 TRCCR1 00h

0122h Timer RC Interrupt Enable Register TRCIER 01110000b
0123h Timer RC Status Register TRCSR 01110000b
0124h Timer RC 1/O Control Register 0 TRCIORO 10001000b
0125h Timer RC 1/O Control Register 1 TRCIOR1 10001000b
0126h Timer RC Counter TRC 00h

0127h 00h

0128h Timer RC General Register A TRCGRA FFh

0129h FFh

012Ah Timer RC General Register B TRCGRB FFh

012Bh FFh
012Ch Timer RC General Register C TRCGRC FFh
012Dh FFh

012Eh Timer RC General Register D TRCGRD FFh

012Fh FFh

0130h Timer RC Control Register 2 TRCCR2 00011000b
0131h Timer RC Digital Filter Function Select Register TRCDF 00h

0132h Timer RC Output Master Enable Register TRCOER 01111111b
0133h Timer RC Trigger Control Register TRCADCR 00h

0134h

0135h

0136h

0137h

0138h

013%h

013Ah

013Bh

013Ch

013Dh

013Eh

013Fh

Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/32C Group 4. Special Function Registers (SFRs)

Table 4.6 SFR Information (6) %)

Address Register Symbol After Reset
0140h
0141h
0142h
0143h
0144h
0145h
0146h
0147h
0148h
0149h
014Ah
014Bh
014Ch
014Dh
014Eh
014Fh
0150h
0151h
0152h
0153h
0154h
0155h
0156h
0157h
0158h
0159h
015Ah
015Bh
015Ch
015Dh
015Eh
015Fh
0160h
0161h
0162h
0163h
0164h
0165h
0166h
0167h
0168h
0169h
016Ah
016Bh
016Ch
016Dh
016Eh
016Fh
0170h
0171h
0172h
0173h
0174h
0175h
0176h
0177h
0178h
0179h
017Ah
017Bh
017Ch
017Dh
017Eh
017Fh
X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/32C Group

4. Special Function Registers (SFRs)

Table 4.7 SFR Information (7) (D)

Address Register

Symbol

After Reset

0180h Timer RA Pin Select Register

TRASR

00h

0181h Timer RC Pin Select Register

TRBRCSR

00h

0182h Timer RC Pin Select Register 0

TRCPSRO

00h

0183h Timer RC Pin Select Register 1

TRCPSR1

00h

0184h

0185h

0186h

0187h

0188h UARTO Pin Select Register

UOSR

00h

0189h

018Ah UART?2 Pin Select Register 0

U2SR0

00h

018Bh UART2 Pin Select Register 1

U2SR1

00h

018Ch SSU / IIC Pin Select Register

SSUIICSR

00h

018Dh

018Eh INT Interrupt Input Pin Select Register

INTSR

00h

018Fh 1/0 Function Pin Select Register

PINSR

00h

0190h

0191h

0192h

0193h SS Bit Counter Register

SSBR

11111000b

0194h SS Transmit Data Register L / [IC bus Transmit Data Register (2)

SSTDR /ICDRT

FFh

0195h SS Transmit Data Register H ()

SSTDRH

FFh

0196h SS Receive Data Register L / 1IC bus Receive Data Register (2)

SSRDR / ICDRR

FFh

0197h SS Receive Data Register H (2)

SSRDRH

FFh

0198h SS Control Register H / [IC bus Control Register 1 (2)

SSCRH/ICCR1

00h

0199h SS Control Register L / 1IC bus Control Register 2 (2)

SSCRL /ICCR2

01111101b

019Ah SS Mode Register / 1IC bus Mode Register (2)

SSMR /ICMR

00010000b / 00011000b

019Bh SS Enable Register / IIC bus Interrupt Enable Register (2)

SSER/ICIER

00h

019Ch SS Status Register / [IC bus Status Register (2)

SSSR/ICSR

00h / 0000X000b

019Dh SS Mode Register 2 / Slave Address Register (2)

SSMR2 / SAR

00h

019Eh

019Fh

01A0h

01A1h

01A2h

01A3h

01A4h

01A5h

01A6h

01A7h

01A8h

01A9h

01AAh

01ABh

01ACh

01ADh

01AEh

01AFh

01BOh

01B1h

01B2h Flash Memory Status Register

FST

10000X00b

01B3h

01B4h Flash Memory Control Register 0

FMRO

00h

01B5h Flash Memory Control Register 1

FMR1

00h

01B6h Flash Memory Control Register 2

FMR2

00h

01B7h

01B8h

01B9h

01BAh

01BBh

01BCh

01BDh

01BEh

01BFh

X: Undefined

Notes:
1. The blank areas are reserved and cannot be accessed by users.
2. Selectable by the IICSEL bit in the SSUIICSR register.
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R8C/32C Group 4. Special Function Registers (SFRs)

Table 4.8 SFR Information (8) %)

Address Register Symbol After Reset
01COh Address Match Interrupt Register 0 RMADO XXh

01C1h XXh

01C2h 0000XXXXb
01C3h Address Match Interrupt Enable Register 0 AIERO 00h

01C4h Address Match Interrupt Register 1 RMAD1 XXh

01C5h XXh

01C6h 0000XXXXb
01C7h Address Match Interrupt Enable Register 1 AIER1 00h

01C8h
01C9%h
01CAh
01CBh
01CCh
01CDh
01CEh
01CFh
01D0h
01D1h
01D2h
01D3h
01D4h
01D5h
01D6h
01D7h
01D8h
01D9h
01DAh
01DBh
01DCh
01DDh
01DEh
01DFh
01EOh Pull-Up Control Register 0 PURO 00h
01Elh Pull-Up Control Register 1 PUR1 00h
01E2h
01E3h
01E4h
01E5h
01E6h
01E7h
01E8h
01E9h
01EAh
01EBh
01ECh
01EDh
01EEh
01EFh
01FOh Port P1 Drive Capacity Control Register P1DRR 00h
01F1h
01F2h Drive Capacity Control Register 0 DRRO 00h
01F3h Drive Capacity Control Register 1 DRR1 00h
01F4h
01F5h Input Threshold Control Register 0 VLTO 00h
01F6h Input Threshold Control Register 1 VLT1 00h
01F7h
01F8h Comparator B Control Register 0 INTCMP 00h
01F9h
01FAh External Input Enable Register 0 INTEN 00h
01FBh
01FCh INT Input Filter Select Register 0 INTF 00h
01FDh
01FEh Key Input Enable Register 0 KIEN 00h
01FFh
X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/32C Group 4. Special Function Registers (SFRs)

Table 4.9 SFR Information (9) (1)

Address Register Symbol After Reset
2C00h DTC Transfer Vector Area XXh
2C01h DTC Transfer Vector Area XXh
2C02h DTC Transfer Vector Area XXh
2C03h DTC Transfer Vector Area XXh
2C04h DTC Transfer Vector Area XXh
2C05h DTC Transfer Vector Area XXh
2C06h DTC Transfer Vector Area XXh
2C07h DTC Transfer Vector Area XXh
2C08h DTC Transfer Vector Area XXh
2C0%h DTC Transfer Vector Area XXh
2C0Ah DTC Transfer Vector Area XXh

: DTC Transfer Vector Area XXh

: DTC Transfer Vector Area XXh
2C3Ah DTC Transfer Vector Area XXh
2C3Bh DTC Transfer Vector Area XXh
2C3Ch DTC Transfer Vector Area XXh
2C3Dh DTC Transfer Vector Area XXh
2C3Eh DTC Transfer Vector Area XXh
2C3Fh DTC Transfer Vector Area XXh
2C40h DTC Control Data 0 DTCDO XXh
2C41h XXh
2C42h XXh
2C43h XXh
2C44h XXh
2C45h XXh
2C46h XXh
2C47h XXh
2C48h DTC Control Data 1 DTCD1 XXh
2C49h XXh
2C4Ah XXh
2C4Bh XXh
2CACh XXh
2C4Dh XXh
2C4Eh XXh
2CA4Fh XXh
2C50h DTC Control Data 2 DTCD2 XXh
2C51h XXh
2C52h XXh
2C53h XXh
2C54h XXh
2C55h XXh
2C56h XXh
2C57h XXh
2C58h DTC Control Data 3 DTCD3 XXh
2C59h XXh
2C5Ah XXh
2C5Bh XXh
2C5Ch XXh
2C5Dh XXh
2C5Eh XXh
2C5Fh XXh
2C60h DTC Control Data 4 DTCD4 XXh
2C61h XXh
2C62h XXh
2C63h XXh
2C64h XXh
2C65h XXh
2C66h XXh
2C67h XXh
2C68h DTC Control Data 5 DTCD5 XXh
2C69h XXh
2C6Ah XXh
2C6Bh XXh
2C6Ch XXh
2C6Dh XXh
2C6Eh XXh
2C6Fh XXh

X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/32C Group 4. Special Function Registers (SFRs)

Table 4.10  SFR Information (10)

Address Register Symbol After Reset
2C70h DTC Control Data 6 DTCD6 XXh
2C71h XXh
2C72h XXh
2C73h XXh
2C74h XXh
2C75h XXh
2C76h XXh
2C77h XXh
2C78h DTC Control Data 7 DTCD7 XXh
2C79h XXh
2C7Ah XXh
2C7Bh XXh
2C7Ch XXh
2C7Dh XXh
2C7Eh XXh
2C7Fh XXh
2C80h DTC Control Data 8 DTCD8 XXh
2C81h XXh
2C82h XXh
2C83h XXh
2C84h XXh
2C85h XXh
2C86h XXh
2C87h XXh
2C88h DTC Control Data 9 DTCD9 XXh
2C89h XXh
2C8Ah XXh
2C8Bh XXh
2C8Ch XXh
2C8Dh XXh
2C8Eh XXh
2C8Fh XXh
2C90h DTC Control Data 10 DTCD10 XXh
2C91h XXh
2C92h XXh
2C93h XXh
2C94h XXh
2C95h XXh
2C96h XXh
2C97h XXh
2C98h DTC Control Data 11 DTCD11 XXh
2C9%h XXh
2C9Ah XXh
2C9Bh XXh
2C9Ch XXh
2C9Dh XXh
2C9Eh XXh
2C9Fh XXh
2CAOh DTC Control Data 12 DTCD12 XXh
2CAlh XXh
2CA2h XXh
2CA3h XXh
2CA4h XXh
2CA5h XXh
2CA6h XXh
2CA7h XXh
2CA8h DTC Control Data 13 DTCD13 XXh
2CA% XXh
2CAAh XXh
2CABh XXh
2CACh XXh
2CADh XXh
2CAEh XXh
2CAFh XXh

X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/32C Group 4. Special Function Registers (SFRs)

Table 4.11  SFR Information (11) @

Address Register Symbol After Reset
2CBOh DTC Control Data 14 DTCD14 XXh
2CBlh XXh
2CB2h XXh
2CB3h XXh
2CB4h XXh
2CB5h XXh
2CB6h XXh
2CB7h XXh
2CB8h DTC Control Data 15 DTCD15 XXh
2CB9%h XXh
2CBAh XXh
2CBBh XXh
2CBCh XXh
2CBDh XXh
2CBEh XXh
2CBFh XXh
2CCOh DTC Control Data 16 DTCD16 XXh
2CClh XXh
2CC2h XXh
2CC3h XXh
2CC4h XXh
2CC5h XXh
2CC6h XXh
2CC7h XXh
2CC8h DTC Control Data 17 DTCD17 XXh
2CC9h XXh
2CCAh XXh
2CCBh XXh
2CCCh XXh
2CCDh XXh
2CCEh XXh
2CCFh XXh
2CDOh DTC Control Data 18 DTCD18 XXh
2CD1h XXh
2CD2h XXh
2CD3h XXh
2CD4h XXh
2CD5h XXh
2CD6h XXh
2CD7h XXh
2CD8h DTC Control Data 19 DTCD19 XXh
2CD%h XXh
2CDAh XXh
2CDBh XXh
2CDCh XXh
2CDDh XXh
2CDEh XXh
2CDFh XXh
2CEOh DTC Control Data 20 DTCD20 XXh
2CElh XXh
2CE2h XXh
2CE3h XXh
2CE4h XXh
2CE5h XXh
2CE6h XXh
2CE7h XXh
2CE8h DTC Control Data 21 DTCD21 XXh
2CE%h XXh
2CEAh XXh
2CEBh XXh
2CECh XXh
2CEDh XXh
2CEEh XXh
2CEFh XXh
X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/32C Group 4. Special Function Registers (SFRs)

Table 4.12  SFR Information (12)

Address Register Symbol After Reset
2CFOh DTC Control Data 22 DTCD22 XXh
2CF1h XXh
2CF2h XXh
2CF3h XXh
2CF4h XXh
2CF5h XXh
2CF6h XXh
2CF7h XXh
2CF8h DTC Control Data 23 DTCD23 XXh
2CF%h XXh
2CFAh XXh
2CFBh XXh
2CFCh XXh
2CFDh XXh
2CFEh XXh
2CFFh XXh
2D00h

[ 2FFFh ] [
X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.

Table 4.13  ID Code Areas and Option Function Select Area

| Address | Area Name | Symbol | After Reset |
I FFth [ Option Function Select Register 2 [OFS2 [ (Note 1) |
[ FFOFR[IOI [(Note 2) |
[ FFESh [IDZ [(Note 2) |
[ FFEBh [ID3 [(Note 2) |
| FFéFh [ D4 [ (Note 2) ]
[ FFF3h |05 [(Note 2) |
[ FFF7h 106 [(Note 2) |
[ FFFBR 107 [(Note 2) |
I FFFER [ Option Function Select Register [ OFS [ (Note 1) ]
Notes:

1. The option function select area is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a program.
Do not write additions to the option function select area. If the block including the option function select area is erased, the option function select
area is set to FFh.
When blank products are shipped, the option function select area is set to FFh. It is set to the written value after written by the user.
When factory-programming products are shipped, the value of the option function select area is the value programmed by the user.
2. The ID code areas are allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a program.
Do not write additions to the ID code areas. If the block including the ID code areas is erased, the ID code areas are set to FFh.
When blank products are shipped, the ID code areas are set to FFh. They are set to the written value after written by the user.
When factory-programming products are shipped, the value of the ID code areas is the value programmed by the user.
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R8C/32C Group 5.Resets

5. Resets
The following resets are implemented: hardware reset, power-on reset, voltage monitor 0 reset, watchdog timer reset,

and software reset.
Table 5.1 lists the Reset Names and Sources. Figure 5.1 shows the Block Diagram of Reset Circuit.

Table 5.1 Reset Names and Sources
Reset Name Source
Hardware reset Input voltage of RESET pin is held “L”
Power-on reset VCC rises
Voltage monitor O reset VCC falls (monitor voltage: Vdet0)
Watchdog timer reset Underflow of watchdog timer
Software reset Write 1 to PMO03 bit in PMO register

Hardware reset

RESET O
o

Viole Power-on_ reset | Power-on reset
circuit
Voltage
detection Voltage monitor O reset
circuit
Watchdog timer
Watchdog reset
timer
)
%o—» Pin, CPU, and SFR @
CPU )
Software reset

Note:
1. The CWR bit in the RSTFR register is set to 0 (cold start-up) after power-on or
voltage monitor O reset. This bit remains unchanged at a hardware reset,

software reset, or watchdog timer reset.

Figure 5.1 Block Diagram of Reset Circuit
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R8C/32C Group

5.Resets

Table 5.2 shows the Pin Functions while RESET Pin Level is“L", Figure 5.2 shows the CPU Register Status after

Reset, Figure 5.3 shows the Reset Sequence.

Table 5.2 Pin Functions while RESET Pin Level is “L”"
Pin Name Pin Function
P1, P3_3toP3 5 P3 7 Input port
P4 2,P4 5toP4 7 Input port
15 b
0000h Data register (R0O)
0000h Data register (R1)
0000h Data register (R2)
0000h Data register (R3)
0000h Address register (A0)
0000h Address register (A1)
. 0000h Frame base register (FB)
b19 bo
00000h Interrupt table register (INTB)

Content of addresses OFFFEh to OFFFCh

bis

bo

0000h

0000h

0000h

bo

uloBSsSzZzDC

Program counter (PC)

User stack pointer (USP)
Interrupt stack pointer (ISP)

Static base register (SB)

Flag register (FLG)

Figure 5.2

CPU Register Status after Reset

RS e e e e e O e e A B e I O

RESET pin
F—>1 10 ps or more are needed )

(¥ fOCO-S clock x 32 cycles @

Internal reset
signal

Start time of flash memory
(CPU clock x 148 cycles)

CPU clock x 28 cycle

SIS 1 o P o I e P

A I O A o

OFFFCh OFFFEh
Address X X
(internal address
signal)
OFFFDh Content of reset vector
Notes:
1. Hardware reset.
2. When the “L” input width to the RESET pin is set to fOCO-S clock x 32 cycles or more, setting the RESET pin to “H” also sets the internal
reset signal to “H” at the same time.
Figure 5.3 Reset Sequence
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R8C/32C Group 5.Resets
5.1 Registers
5.1.1 Processor Mode Register 0 (PMO)
Address 0004h
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — [ — | — [ PmMO3 | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Set to 0. R/W
bl —
b2 —
b3 PMO03 |Software reset bit The MCU is reset when this bit is set to 1. When R/W
read, the content is 0.
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
Set the PRC1 bit in the PRCR register to 1 (write enabled) before rewriting the PMO register.
5.1.2 Reset Source Determination Register (RSTFR)
Address 000Bh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — |WDR|SWR|HWR CWR|
After Reset 0 X X X X X X X (Note 1)
Bit Symbol Bit Name Function R/W
b0 CWR |Cold start-up/warm start-up 0: Cold start-up R/W
determine flag (2 3) 1: Warm start-up
bl HWR [Hardware reset detect flag 0: Not detected R
1: Detected
b2 SWR |Software reset detect flag 0: Not detected R
1: Detected
b3 WDR |Watchdog timer reset detect flag |0: Not detected R
1: Detected
b4 — Reserved bits When read, the content is undefined. R
b5 —
b6 —
b7 — Reserved bit Setto O. R/W
Notes:

1. The CWR bhit is set to 0 (cold start-up) after power-on or voltage monitor O reset. This bit remains unchanged at a
hardware reset, software reset, or watchdog timer reset.

2. If 1is written to the CWR bit by a program, it is set to 1. (Writing O does not affect this bit.)

3. When the VWOCO bit in the VWOC register is set to 0 (voltage monitor O reset disabled), the CWR bit value is

undefined.
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R8C/32C Group 5.Resets
5.1.3  Option Function Select Register (OFS)
Address OFFFFh
Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR — WDTON
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | R/W
1: Watchdog timer is stopped after reset
bl — Reserved bit Setto 1. R/W
b2 ROMCR |ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled
b3 ROMCP1 |[ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled
b4 VDSELO i it (2) [b5b4 R/W
o Ubell Voltage detection 0 level select bit 00: 3.80 V selected (Vdet0_3) adas
0 1: 2.85V selected (Vdet0_2)
10: 2.35V selected (Vdet0_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit (3) |0: Voltage monitor O reset enabled after reset RIW
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protect mode enabled after reset | R/IW
after reset select bit 1: Count source protect mode disabled after reset
Notes:
1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.
2. The same level of the voltage detection O level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.
3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to 0 (voltage monitor O reset enabled after

reset).

For a setting example of the OFS register, refer to 13.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bits VDSELO and VDSEL 1.
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5.1.4  Option Function Select Register 2 (OFS2)

Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ — | — | — | — |WDTRCSl|WDTRCSO WDTUFS1|WDTUFSO0
After Reset User Setting Value (1)

Bit Symbol Bit Name Function R/W

b0 WDTUFSO [Watchdog timer underflow period set bit b(l)bg 03FFh R/W

bl WDTUFS1 0 1. OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh

b2 WDTRCSO0 |Watchdog timer refresh acknowledgement period bgbé o506 R/W

set bit - £970

b3 | WDTRCS1 01 50% R/W
10: 75%
11:100%

b4 — Reserved bits Setto 1. R/W

b5 —

b6 —

b7 —

Note:
1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a

program.

Do not write additions to the OFS2 register. If the block including the OFS2 register is erased, the OFS2 register
is set to FFh.

When blank products are shipped, the OFS2 register is set to FFh. It is set to the written value after written by the
user.

When factory-programming products are shipped, the value of the OFS2 register is the value programmed by the
user.

For a setting example of the OFS2 register, refer to 13.3.1 Setting Example of Option Function Select Area.

Bits WDTRCSO and WDTRCS1
(Watchdog Timer Refresh Acknowledgement Period Set Bit)

Assuming that the period from when the watchdog timer starts counting until it underflows is 100%, the refresh
acknowledgement period for the watchdog timer can be selected.
For details, refer to 14.3.1.1 Refresh Acknowledgment Period.
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5.2 Hardware Reset

A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while the supply voltage
meets the recommended operating conditions, pins, CPU, and SFRs are all reset (refer to Table 5.2 Pin Functions
while RESET Pin Level is“L", Figure 5.2 CPU Register Status after Reset, and Table4.1to Table4.12 SFR
I nfor mation).

When the input level applied to the RESET pin changesfrom “L” to “H”, a program is executed beginning with the
address indicated by the reset vector. After reset, the low-speed on-chip oscillator clock with no division is
automatically selected as the CPU clock.

Refer to 4. Special Function Registers (SFRs) for the states of the SFRs after reset.

Theinternal RAM is not reset. If the RESET pinispulled “L” while writing to the internal RAM isin progress, the
contents of internal RAM will be undefined.

Figure 5.4 shows an Example of Hardware Reset Circuit and Operation and Figure 5.5 shows an Example of
Hardware Reset Circuit (Usage Example of External Supply Voltage Detection Circuit) and Operation.

5.2.1  When Power Supply is Stable
(1) Apply “L” to the RESET pin.
(2) Wait for 10 ps.
(3) Apply “H" to the RESET pin.

522 Power On

(1) Apply “L” to the RESET pin.

(2) Let the supply voltage increase until it meets the recommended operating conditions.

(3) Wait for td(P-R) or more to alow the internal power supply to stabilize (refer to 31. Electrical
Characteristics).

(4) Wait for 10 us.

(5) Apply “H” to the RESET pin.
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R8C/32C Group
VCC 1.8V /
vee /
=
oV
RESET
RESET
; =T 0.2 VCC or below
oV
td(P-R) + 10 us or more
Note: PR) H
1. Refer to 31. Electrical Characteristics.
Figure 5.4 Example of Hardware Reset Circuit and Operation
5V
Supply voltage
detection circuit Vele l.BV/
ov
5V
RESET
oV ——
td(P-R) + 10 us or more
B Example when
VCC =5V
Note:
1. Refer to 31. Electrical Characteristics.
Figure 5.5 Example of Hardware Reset Circuit (Usage Example of External Supply Voltage

Detection Circuit) and Operation
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5.3 Power-On Reset Function

When the RESET pin is connected to the VCC pin via a pull-up resistor, and the VCC pin voltage level rises, the
power-on reset function is enabled and the MCU resets its pins, CPU, and SFR. When a capacitor is connected to
the RESET pin, too, always keep the voltage to the RESET pin 0.8V CC or more.

When the input voltage to the VCC pin reaches the VdetO level or above, the low-speed on-chip oscillator clock
starts counting. When the low-speed on-chip oscillator clock count reaches 32, the internal reset signal is held “H”
and the MCU enters the reset sequence (refer to Figure 5.3). The low-speed on-chip oscillator clock with no
division isautomatically selected asthe CPU clock after reset.

Refer to 4. Special Function Registers (SFRs) for the states of the SFR after power-on reset.

To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in the OFS register to
0.

Figure 5.6 shows an Example of Power-On Reset Circuit and Operation.

VCC
4.7 kQ
(reference)
RESET
Vdeto @
External
Power Vcc
0.5V
. tw(por) @ o
L
Internal
reset signal
d A
Y L
71 X 32
foco-s

Notes:

1. Vdeto indicates the voltage detection level of the voltage detection O circuit. Refer to
6. Voltage Detection Circuit for details.

2. tw(por) indicates the duration the external power Vcc must be held below the valid
voltage (0.5 V) to enable a power-on reset. When turning on the power after it falls
with voltage monitor O reset disabled, maintain tw(por) for 1 ms or more.

3. To use the power-on reset function, enable voltage monitor O reset by setting the
LVDAS bit in the OFS register to 0.

Figure 5.6 Example of Power-On Reset Circuit and Operation
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5.4 Voltage Monitor 0 Reset

A reset is applied using the on-chip voltage detection O circuit. The voltage detection O circuit monitors the input
voltage to the VCC pin. The voltage to monitor is VVdetO. To use voltage monitor O reset, set the LVDAS bit in the
OFS register to 0 (voltage monitor O reset enabled after reset). The VdetO voltage detection level can be changed by
the settings of bits VDSELO to VDSEL 1 in the OFS register.

When the input voltage to the VCC pin reaches the VdetO level or below, the pins, CPU, and SFR are reset.

When the input voltage to the VCC pin reaches the VdetO level or above, the low-speed on-chip oscillator clock
start counting. When the low-speed on-chip oscillator clock count reaches 32, the internal reset signal is held “H”
and the MCU enters the reset sequence (refer to Figure 5.3). The low-speed on-chip oscillator clock with no
division isautomatically selected as the CPU clock after reset.

To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in the OFS register to
0.

Bits VDSELO to VDSEL 1 and LVDAS cannot be changed by a program. To set these bits, write values to b4 to b6
of address OFFFFh using a flash programmer.

Refer to 5.1.3 Option Function Select Register (OFS) for details of the OFS register.

Refer to 4. Special Function Registers (SFRs) for the status of the SFR after voltage monitor O reset.

The internal RAM is not reset. When the input voltage to the VCC pin reaches the VdetO level or below while
writing to the internal RAM isin progress, the contents of internal RAM are undefined.

Refer to 6. Voltage Detection Circuit for details of voltage monitor O reset.

Figure 5.7 shows an Example of Voltage Monitor O Reset Circuit and Operation.

Vdet0

External
Power Vcc

0.5V

O

Voltage detection O
circuit response time

Internal reset signal |

— = x32
foco-s

Notes:
1. VdetO indicates the voltage detection level of the voltage detection O circuit. Refer to 6. Voltage
Detection Circuit for details.
2. To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in
the OFS register to 0.

Figure 5.7 Example of Voltage Monitor 0 Reset Circuit and Operation
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5.5 Watchdog Timer Reset

When the PM 12 bit in the PM 1 register is set to 1 (reset when watchdog timer underflows), the MCU resetsits pins,
CPU, and SFR if the watchdog timer underflows. Then the program beginning with the address indicated by the
reset vector is executed. After reset, the low-speed on-chip oscillator clock with no division is automatically
selected as the CPU clock.

Refer to 4. Special Function Registers (SFRs) for the states of the SFRs after watchdog timer reset.

The internal RAM is not reset. When the watchdog timer underflows while writing to the internal RAM isin
progress, the contents of internal RAM are undefined.

The underflow period and refresh acknowledge period for the watchdog timer can be set by bits WDTUFSO to
WDTUFS1 and bits WDTRCS0 to WDTRCSL in the OFS2 register, respectively.

Refer to 14. Watchdog Timer for details of the watchdog timer.

5.6 Software Reset

When the PMO03 bit in the PMO register is set to 1 (MCU reset), the MCU resets its pins, CPU, and SFR. The
program beginning with the address indicated by the reset vector is executed. After reset, the low-speed on-chip
oscillator clock with no division is automatically selected for the CPU clock.

Refer to 4. Special Function Registers (SFRs) for the states of the SFRs after software reset.

Theinternal RAM is not reset.
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5.7 Cold Start-Up/Warm Start-Up Determination Function

The cold start-up/warm start-up determination function uses the CWR bit in the RSTFR register to determine cold
start-up (reset process) at power-on and warm start-up (reset process) when areset occurred during operation.

The CWR bit is set to 0 (cold start-up) at power-on and also set to O at a voltage monitor O reset. If 1 iswritten to
the CWR bit by a program, it is set to 1. This bit remains unchanged at a hardware reset, software reset, or
watchdog timer reset.

The cold start-up/warm stat-up determination function uses voltage monitor O reset.

Figure 5.8 shows an Operating Example of Cold Start-Up/Warm Start-Up Function

ARWAYAVS

Vdet0
o /

Setto 1 by Setto 1 by
/ a program. a program.

CWR bit in RSTFR register

Voltage monitor O reset VJ J

Figure 5.8 Operating Example of Cold Start-Up/Warm Start-Up Function

5.8 Reset Source Determination Function

The RSTFR register can be used to detect whether a hardware reset, software reset, or watchdog timer reset has

occurred.
If a hardware reset occurs, the HWR bit is set to 1 (detected). If a software reset occurs, the SWR bit isset to 1

(detected). If awatchdog timer reset occurs, the WDR bit is set to 1 (detected).
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6. Voltage Detection Circuit
The voltage detection circuit monitors the voltage input to the VCC pin. This circuit can be used to monitor the VCC
input voltage by a program.

6.1 Overview

The detection voltage of voltage detection 0 can be selected among four levels using the OFS register.
The detection voltage of voltage detection 1 can be selected among 16 levels using the VD1L S register.
The voltage monitor O reset, and voltage monitor 1 interrupt and voltage monitor 2 interrupt can also be used.

Table 6.1 Voltage Detection Circuit Specifications
Item Voltage Monitor 0 Voltage Monitor 1 Voltage Monitor 2
VCC Voltage to Vdet0 Vdetl Vdet2
monitor monitor
Detection Whether passing through | Whether passing through Whether passing through
target Vdet0 by falling Vdetl by rising or falling Vdet2 by rising or falling
Detection Selectable among Selectable among The fixed level
voltage 4 levels using the OFS 16 levels using the VD1LS
register. register.
Monitor None The VW1C3 bit in The VCA13 bit in
the VWIC register the VCAL register
Whether VCC is higher or | Whether VCC or LVCMP2
lower than Vdetl input voltage is higher or
lower than Vdet2
Process at | Reset Voltage monitor O reset None None
voltage Reset at Vdet0 > VCC;
detection CPU operation restarts
at VCC > Vdet0
Interrupts None Voltage monitor 1 interrupt | Voltage monitor 2 interrupt
Non-maskable or maskable | Non-maskable or maskable
selectable selectable
Interrupt request at: Interrupt request at:
Vdetl > VCC Vdet2 > VCC
and/or and/or
VCC > Vdetl VCC > Vdet2
Digital filter | Switching No digital filter function Supported Supported
enable/disable
Sampling — (fOCO-S divided by n) x 2 | (fOCO-S divided by n) x 2
time n:1, 2 4, and 8 n: 1,2 4, and 8
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VCC
VCA25
Level
Selection Voltage detection 0 signal ‘
Circuit -
(4 levels)
VDSEL1 to VDSELO
VCA26
Level
Selection > Voltage detection 1 signal
Circuit >
(16 levels)
>
> Vdetl VW1I1C register
VD1S3 to VD1S0 l
b3
VCA27 VW1C3 bit
> Voltage detection 2 signal L
Internal o
reference > Vdet2
voltage zvae VCAL1 register
VCA13 bit
VCA13: Bit in VCAL1 register
VCAZ25, VCA26, VCA27: Bits in VCA2 register
VW1C3: Bit in VW1C register
VD1S0 to VD1S3: Bits in VDL1LS register
VDSELO, VDSELZ1: Bits in OFS register
Figure 6.1 Voltage Detection Circuit Block Diagram
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6. Voltage Detection Circuit

Voltage detection O circuit

VCC

VDSEL1
to VDSELO

i

VCA25

Level selection

Voltage monitor O reset generation circuit

Voltage
detection 0
signal

Internal reference voltage

When VCA2S5 bit is set to 0 (disabled),
voltage detection 0 signal is driven high.

VWOCO: Bit in VWOC register
VCAZ25: Bit in VCA2 register
VDSELO, VDSEL1: Bits in OFS register

)

»

VWO0Co

L
Voltage monitor 0
reset signal

Figure 6.2

Block Diagram of Voltage Monitor O Reset Generation Circuit

Voltage detection 1 circuit

Voltage monitor 1 interrupt generation circuit

=00b

VWI1F1 to VW1FO

=01b

foco.
VCA26
VCC_F .
. Voltage
VvD1S3 detection 1 VW1C1 = 1
to VD1S0 signal
Internal reference voltage

VCA26: Bits in VCA2 register

VCACL: Bit in VCAC register

When VCAZ26 bit is set to 0 (disabled),
voltage detection 1 signal is driven high.

VWIC2 bit is set to 0.

Digital filter

VWIC2 bit is set to 0 (not detected) by writing 0 by a program.
‘When VCAZ26 bit is set to 0 (voltage detection 1 circuit disabled),

Watchdog timer
interrupt signal

Voltage monitor 1
interrupt signal

Non-maskable
interrupt signal

Edge Vwic2
selection
circuit
T A
VCACL VW1C0
VW1C7
COMPSEL
IRQ1SEL

Maskable
interrupt signal

=) -
—_/

VW1CO to VW1C3, VW1F0, VW1F1, VWICT7: Bits in VW1C register

VD1S0 to VD1S3: Bits in VDILS register
COMPSEL, IRQ1SEL: Bits in CMPA register

Figure 6.3

Block Diagram of Voltage Monitor 1 Interrupt Generation Circuit
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Voltage monitor 2 interrupt generation circuit

VW2F1 to VW2F0

= 00b
=01b
Voltage detection 2 circuit lo VW2C2 bit is set to 0 (not detected) by writing O by a program.
‘When VCAZ27 bit is set to 0 (voltage detection 2 circuit disabled),
foco (<] VW2C2 bit is set o 0.
VCA27
[ VCAL3 Watchdog timer
VW2C1=0 interrupt signal
O
Voltage Edge Vw2C2
g‘t;l:;:‘llcn 2 VW2C1 =1 selection
Internal reference voltage circuit |
4 Voltage monitor 2
interrupt signal o
When VCA27 bit is set to 0 (disabled), VW2CO0 ‘l\rl‘?;rrsa‘s:ialz;
voltage detection 2 signal is driven high. VCAC2 Pt sig
vw2Cc7
Watchdog timer block
VW2C3
.
N N -
Watchdog timer underflow signal _|—\
. COMPSEL ¢ >
VW2C3 bit is set to 0 (not detected) IRQZSEL_—| J Maskable
by writing 0 by a program. interrupt signal
VW2C0 to VW2C3, VW2F0, VW2F1, VW2C?7: Bits in VW2C
VCAL13: Bit in VCAL register
VCAZ27: Bits in VCA2 register
COMPSEL, IRQ2SEL: Bits in CMPA register
VCAC2: Bit in VCAC register
Figure 6.4 Block Diagram of Voltage Monitor 2 Interrupt Generation Circuit
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6.2 Registers

6.2.1  Voltage Monitor Circuit Control Register (CMPA)
Address 0030h

Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol |COMPSEL| — | IRQ2SEL | IRQ1SEL | — | — | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. R/W
bl —
b2 —
b3 —
b4 IRQ1SEL |Voltage monitor 1 interrupt type |0: Non-maskable interrupt R/W
select bit (1) 1: Maskable interrupt
b5 IRQ2SEL |Voltage monitor 2 interrupt type |0: Non-maskable interrupt R/W
select bit (2) 1: Maskable interrupt
b6 — Reserved bit Setto 0. R/W
b7 COMPSEL |Voltage monitor interrupt type 0: Bits IRQ1SEL and IRQ2SEL disabled R/W
selection enable bit (. 2) 1: Bits IRQ1SEL and IRQ2SEL enabled
Notes:

1. When the VW1CO bit in the VWI1C register is set to 1 (enabled), do not set bits IRQ1SEL and COMPSEL
simultaneously (with one instruction).

2. When the VW2CO bit in the VW2C register is set to 1 (enabled), do not set bits IRQ2SEL and COMPSEL
simultaneously (with one instruction).
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6.2.2  Voltage Monitor Circuit Edge Select Register (VCAC)
Address 0031h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbolf] — | — | — | — | — |VCAC2|VCACL| —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl | VCACL |voltage monitor 1 circuit edge select bit (1) |0: One edge RIW
1: Both edges
b2 | VCAC2 |voltage monitor 2 circuit edge select bit (2) |0: One edge R/W

1: Both edges

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0.
b4 —
b5 —
b6 —
b7 —

Notes:

1. When the VCACL1 bit is set to 0 (one edge), the VW1C?7 bit in the VWI1C register is enabled. Set the VW1C?7 bit

after setting the VCAC1 bit to 0.

2. When the VCAC?2 bit is set to 0 (one edge), the VW2C?7 bit in the VW2C register is enabled. Set the VW2C?7 bit

after setting the VCAC2 bit to 0.

6.2.3  Voltage Detect Register 1 (VCA1)
Address 0033h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — [VCAIB| — — —
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Set to 0. R/W
bl —
b2 —
b3 | VCA13 |voltage detection 2 signal monitor flag (1) |0: VCC < Vdet2 R
1: VCC = Vdet2
or voltage detection 2 circuit disabled
b4 — Reserved bits Set to 0. R/W
b5 —
b6 —
b7 —
Note:

1. When the VCA27 bit in the VCA2 register is set to 1 (voltage detection 2 circuit enabled), the VCA13 bit is

enabled.

When the VCA27 bit in the VCAZ2 register is set to 0 (voltage detection 2 circuit disabled), the VCA13 bit is set to

1 (VCC > Vdet2).
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6.2.4  Voltage Detect Register 2 (VCA2)
Address 0034h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol | VCA27 | VCA26 | VCA25 | — | — | — — VCA20
After Reset 0 0 0 0 0 0 0 0
The above applies when the LVDAS bit in the OFS register is set to 1.
After Reset 0 0 1 0 0 0 0 0

The above applies when the LVDAS bit in the OFS register is set to 0.

Bit Symbol Bit Name Function R/W
b0 VCA20 |[Internal power low consumption 0: Low consumption disabled R/W
enable bit (1) 1: Low consumption enabled ()

bl — Reserved bits Setto 0. R/W

b2 —

b3 —

b4 —

b5 VCA25 |Voltage detection 0 enable bit 3)  |0: Voltage detection O circuit disabled R/IW
1: Voltage detection 0 circuit enabled

b6 VCA26 |Voltage detection 1 enable bit (4) 0: Voltage detection 1 circuit disabled R/W
1: Voltage detection 1 circuit enabled

b7 VCA27 |Voltage detection 2 enable bit ) 0: Voltage detection 2 circuit disabled R/W
1: Voltage detection 2 circuit enabled

Notes:

1. Use the VCAZ20 bit only when the MCU enters wait mode. To set the VCA20 bit, follow the procedure shown in
Figure 9.3 Procedure for Reducing Internal Power Consumption Using VCAZ20 bit.

2. When the VCAZ20 bit is set to 1 (low consumption enabled), do not set the CM10 bit in the CM1 register to 1 (stop
mode).

3. When writing to the VCA25 bit, set a value after reset.

4. To use the voltage detection 1 interrupt or the VW1C3 bit in the VW1C register, set the VCA26 bit to 1.
After the VCA26 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 1 circuit starts
operation.

5. To use the voltage detection 2 interrupt or the VCA13 bit in the VCAL register, set the VCA27 bit to 1.
After the VCA27 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 2 circuit starts
operation.

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VCA2 register.
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6.2.5 Voltage Detection 1 Level Select Register (VD1LS)
Address 0036h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | VD1S3 | VD1S2 | VD1S1 | VD1S0
After Reset 0 0 0 0 0 1 1 1
Bit Symbol Bit Name Function R/W
b0 VD1S0 |[Voltage detection 1 level select bit b3 b2 b1 b0 R/W
bl VD1S1 |(Reference voltage when the voltage falls) 8 8 8 2 g;g x %ggﬁ—% R/W
b2 VD1S2 e - R/W

0010:250V (Vdetl 2)
b3 | VDI1S3 0011:2.65V (Vdetl 3) RIW
0100:2.80V (Vdetl 4)
0101:2.95V (Vdetl 5)
0110:3.10V (Vdetl 6)
0111:3.25V (Vdetl_7)
1000:340V (Vdetl 8)
1001:355V (Vdetl 9)
1010:3.70V (Vdetl_A)
1011:3.85V (Vdetl B)
1100:4.00V (Vdetl C)
1101:415V (Vdetl D)
1110:430V (Vdetl_E)
1111:445V (Vdetl F)
b4 — Reserved bits Set to 0. R/W

b6 —

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VD1L S register.

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 44 of 573



R8C/32C Group

6. Voltage Detection Circuit

6.2.6  Voltage Monitor 0 Circuit Control Register (VWOC)
Address 0038h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | — | — | VWOCO
After Reset 1 1 0 0 X 0 1 0

The above applies when the LVDAS bit in the OFS register is set to 1.

After Reset 1

1 0 0

X

0 1 1

The above applies when the LVDAS bit in the OFS register is set to 0.

Bit Symbol Bit Name Function R/W
b0 VWOCO |Voltage monitor O reset enable bit (1) 0: Disabled R/W
1: Enabled

bl — Reserved bit Set to 1. R/W
b2 — Reserved bit Set to 0. R/W
b3 — Reserved bit When read, the content is undefined. R
b4 — Reserved bits Setto 0. R/W
b5 —

b6 — Reserved bits Set to 1. R/W
b7 —

Note:

1. The VWOCO bit is enabled when the VCA25 bit in the VCA2 register is set to 1 (voltage detection 0 circuit
enabled). When writing to the VWOCO bit, set a value after reset.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before writing the VWOC register.
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6.2.7  Voltage Monitor 1 Circuit Control Register (VW1C)
Address 0039h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| VWI1C7 | — | VW1F1 | VW1FO0 | VW1C3 | VW1C2 | VWI1C1 | VW1CO0
After Reset 1 0 0 0 1 0 1 0
Bit Symbol Bit Name Function R/W
b0 VW1CO |Voltage monitor 1 reset interrupt enable |0: Disabled R/W
bit (1) 1: Enabled
bl VW1C1 |Voltage monitor 1 digital filter 0: Digital filter enabled mode R/W
disable mode select bit (2. 6) (digital filter circuit enabled)

1: Digital filter disable mode
(digital filter circuit disabled)

b2 | VWIC2 |voltage change detection flag (3. 4) 0: Not detected R/W
1: Vdetl passing detected
b3 | VWIC3 |Voltage detection 1 signal monitor flag (3) {0: VCC < Vdetl R

1: VCC = Vdetl
or voltage detection 1 circuit disabled

b4 VW1F0 i it (6) bS5 b4 R/W
Sampling clock select bit 0 0: fOCO-S divided by 1

bS VWIFL 0 1: fOCO-S divided by 2 RIW
1 0: fOCO-S divided by 4
1 1: fOCO-S divided by 8
b6 — Reserved bit Set to 0. R/W
b7 VW1C7 |Voltage monitor 1 interrupt 0: When VCC reaches Vdetl or above. R/W
generation condition select bit (5) 1: When VCC reaches Vdetl or below.
Notes:

1. The VW1CO is enabled when the VCAZ26 bit in the VCAZ2 register is set to 1 (voltage detection 1 circuit enabled).
Set the VW1CO bit to O (disabled) when the VCA26 bit is set to 0 (voltage detection 1 circuit disabled).
To set the VWOCO bit to 1 (enabled), follow the procedure shown in Table 6.2 Procedure for Setting Bits
Associated with Voltage Monitor 1 Interrupt.

2. When using the digital filter (while the VW1C1 bit is 0), set the CM14 bit in the CML1 register to 0 (low-speed on-
chip oscillator on).
To use the voltage monitor 1 interrupt to exit stop mode, set the VW1C1 bit in the VW1C register to 1 (digital filter
disabled).

3. Bits VW1C2 and VW1C3 are enabled when the VCA26 bit in the VCA2 register is set to 1 (voltage detection 1
circuit enabled).

4. Setthe VW1C2 bhit to 0 by a program. When 0 is written by a program, this bit is set to 0 (and remains unchanged
even if 1 is written to it).

5. The VW1C7 bit is enabled when the VCACL1 bit in the VCAC register is set to 0 (one edge). After setting the
VCAC1 bit to 0, set the VW1C?7 bit.

6. When the VWI1CO bit is set to 1 (enabled), do not set the VW1C1 bit and bits VW1F1 and VW1FO simultaneously
(with one instruction).

Set the PRC3 bit in the PRCR register to 1 (write enabled) before writing the VW1C register.
Rewriting the VW1C register may set the VW1C2 bit to 1. Set the VW1C2 bhit to O after rewriting the VW1C
register.
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6.2.8  Voltage Monitor 2 Circuit Control Register (VW2C)
Address 003Ah

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| VW2C7 | — | VW2F1 | VW2F0 | VW2C3 | VW2C2 | VW2C1 | VW2C0
After Reset 1 0 0 0 0 0 1 0
Bit Symbol Bit Name Function R/W
b0 VW2CO |Voltage monitor 2 interrupt enable bit (1) |0: Disabled RIW
1: Enabled
bl VW2C1 |Voltage monitor 2 digital filter 0: Digital filter enable mode R/W
disable mode select bit (2. 6) (digital filter circuit enabled)

1: Digital filter disable mode
(digital filter circuit disabled)

b2 VW2C2 |Voltage change detection flag (3, 4) 0: Not detected R/W
1: Vdet2 passing detected

b3 VW2C3 |WDT detection monitor flag (4) 0: Not detected R/W
1: Detected

b4 VW2F0 |Sampling clock select bit (6) b5 b4 R/W

0 0: fOCO-S divided by 1

bS VW2F1 0 1: fOCO-S divided by 2 RIW
1 0: fOCO-S divided by 4
1 1: fOCO-S divided by 8
b6 — Reserved bit Set to O. R/W
b7 VW2C7 |Voltage monitor 2 interrupt 0: When VCC reaches Vdet2 or above. R/W
generation condition select bit (5) 1: When VCC reaches Vdet2 or below.
Notes:

1. The VW2CQO is enabled when the VCA27 hit in the VCA2 register is set to 1 (voltage detection 2 circuit enabled).
Set the VW2CO bit to 0 (disabled) when the VCA27 bit is set to 0 (voltage detection 2 circuit disabled).
To set the VW2CO bit to 1 (enabled), follow the procedure shown in Table 6.3 Procedure for Setting Bits
Associated with Voltage Monitor 2 Interrupt.

2. When using the digital filter (while the VW2C1 bit is 0), set the CM14 bit in the CML1 register to 0 (low-speed on-
chip oscillator on).
To use the voltage monitor 2 interrupt to exit stop mode, set the VW2C1 bit in the VW2C register to 1 (digital filter
disabled).

3. The VW2C2 bit is enabled when the VCA27 bit in the VCAZ2 register is set to 1 (voltage detection 2 circuit
enabled).

4. Set this bit to 0 by a program. When 0 is written by a program, this bit is set to 0 (and remains unchanged even if
1 is written to it).

5. The VW2C7 bit is enabled when the VCAC?2 hit in the VCAC register is set to 0 (one edge). After setting the
VCAC?2 bit to 0, set the VW2C7 bit.

6. When the VW2CO bit is set to 1 (enabled), do not set the VW2C1 bit and bits VW2F1 and VW2F0 simultaneously
with one instruction).

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the VW2C register.
Rewriting the VW2C register may set the VW2C2 bit to 1. After rewriting this register, set the VW2C2 bit to 0.
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6.2.9  Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR — WDTON
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | R/W
1: Watchdog timer is stopped after reset
bl — Reserved bit Setto 1. R/W
b2 ROMCR |ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled
b3 ROMCP1 |[ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled
i i b5 b4
Eg xgzgtg Voltage detection 0 level select bit (2) 0.0: 3.80 V selected (Vdet0_3) gm
0 1: 2.85V selected (Vdet0_2)
10: 2.35V selected (Vdet0_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit (3) |0: Voltage monitor O reset enabled after reset RIW
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protect mode enabled after reset | R/IW
after reset select bit 1: Count source protect mode disabled after reset
Notes:
1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

2. The same level of the voltage detection O level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.

3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to 0 (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 13.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bits VDSELO and VDSEL 1.
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6.3 VCC Input Voltage

6.3.1 Monitoring Vdet0O
VdetO cannot be monitored.

6.3.2 Monitoring Vdetl

Once the following settings are made, the comparison result of voltage monitor 1 can be monitored by the
VW1C3 hit in the VWI1C register after td(E-A) has elapsed (refer to 31. Electrical Characteristics).

(1) SetbitsVD1S3to VD1S0inthe VDL Sregister (voltage detection 1 detection voltage).
(2) Setthe VCAZ26 bitinthe VCAZ2 register to 1 (voltage detection 1 circuit enabled).

6.3.3 Monitoring Vdet2

Once the following settings are made, the comparison result of voltage monitor 2 can be monitored by the
VCA13 bit in the VCA1 register after td(E-A) has elapsed (refer to 31. Electrical Characteristics).

 Set the VCAZ27 bit in the VCAZ2 register to 1 (voltage detection 2 circuit enabled).
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6.4 Voltage Monitor 0 Reset
To use voltage monitor O reset, set the LVDAS bit in the OFS register to 0 (voltage monitor O reset enabled after
reset).
Figure 6.5 shows an Operating Example of Voltage Monitor O Reset.

Internal reset signal

When the internal reset signal is driven low, the pins, CPU, and SFRs are initialized.
When the internal reset signal level changes from low to high,

a program is executed beginning with the address indicated by the reset vector.

Refer to 4. Special Function Registers (SFRs) for the states of the SFRs after reset.

Figure 6.5 Operating Example of Voltage Monitor 0 Reset
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6.5 Voltage Monitor 1 Interrupt

Table 6.2 lists the Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt. Figure 6.6 shows an
Operating Example of Voltage Monitor 1 Interrupt.

To use the voltage monitor 1 interrupt to exit stop mode, set the VW1CL1 bit in the VW1C register to 1 (digital filter
disabled).

Table 6.2 Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt

Step When Using Digital Filter | When Using No Digital Filter
1 Select the voltage detection 1 detection voltage by bits VD1S3 to VD1S0 in the VD1LS register.
2 Set the VCA26 bit in the VCAZ2 register to 1 (voltage detection 1 circuit enabled).
3 Wait for td(E-A).
4 Set the COMPSEL bit in the CMPA register to 1.
5(1) | Select the interrupt type by the IRQ1SEL in the CMPA register.

6 Select the sampling clock of the digital filter by | Set the VW1C1 bit in the VWL1C register to 1
bits VW1F0 and VW1F1 in the VWI1C register. | (digital filter disabled).
2@ Set the VWL1C1 bit in the VW1C registerto 0 |-
(digital filter enabled).
8 Select the interrupt request timing by the VCACL1 bit in the VCAC register and

the VW1C?7 bit in the VW1C register.
9 Set the VW1C2 bit in the VW1C register to 0.

10 Set the CM14 bit in the CM1 register to O -
(low-speed on-chip oscillator on)

11 Wait for 2 cycles of the sampling clock of — (No wait time required)
the digital filter

12 3) | Set the VWI1CO bit in the VW1C register to 1 (voltage monitor 1 interrupt enabled)

Notes:

1. When the VW1CO bit is set to 0, steps 4 and 5 can be executed simultaneously (with one instruction).

2. When the VWL1CO bit is set to 0, steps 6 and 7 can be executed simultaneously (with one instruction).

3. When making the setting while the voltage monitor 1 interrupt is disabled (the VW1CO bit in the
VW1C register is 0 and the VCA26 bit in the VCA2 register is 0), no interrupt request is generated if
VCC < Vdetl (or VCC > Vdetl) is detected before enabling the voltage monitor 1 interrupt in step 12.
If VCC < Vdetl (or VCC > Vdetl) is detected between step 10 and step 12, the VW1C2 bit is set to 1.
Read the VW1C2 bit after step 12. If this bit is read as 1, perform the processing to be executed when
the above state is detected.
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The above applies when:
« VCAZ26 bit in VCA2 register = 1 (voltage detection 1 circuit enabled)
+ VW1CO bit in VWIC register = 1 (voltage monitor 1 interrupt enabled)

Note:
1. If voltage monitor O reset is not used, set the power supply to VCC> 1.8 V.

Figure 6.6 Operating Example of Voltage Monitor 1 Interrupt
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6.6 Voltage Monitor 2 Interrupt

Table 6.3 lists the Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt. Figure 6.7 shows an
Operating Example of Voltage Monitor 2 Interrupt.
To use the voltage monitor 2 interrupt to exit stop mode, set the VW2CL1 bit in the VW2C register to 1 (digital filter

disabled).
Table 6.3 Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt
Step When Using Digital Filter | When Using No Digital Filter
1 Set the VCA27 bit in the VCAZ2 register to 1 (voltage detection 2 circuit enabled).
2 Wait for td(E-A).
3 Set the COMPSEL bit in the CMPA register to 1.
4 (1) |Select the interrupt type by the IRQ2SEL in the CMPA register.
5 Select the sampling clock of the digital filter by | Set the VW2CL1 bit in the VW2C register to 1
bits VW2F0 and VW2F1 in the VW2C register. | (digital filter disabled).
6@ Set the VW2C1 bit in the VW2C registerto 0 |-
(digital filter enabled).
7 Select the interrupt request timing by the VCAC2 bit in the VCAC register and
the VW2CY7 bit in the VW2C register.
8 Set the VW2C2 bit in the VW2C register to 0.
9 Set the CM14 bit in the CML1 register to 0 -
(low-speed on-chip oscillator on).
10 Wait for 2 cycles of the sampling clock of — (No wait time required)
the digital filter.
11 3) | Set the VW2CO bit in the VW2C register to 1 (voltage monitor 2 interrupt enabled).
Notes:

1. When the VW2CO bit is set to 0, steps 3 and 4 can be executed simultaneously (with one instruction).

2. When the VW2CO bit is set to 0, steps 5 and 6 can be executed simultaneously (with one instruction).

3. When making the setting while the voltage monitor 2 interrupt is disabled (the VW2CO bit in the
VW2C register is 0 and the VCA27 bit in the VCAZ2 register is 0), no interrupt request is generated if
VCC < Vdet2 (or VCC > Vdet?2) is detected before enabling the voltage monitor 2 interrupt in step
11. If VCC < Vdet2 (or VCC > Vdet?2) is detected between step 9 and step 11, the VW2C2 bit is set
to 1. Read the VW2C2 bit after step 11. If this bit is read as 1, perform the processing to be executed
when the above state is detected.
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The above applies when:
« VCA27 bit in VCA2 register = 1 (voltage detection 2 circuit enabled)
« VW2CO bit in VW2C register = 1 (voltage monitor 2 interrupt enabled)

Note:
1. If voltage monitor O reset is not used, set the power supply to VCC> 1.8 V.

Figure 6.7

Operating Example of Voltage Monitor 2 Interrupt
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7. 1/0 Ports

Thereare 151/0 ports P1, P3 3toP3 5, P3 7,and P4 5to P4 7 (P4_6 and P4 7 can be used as 1/O portsif the XIN
clock oscillation circuit and the XCIN clock oscillation circuit are not used.).

If the A/D converter is not used, P4 2 can be used as an input-only port.

Table 7.1 listsan Overview of 1/0O Ports.

Table 7.1 Overview of I/O Ports
. Internal Pull-Up Drive Capacity .
Ports I/O | Type of Output 1/0 Setting Resister Switch Input Level Switch
P1 I/O | CMOS3 state | Set in 1-bit units | Set in 4-bit units @) | Set in 1-bit units (2) | Set in 8-bit units )
P3_3 I/O | CMOS3 state | Set in 1-bit units | Set in 1-bit units (1) | Set in 1-bit units () | Set in 4-bit units (4)
P3 4, P3_5, I/0 |CMOS3 state | Set in 1-bit units | Set in 3-bit units (1) | Set in 3-bit units 3
P3_7
P4 5,P4 60), | /0 |CMOS3 state |Setin 1-bit units | Set in 3-bit units (1) | Set in 3-bit units (3) | Set in 4-bit units (4)
P4_7 )
P4 2 (6) I | (No output None None None
function)
Notes:
1. In input mode, whether an internal pull-up resistor is connected or not can be selected by registers PURO and
PURL.
2. Whether the drive capacity of the output transistor is set to low or high can be selected using the P1DRR
register.
3. Whether the drive capacity of the output transistor is set to low or high can be selected using registers DRRO
and DRR1.

4. The input threshold value can be selected among three voltage levels (0.35 VCC, 0.50 VCC, and 0.70 VCC)
using registers VLTO and VLT1.

5. When the XIN clock oscillation circuit and the XCIN clock oscillation circuit are not used, these ports can be
used as I/O ports.

6. When the A/D converter is not used, this port can be used as an input-only ports.

7.1 Functions of I/O Ports

ThePDi_j (j =0to7) bitinthe PDi (i = 1, 3, 4) register controls I/O of the ports P1, P3 3toP3 5,P3 7,and P4 5
to P4_7. The Pi register consists of aport latch to hold output data and a circuit to read pin states.
Figures 7.1 to 7.7 show the Configurations of 1/0O Ports. Table 7.2 lists the Functions of 1/O Ports.

Table 7.2 Functions of I/O Ports
Operation When Value of PDi_j Bit in PDi Register (1)
Accessing . S
: : When PDi_j Bitis Set to O (Input Mode) | When PDi_j Bit is Set to 1 (Output Mode)

Pi Register

Read Read the pin input level. Read the port latch.

Write Write to the port latch. Write to the pc_)rt latch. The value yvntten to

the port latch is output from the pin.

i=1,3,4,j=0to 7
Note:
1. Nothing is assigned to bits PD4_0 to PD4_2.
Also, bits PD3_0to PD3 2, PD3 6, PD4_3, and PD4_4 are reserved bits.
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7.2 Effect on Peripheral Functions
I/0O ports function as /O ports for peripheral functions (refer to Table 1.4 Pin Name Information by Pin

Number).
Table 7.3 lists the Setting of PDi_j Bit when Functioning as I/O Ports for Peripheral Functions (i =1, 3,4,j =0to

7).
Refer to the description of each function for information on how to set peripheral functions.

Table 7.3 Setting of PDi_j Bit when Functioning as I/O Ports for Peripheral Functions
(i=1,3,4,j=0to 7)

I/O of Peripheral Function PDi_j Bit Settings for Shared Pin Function
Input Set this bit to 0 (input mode).
Output This bit can be set to either 0 or 1 (output regardless of the port setting).

7.3 Pins Other than I/O Ports
Figure 7.8 shows the Configuration of 1/O Pins.
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P1OtoP1 3

Drive capacity selection

Pull-up selection

Direction
register Pin select
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(Note 1)
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1 “

Input level
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Pin select register

Input to individual peripheral function —@_j—

Analog input of A/D converter O\C

Drive capacity selection :D_

Note:

1. ———— symbolizes a parasitic diode.

Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Figure 7.1 Configuration of I/O Ports (1)

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 57 of 573



R8C/32C Group

7.1/0 Ports
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1. —k— symbolizes a parasitic diode.

Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

J Note 1)
(Note 1)

Drive capacity selection :D_

o O O
(
1

O O O o
,J J (Note 1)
b—l _I (Note 1)

switch function

!

Drive capacity selection :D_

Figure 7.2

Configuration of I/O Ports (2)
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Fan oy O

J (Note 1)
(Note 1)

IOINSEL

A

P1—6 Drive capacity selection
Pull-up selection
register Pin select
register
Output from individual
| peripheral fLawction enabled
| Output from individual
peripheral function
Data bus Port latch
IOINSEL
Input level
switch function
Pin select register
Input to individual peripheral function —@Z_
Analog input of comparator B
Drive capacity selection :D_
P1 7 i ) .
— Drive capacity selection
Pull-up selection
Direction -
register Pin select
register
Output from individual
< : peripheral function enabled h
1
Output from individual !
peripheral function_Qn\o_
Data bus —0—‘ Port latch o}

Input level

i

O O O

J (Note 1)
(Note 1)

switch function

Pin select register

Input to individual

’

i

peripheral function
Analog input of

!

comparator B

Input to external interrupt ——O~

Note:

1. —k— symbolizes a parasitic diode.

Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

o Digital H
fiiter [ Drive capacity selection

Figure 7.3 Configuration of I/O Ports (3)
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P3 3

Direction
register

Pull-up selection

Drive capacity selection

Pin select

Output from individual
| peripheral fu‘nction enabled

register

Output from individual
peripheral function

Data bus —0—‘ Port latch

A “

IOINSEL

Input level ‘

F{@
{

Input to individual

Pin select register

switch function

peripheral function
Analog input of

Q=

comparator B

P3_4

Direction
register

peripheral fu

Digital

. o—
Input to external interrupt ——O~ filter

Pull-up selection

e Drive capacity selection :D_

Drive capacity selection

Pin select

Output from individual

nction

register

enabled

(Note 1)

(Note 1)

A

Output from individual
peripheral function

Data bus —¢ Port latch

o

IOINSEL

A

Input level

v

Note:

Pin select register

Input to individual peripheral function —@_ ‘

Analog input of comparator B

switch function

IOINSEL: Bit in PINSR register

Drive capacity selection :D—

1. —k— symbolizes a parasitic diode.

Ensure the input voltage to each port does not exceed VCC.

(Note 1)

(Note 1)

Figure 7.4 Configuration of I/O Ports (4)
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P35

Pull-up selection

Direction
register

Pin select
register
Output from individual
peripheral function enabled

;

A

Output from individual
peripheral function

Data bus —¢ Port latch

e

|

Drive capacity selection

Input level

£

switch function

Pin select register

Input to individual peripheral function —@_

P3_7

Pull-up selection

Pin select

Direction
register
register
Output from individual
| peripheral fL&\ction enabled

Output from individual
peripheral function

Port latch

e

Data bus

Drive capacity selection :D_

Drive capacity selection

(Note 1)

(Note 1)

Input level
switch function

Pin select register

Input to individual /117—
peripheral function \

Note:

1. ——J——— symbolizes a parasitic diode.

Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Drive capacity selection :D_

(Note 1)

(Note 1)

Figure 7.5 Configuration of I/O Ports (5)
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P4_2/VREF

(Note 1)

| Input level
Data bus | switch function

(Note 1)

P4 5

Drive capacity selection

Pull-up selection

Direction o
register Pin select
register

Output from individual
| peripheral fu‘nction enabled

| (Note 1)
Output from individual
peripheral function

T
T

I

o

Data bus —¢ Port latch —@

F{@ i
{

(Note 1)

Input level
switch function

Pin select register

Input to individual
peripheral function

. Digital
Input to external interrupt filter

A/D trigger input

Drive capacity selection :D_

Note:

1. ——J——— symbolizes a parasitic diode.

Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Figure 7.6 Configuration of I/O Ports (6)
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P4_6/XIN/XCIN
Drive capacity selection
Pull-up selection
Direction jo3
register
Data bus —0—| Port latch . O
(Note 1)
'_CL— IOINSEL *DOEDM'_I
<
cMo1
Input level cm13 CM04, CM13
switch function o 0 Ql o o—
H i i
[ [ ]
Drive capacity selection H | !
H CcM11 | cMm12 |
XIN » i 1 XCIN
oscillation } H ! oscillation
circuit ' CMO5 ! CMO03 :circuit
P4 7/XOUT/XCOUT ) ) ) ! X RIXIN ! X RIXCIN
- Drive capacity selection ) 1 1
) 1 1
Pull-up selection | S L h ;
Direction o 0 o 1
register cMot
o—<} l_D,J (Note 1)
Data bus —0—| Port latch L 4 L4 O
(Note 1)
@— IOINSEL ‘{>®T—_Z>3<'—|
q
Input level
switch function
Drive capacity selection
Note:
1. symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
CMO01, CM03, CM04, CMO5: Bits in CMO register
CM11, CM12, CM13: Bits in CM1 register
IOINSEL: Bit in PINSR register

Figure 7.7 Configuration of I/O Ports (7)
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MODE
MODE signal input \{j T O
(Note 1)
RESET (Note 1)
RESET signal input \{/‘ O
(Note 1)

Note:
1. —k— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

Figure 7.8 Configuration of I/O Pins
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7.4 Registers

7.4.1 Port Pi Direction Register (PDi) (i=1, 3, 4)
Address 00E3h (PD1), 00E7h (PD3 (1)), 00EAh (PD4 ()

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PDi_7 | PDi 6 | PDi_5 | PDi4 | PDi_3 | PDi_2 | PDi_l1 | PDiO |

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PDi_0 [Port Pi_0 direction bit 0: Input mode (functions as an input port) R/W
bl PDi_1 |[Port Pi_1 direction bit 1: Output mode (functions as an output port) R/W
b2 PDi_2 [Port Pi_2 direction bit R/W
b3 PDi_3 |Port Pi_3 direction bit R/W
b4 PDi_4 |Port Pi_4 direction bit R/W
b5 PDi_5 [Port Pi_5 direction bit R/W
b6 PDi_6 |Port Pi_6 direction bit R/W
b7 PDi_7 |Port Pi_7 direction bit R/W

Notes:

1. Bits PD3_0 to PD3_2 and PD3_6 in the PD3 register are reserved bits. If it is necessary to set bits PD3_0 to

PD3_2 and PD3_6, set to 0. When read, the content is 0.

2. Bits PD4_0 to PD4_2 in the PD4 register are unavailable on this MCU. If it is necessary to set bits PD4_0 to
PD4_2 set to 0. When read, the content is 0. Bits PD4_3, PD4_4 are reserved bits. If it is necessary to set bits

PD4_3 and PD4_4, set to 0. When read, the content is 0.

The PDi register selects whether 1/O ports are used for input or output. Each bit in the PDi register corresponds

to one port.
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7.4.2 Port Pi Register (Pi) (i=1, 3, 4)
Address 00E1h(P1), 00ESh(P3 (1)), 00E8h(P4 (2)

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| Pi_7 | Pi6 | Pi5 | Pi4 [ Pi3 Pi_2 Pi_1 Pi_0

After Reset X X X X X X X X
Bit Symbol Bit Name Function R/W
b0 Pi_0 [PortPi_O hit 0: “L" level R/W
b1 Pi_1 [Port Pi_1 bit 1. “H" level RIW
b2 Pi_2 [Port Pi_2 bit R/W
b3 Pi_3 [Port Pi_3 bit R/W
b4 Pi_4 [Port Pi_4 bit RIW
b5 Pi_5 |Port Pi_5 bit RIW
b6 Pi_6 |Port Pi_6 bit R/W
b7 Pi_7 |Port Pi_7 bit RIW

Notes:
1. Bits P3_0to P3_2 and P3_6 in the P3 register are reserved bits. If it is necessary to set bits P3_0 to P3_2 and
P3_6, set to 0. When read, the content is 0.
2. Bits P4_0to P4_1 in the P4 register are unavailable on this MCU. If it is necessary to set bits P4_0to P4_1 set to
0. When read, the content is 0. Bits P4_3, P4_4 are reserved bits. If it is necessary to set bits P4_3 and P4_4, set
to 0. When read, the content is 0.

Data input and output to and from external devices are accomplished by reading and writing to the Pi register.
The Pi register consists of a port latch to retain output data and a circuit to read the pin status. The value written
in the port latch is output from the pin. Each bit in the Pi register corresponds to one port.

Pi_jBit(i=1,3,4,j=0to 7) (Port Pi_j Bit)
The pin level of any 1/0O port which is set to input mode can be read by reading the corresponding bit in this

register. The pin level of any 1/0O port which is set to output mode can be controlled by writing to the
corresponding bit in this register.
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7.4.3  Timer RA Pin Select Register (TRASR)
Address 0180h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Sympol| — | — | — | — | — | — |TRAIOSEL1|TRAIOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 [TRAIOSELO|TRAIO pin select bit b(l)bg_ TRAIO pin not used R/W
bl | TRAIOSELL 0 1: P1_7 assigned RIW
10: P1_5 assigned
1 1: Do not set.
b2 — Reserved bits Setto O. R/W
b3 —
b4 —
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 —
b7 —

The TRASR register selects which pin is assigned to the timer RA 1/0. To use the I/O pin for timer RA, set this
register.

Set the TRASR register before setting the timer RA associated registers. Also, do not change the setting value
in this register during timer RA operation.

7.4.4  Timer RC Pin Select Register (TRBRCSR)
Address 0181h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol [ — | — |TRCCLKSEL1|TRCCLKSELO| — | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 |TRCCLKSELO|TRCCLK pin select bit bébé TRCCLK bi ; g R/W
: pin not use
b5 |TRCCLKSEL1 01: P1_4 assigned R/W
1 0: P3_3 assigned
1 1: Do not set.
b6 — Reserved bit Set to 0. R/W

b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRBRCSR register selects which pin is assigned to the timer RC 1/O. To use the 1/O pin for timer RC, set
this register.

Set bits TRCCLKSELO and TRCCLKSEL1 before setting the timer RC associated registers. Also, do not
change the setting values of bits TRCCLKSELO and TRCCLKSEL 1 during timer RC operation.
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7.45 Timer RC Pin Select Register 0 (TRCPSRO0)
Address 0182h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — |TRCIOBSELO| — | — | — [TRCIOASELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | TRCIOASELO [TRCIOA/TRCTRG pin select bit 0: TRCIOA/TRCTRG pin not used R/W
1: P1_1 assigned

bl — Reserved bits Setto 0. R/W

b2 —

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 | TRCIOBSELO | TRCIOB pin select bit 0: TRCIOB pin not used R/W
1: P1_2 assigned

b5 — Reserved bits Setto 0. R/W

b6 —

b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRCPSRO register selects which pin is assigned to the timer RC I/O. To use the 1/O pin for timer RC, set
this register.

Set the TRCPSRO register before setting the timer RC associated registers. Also, do not change the setting value
in this register during timer RC operation.

7.4.6  Timer RC Pin Select Register 1 (TRCPSR1)
Address 0183h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |TRCIODSEL1|TRCIODSELO| — | —  |TRCIOCSEL1|TRCIOCSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TRCIOCSELO |TRCIOC pin select bit b(l)bg TRCIOC bi A q R/W
: pin not use
bl |TRCIOCSEL1 01: P1_3 assigned R/W
1 0: P3_4 assigned
1 1: Do not set.
b2 — Reserved bit Set to O. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 | TRCIODSELO |[TRCIOD pin select bit bébé TRCIOD b t used R/W
: pin not use
b5 |TRCIODSEL1 01: P1_0 assigned R/W
1 0: P3_5 assigned
1 1: Do not set.
b6 — Reserved bit Set to 0. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRCPSR1 register selects which pin is assigned to the timer RC I/O. To use the 1/O pin for timer RC, set
this register.

Set the TRCPSRL register before setting the timer RC associated registers. Also, do not change the setting value
in this register during timer RC operation.
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7.4.7 UARTO Pin Select Register (UOSR)
Address 0188h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| — | — | — |CLKOSELO| — [RXDOSELO] — |TXDOSELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 [TXDOSELO|TXDO pin select bit 0: TXDO pin not used R/W
1: P1_4 assigned

bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b2 |RXDOSELO|RXDO pin select bit 0: RXDO pin not used R/W
1: P1_5 assigned

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 |CLKOSELO|CLKO pin select bit 0: CLKO pin not used R/W
1: P1_6 assigned

b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b6 —

b7 —

The UOSR register selects which pin is assigned to the UARTO 1/0O. To use the I/O pin for UARTO, set this

register.

Set the UOSR register before setting the UARTO associated registers. Also, do not change the setting value in

this register during UARTO operation.
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7.4.8 UART2 Pin Select Register 0 (U2SR0)
Address 018Ah

Bit b7 b6 b5 b3 b2 b1l bo
Symbol | — | — |RXD2$EL1|RXD25ELO| — | — TXD2SEL1|TXD2SELO
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TXD2SELO |TXD2/SDA2 pin select bit bébg TXD2/SDAZ bi t used R/W
1 |[TXD2SELL : A< pin hot use R
b S 0 1: P3_7 assigned w
1 0: P3_4 assigned
1 1: Do not set.
b2 — Reserved bit Setto 0. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 |RXD2SELO|RXD2/SCL2 pin select bit bgtg RXD2/SCL2 bi t used R/W
: pin not use
bS | RXD2SELL 0 1: P3_4 assigned RIW
1 0: P3_7 assigned
11: P4_5 assigned
b6 — Reserved bit Set to 0. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The U2SRO register selects which pin is assigned to the UART2 I/O. To use the I/O pin for UART2, set this
register.

Set the U2SRO register before setting the UART?2 associated registers. Also, do not change the setting value in
this register during UART2 operation.

7.4.9 UART2 Pin Select Register 1 (U2SR1)
Address 018Bh

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| — | — | — |CTS2SELO| — [ — — CLK2SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |CLK2SELO |[CLK2 pin select bit 0: CLK2 pin not used R/W
1: P3_5 assigned
bl — Reserved bit Setto 0. R/W
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 | CTS2SELO | cTS2/RTS2 pin select bit 0: CTS2/RTS2 pin not used RIW
1: P3_3 assigned
b5 — Reserved bit Setto 0. R/W
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —

The U2SR1 register selects which pin is assigned to the UART2 I/O. To use the 1/0 pin for UART2, set this
register.

Set the U2SR1 register before setting the UART2 associated registers. Also, do not change the setting value in
thisregister during UART2 operation.

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 70 of 573



R8C/32C Group

7.1/0 Ports

7.4.10 SSU/IC Pin Select Register (SSUIICSR)

Address 018Ch

Bit b7 b6 b5 b4 b3 b2 bl
Symbol| — | — | — | — — | = — IICSEL
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IICSEL |[SSU/I2C bus switch bit 0: SSU function selected R/W
1: 12C bus function selected
bl — Reserved bit Setto 0. R/W
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 —
7.4.11 INT Interrupt Input Pin Select Register (INTSR)
Address 018Eh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — [ — — | — |INTI1SELO] —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl |INTISELO |NTZ pin select bit 0: P1_7 assigned R/IW
1: P1_5 assigned
b2 — Reserved bits Setto 0. R/W
b3 —
b4 —
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 — Reserved bits Setto 0. R/W
b7 —

The INTSR register selects which pinisassigned to the INT1 input. To use INT1, set this register.

Set the INTSR register before setting the INT1 associated registers. Also, do not change the setting valuesin

thisregister during INT1 operation.
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7.4.12 1/0 Function Pin Select Register (PINSR)
Address 018Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol |SDADLY1|SDADLYO| IICTCHALF|IICTCTWI| IOINSEL | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Set to O. R/W
bl —
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b3 IOINSEL |I/O port input function select bit  |0: The 1/O port input function depends on the PDi (i= | RIW
1, 3, 4) register.
When the PDi_j (j = 0 to 7) bit in the PDi register is
set to O (input mode), the pin input level is read.
When the PDi_j bit in the PDi register is set to 1
(output mode), the port latch is read.

1: The I/O port input function reads the pin input level
regardless of the PDi register.

b4 IICTCTWI [12C double transfer rate select bit |0: Transfer rate is the same as the value set with bits | R/W
CKSO0 to CKS3 in the ICCRL1 register

1: Transfer rate is twice the value set with bits CKSO
to CKS3 in the ICCRL1 register

b5 |[IICTCHALF |I2C half transfer rate select bit 0: Transfer rate is the same as the value set with bits | R/W
CKSO0 to CKS3 in the ICCRL1 register

1: Transfer rate is half the value set with bits CKSO to
CKS3 in the ICCR1 register

b6 SDADLYO |SDA digital delay select bit b7 b6 R/W

0 O: Digital delay of 3 x f1 cycles
b7 SDADLY1 0 1: Digital delay of 11 x f1 cycles RIW

1 0: Digital delay of 19 x f1 cycles
1 1: Do not set.

IOINSEL Bit (I/O port input function select bit)

The lOINSEL bit is used to select the pin level of an I/O port when the PDi_j (j =0to 7) bitinthe PDi (i =1, 3,
4) register is set to 1 (output mode). When this bit is set to 1, the 1/O port input function reads the pin input level
regardless of the PDi register.

Table 7.4 lists 1/0 Port Vaues Read by Using IOINSEL Bit. The IOINSEL bit can be used to change the input
function of al 1/0 ports except P4_2.

Table 7.4 I/0O Port Values Read by Using IOINSEL Bit

PDi_j bit in PDi register 0 (input mode) 1 (output mode)
IOINSEL bit 0 | 1 0 1
I/O port values read Pin input level Port latch value | Pin input level
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7.4.13 Pull-Up Control Register 0 (PURO)

Address 01EOh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PUO7 | PU06 | — | — | PUO3 | PU02 — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. R/W
bl —
b2 PUO2 |P1_0to P1_3 pull-up 0: Not pulled up R/W
b3 PUO3 [P1_4to P1_7 pull-up 1: Pulled up @) RIW
b4 — Reserved bits Set to 0. R/W
b5 —
b6 PUO6 |P3_3 pull-up 0: Not pulled up R/W
b7 PUO7 |[P3_4,P3 5, P3_7 pull-up 1: Pulled up (D R/W
Note:
1. When this bit is set to 1 (pulled up), the pin whose port direction bit is set to 0 (input mode) is pulled up.
For pins used asinput, the setting values in the PURO register are valid.
7.4.14 Pull-Up Control Register 1 (PUR1)
Address 01E1h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | — | — PU11 —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 —  |Reserved bit Setto 0. RIW
bl PU11 |P4_5to P4_7 pull-up 0: Not pulled up R/W
1: Pulled up (D)
b2 — Reserved bits Setto 0. R/W
b3 —
b4 —
b5 —
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b7 —
Note:

1. When this bitis set to 1 (pulled up), the pin whose port direction bit is set to O (input mode) is pulled up.

For pins used asinput, the setting values in the PURL register are valid.
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7.4.15 Port P1 Drive Capacity Control Register (P1DRR)
Address 01FOh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| P1DRR7 | P1DRR6 | P1DRR5 | P1DRR4 | P1DRR3 | P1DRR2 | P1DRR1 | P1DRRO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |P1DRRO [P1_0 drive capacity 0: Low R/W
bl [P1DRR1 [P1_1 drive capacity 1: High R/W
b2 | P1DRR2 |P1_2 drive capacity R/W
b3 |P1DRR3 |P1_3 drive capacity R/W
b4 | PIDRR4 |P1_4 drive capacity R/W
b5 |P1DRRS5 |P1_5 drive capacity R/W
b6 |P1DRR6 |P1_6 drive capacity R/W
b7 | P1DRR7 |P1_7 drive capacity R/W

Note:
1. Both “H” and “L” output are set to high drive capacity.

The P1DRR register selects whether the drive capacity of the P1 output transistor is set to low or high.
The P1DRRI bit (i = 0to 7) is used to select whether the drive capacity of the output transistor is set to low or

high for each pin.
For pins used as output, the setting values in the PLDRR register are valid.
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7.4.16 Drive Capacity Control Register 0 (DRRO)
Address 01F2h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| DRRO7 | DRRO06 | — | — | — | — | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 —
b5 —
b6 DRRO06 |P3_3 drive capacity 0: Low R/W
b7 DRRO7 |P3_4, P3_5, P3_7 drive capacity 1: High @) R/IW

Note:

1. Both “H” and “L” output are set to high drive capacity.

For pins used as output, the setting values in the DRRO register are valid.

DRRO06 Bit (P3_3 drive capacity)

The DRROG6 bit selects whether the drive capacity of the P3_3 output transistorsis set to low or high. Thisbit is
used to select whether the drive capacity of the output transistorsis set to low or high for this pin.

DRRO7 Bit (P3_4, P3_5, P3_7 drive capacity)

The DRRO7 hit selects whether the drive capacity of the P3_4, P3 5, P3_7 output transistors is set to low or
high. Thisbit is used to select whether the drive capacity of the output transistorsis set to low or high for three
pins.

7.4.17 Drive Capacity Control Register 1 (DRR1)
Address 01F3h

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf| — | — | — | — | — | — |DRRIll —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
) —  |Reserved bit Setto 0. RIW
bl DRR11 |P4_5to P4_7 drive capacity 0: Low R/W
1: High (1)
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 — Reserved bits Set to 0. R/W
b4 —
b5 —
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —
Note:

1. Both “H” and “L” output are set to high drive capacity.

For pins used as output, the setting values in the DRRL1 register are valid.

DRR11 Bit (P4_5to P4_7 drive capacity)

The DRR11 bit selects whether the drive capacity of the P4_5 to P4_7 output transistors is set to low or high.
Thisbit is used to select whether the drive capacity of the output transistorsis set to low or high for four pins.
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7.4.18 Input Threshold Control Register 0 (VLTO)
Address 01F5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | VLTO07 | VLTO06 | — | — | VLTO03 | VLT02 | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Set to 0. R/W
bl —
b2 VLTO02 |P1input level select bit bgbé 0.50 x VCC R/W
:0.50 x
b3 VLT03 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.
b4 — Reserved bits Set to 0. R/W
b5 —
b6 VLTO06 [P3_3toP3_5,P3 7 inputlevel select bébg. 0.50 x VCC R/W
bit e
b7 vLTo7 01:0.35 xVCC RIW
10:0.70 x VCC
1 1: Do not set.

The VLTO register selects the voltage level of the input threshold values for ports P1, P3_3to P3 5, and P3_7.
Bits VLTO02 to VLTO3 and bits VLTO06 to VLTO7 are used to select the input threshold values among three
voltage levels (0.35 VCC, 0.50 VCC, and 0.70 VCC).

7.4.19 Input Threshold Control Register 1 (VLT1)
Address 01F6h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | — | VLT11 | VLT10
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 VLT10 |P4_2, P4 _5to P4_7 inputlevel select bébg. 0.50 x VCC R/W
bl VLTIL |bi 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.
b2 — Reserved bits Set to 0. R/W
b3 —
b4 —
b5 —
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —

The VLT1 register selects the voltage level of the input threshold values for ports P4 2 and P4 5to P4 7. Bits
VLT10 to VLT15 are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50
VCC, and 0.70 VCC).
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7.5 Port Settings
Tables 7.5t0 7.25 list the port settings.

Table 7.5  Port P1_O/KIO/ANS/TRCIOD

Register | PD1 KIEN ADINSEL TRCPSR1 Timer RC Setting
. CH ADGSEL TRCIODSEL Function
Bit PD1 0 | KIOEN —
2 1 0 1 0 1 0
0 X X | X | X | X | X | Otherthan 01b X Input port (1)
1 X X | X | X | X | X | Otherthan 01b X Output port (2)
0 1 X | X | X | X | X | Otherthan 0lb X KIO input @
S\’/e;t:lnf 0 0 0| 0| 0| 0| 1 | Otherthan0lb X A/D converter input (AN8) (1)
Refer to Table 7.25
i 1
0 X X X X X X 0 1 TRCIOD Pin Setting TRCIOD input (1)
Refer to Table 7.25
2
X X X X X X X 0 1 TRCIOD Pin Setting TRCIOD output ()
X:0or1l
Notes:

1. Pulled up by setting the PUO2 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRRO bit in the P1DRR register to 1.

Table 7.6 Port P1_1/KIJAN9/TRCIOA/TRCTRG

Register | PD1 KIEN ADINSEL TRCPSRO Timer RC Setting
. CH ADGSEL Function
Bit PD1_1 | KI1IEN TRCIOASELO —
2 1 0 1 0
X X X X X X 0 X Input port (1)
1 X X | X[ X | X | X 0 X Output port (2)
1 X | X | x| x| X 0 X KI1 input @
S\/eatltijnf 0 0 o|lo|1|0]|1 0 X A/D converter input (AN9) ()
Refer to Table 7.22
i 1
0 X X X X X X 1 TRCIOA Pin Setting TRCIOA input (1)
Refer to Table 7.22
2
X X X X X X X 1 TRCIOA Pin Setting TRCIOA output (2)
X:0o0r1l
Notes:

1. Pulled up by setting the PUO2 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRR1 bit in the P1DRR register to 1.

Table 7.7 Port P1_2/KI2/AN10/TRCIOB

Register | PD1 KIEN ADINSEL TRCPSRO Timer RC Setting
. CH ADGSEL Function
Bit PD1_2 | KI2EN TRCIOBSELO —
2 1 0 1 0
0 X X | X[ X | X | X 0 X Input port (1)
1 X X | X | X | X | X 0 X Output port ()
0 1 X | X[ X | X |X 0 X K2 input @)
S\/eatltijnf 0 0 of1]0]0]|1 0 X A/D converter input (AN10) (1)
Refer to Table 7.23
i 1
0 X X | X[ X | X | X 1 TRCIOB Pin Setting TRCIOB input (1)
Refer to Table 7.23
2
X X X | X | X | X | X 1 TRCIOB Pin Setting TRCIOB output (2)
X:0o0r1l
Notes:

1. Pulled up by setting the PUO2 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRR2 bit in the P1DRR register to 1.
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Table 7.8 Port P1_3/KI3/AN11/TRCIOC
Register | PD1 KIEN ADINSEL TRCPSR1 | Timer RB Setting | Timer RC Setting
. CH ADGSEL | TRCIOCSEL Function
Bit PD1_3 | KI3EN — —
2l 1]Jofl1]o] 1] o0
Other than | Otherthan TRBO
1
0 X X X X X X 01b usage conditions X Input port ()
Other than | Otherthan TRBO
2
X X X XX X 01b usage conditions X Output port )
0 1 X X X X X Other than | Otherthan T_R_BO X K3 input (@)
01b usage conditions
0 0 0 1 1 0 1 Other than | Otherthan T_RBO X A/D converter
Setting 01b usage conditions input (AN11) (1)
Value Refer to Table
X X X | X | X | X | X X X 7.21 TRBO Pin X TRBO output (2)
Setting
Refer to Table
0 X X | x| x| x|x]| o 1 |OtherthanTRBO | 25 recioc [TReIOC input @
usage conditions : ;
Pin Setting
Refer to Table
X X | x| x| x|x|x]| o 1 |OtherthanTRBO | 25 rrcioc | TRCIOC output @
usage conditions : :
Pin Setting
X:00r1l
Notes:
1. Pulled up by setting the PUO2 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRR3 bit in the P1DRR register to 1.
Table 7.9 Port P1_4/TXDO/TRCCLK
Register PD1 UOSR UOMR TRBRCSR TRCCR1
. SMD TRCCLKSEL TCK Function
Bit PD1_4 | TXDOSELO
- 2 1 0 1 0 2 1 0
0 X X X X X | Input port (1)
0 X X X X X X X X | Output port (2)
. 0 1
Setting
0 0
Value 1 L n X X X X X | TXDO output (2. 3)
1 0
0 X X X 0 1 1 0 1 | TRCCLK input @)
X:0o0r1
Notes:

1. Pulled up by setting the PUO3 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRR4 bit in the P1DRR register to 1.
3. N-channel open-drain output by setting the NCH bit in the UOCO register to 1.
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Table 7.10 Port P1_5/RXDO/TRAIO/INT1
Register | PD1 UOSR TRASR TRAIOC TRAMR INTSR INTEN | INTCMP
. TRAIOSEL TMOD INT1SEL Function
Bit PD1_5 | RXDOSELO TOPCR INT1EN | INT1CPO
1 ] o 21 ]of2]1]o
0 X Other than 10b X X X | X X X X Input port (1)
1 X Other than 10b X X X X | X|X]|X X X Output port (2)
0 1 Other than 10b X X X X | X|X|X X X RXDO input (1)
Other than
i 1
0 X 1 0 0 000b, 001b X | X | X X X TRAIO input (1)
0 X Other than 10b X X I X ‘ X |0]0]|1 1 0 INTL input @
Setting Other than -
Value 0 X 1 0 0 ooob,ootb | 9]°|1 1 0 TRAIO/INT1 input ()
X X 1 0 0 oo |1 [x|x|x| x x | TRAIOpulse
output (2)
TRAIO/RXDOinput
0 1 1 0 0 Master mode: | X | X | X X X (Hardware LIN)
000b —
Slave mode: TRAIO/RXDO/INT1
0 1 1 0 0 011b o(o0|1 1 0 input (Hardware
LIN)
X:0orl
Notes:
1. Pulled up by setting the PUO3 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRRS5 bit in the P1DRR register to 1.
Table 7.11 Port P1_6/CLKO/IVREF1
Register | PD1 UOSR UOMR INTCMP
. SMD Function
Bit PD1_6 | CLKOSELO 2 1 0 CKDIR | INT1CPO
0 0 X X X X X Input port (1)
) 1 0 X X X X X Output port (2)
Setting - 1
Value 0 1 X X X 1 X CLKO (external clock) input (1)
X 1 0 0 1 0 X CLKO (internal clock) output ()
0 0 X X X X 1 Comparator B1 reference voltage input (IVREF1)
X:0or1l
Notes:

1. Pulled up by setting the PUO3 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRR6 bit in the P1DRR register to 1.

Table 7.12 Port P1_7/INT1/TRAIO/IVCMP1
Register | PD1 TRASR TRAIOC TRAMR INTSR INTEN | INTCMP
. TRAIOSEL TMOD INT1SEL Function
Bit PD1_7 TOPCR INT1EN | INT1CPO
1 | o 2[1]Jol2]1]o0
0 Other than 01b X X[ X | X[ X]|X]|X X X Input port (1)
Other than 01b X X[ X | X[ X]|X|X X X Output port (2)
Other than
i 1
0 0 1 0 000b, 001b X | X | X X X TRAIO input (1)
Setting —
value 0 Other than 01b X X l X | X|10]0]|oO 1 0 INTZ input @
Other than R
0 0 1 0 ooob,oob | 0] 9] °© 1 0 | TRAIO/INTZ input @)
X 0 1 0 0|0 |1]|X|X]|X X X TRAIO pulse output (2)
0 Other than 01b X X | X | X | X | X]|X 1 1 Comparator B1 input (IVCMP1)
X:0or1l
Notes:

1. Pulled up by setting the PUO3 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRR7 bit in the P1DRR register to 1.
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Table 7.13 Port P3_3/INT3/TRCCLK/SCS/CTS2/RTS2/IVCMP3
Register | PD3 | SSMR2 | INTEN TRBRCSR TRCCR1 U2SR1 U2MR u2Co INTCMP
. CSS TRCCLKSEL TCK SMD Function
Bit PD3_3 INT3EN CTS2SELO CRS [CRD | INT3CPO
- 1 0 1 0 2 1 0 2 1 0
0 0 0 X X X X X X 0 X X X X X X Input port ()
1 0|0 X X X X | X | X 0 X | X | X X X X Output port ()
0 0 0 1 X X X X X 0 X X X X X 0 INT3 input (1)
0 0 0 X 1 0 1 0 1 0 X | X | X X X X TRCCLK input (1)
X 0 1 X X X X X X X X X X X SCS input (1)
Settin 1 0 N
Valueg X 1 1 X X X X X X X X X X X SCS output 2. 3)
Other than —=.
0 0o X X X X | X | X 1 000b 0 0 X CTS2 input @
x |o]o X X X X | x| x 1 Otherthan | , | g X  |RTS2 output @
000b
Comparator B3 input
0 0 0 1 Other than 10b | X X X 0 X X X X X 1 (IVCMP3)
X:0or1l
Notes:

1. Pulled up by setting the PUO06 bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO6 bit in the DRRO register to 1.
3. N-channel open-drain output by setting the CSOS bit in the SSMR2 register to 1 (N-channel open-drain output).

Table 7.14 Port P3_4/TRCIOC/SSI/RXD2/SCL2/TXD2/SDA2/IVREF3
Synchronous Serial
Communication Unit
Register| PD3 |ssulicsr| (RefertoTable 244 oo pop, U2SRO U2MR  |U2SMR|INTCmp| Timer RC
Association between Setting
Communication Function
Modes and I/O Pins.)
TRCIOC | RXD2 TXD2
i MD
Bit |PD3 4| ICSEL Si'oﬁt'rtoﬂ“t Sg)'&;g?t SEL SEL SEL S lic™ 'g'gg —
1Jol1Jol1To 1]o0
Other Other Other 1
0 X 0 0 than 10b | than 01b | than 10b X x| x X X X Input port
Other Other Other >
1 X 0 0 than 10b | than 01b | than 10b Xp x| x X X X Output port (2
Refer to
Other Other Table 7.24 |TRCIOC
0 X 0 0 119 lthanotb |thantop | X | X | X | X X | TrcioC [input @
Pin Setting
Refer to
Other Other Table 7.24 |TRCIOC
X X 0 0 11 9 lthanotb [thantop | X | X | X | X X | TRcIoC |output @
Pin Setting
X 0 X X X X X X X X X X X X SSlinput @)
Setting X 0 X X X X X X X X X X X X SSl output (2, 3)
Value Other Other .
0 X 0 0 than 10b 0 1 than 10b X X X X X X RXD2 input ()
Other SCL2 input/
0 X 0 0 X X 0 1 than 10b 0 1 0 1 X X output 2. 9
0 1
0 0 TXD2
X X 0 0 X X X | X 1 0 1 B X X X output 2. 9
1 0
0 X 0 0 x| x|x|x|1]lo]lo|1]o] 1 X x  |SPA2inpuy
output (2. 4)
Comparator B3
Other Other Other reference
0 X 0 0 than 10b | than O1b | than 10b X x| x X 1 X voltage input
(IVREF3)
X:0or1l
Notes

1. Pulled up by setting the PUO7 bit in the PURO register to 1.

2. Output drive capacity high by setting the DRRO7 bit in the DRRO register to 1.

3. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output) and setting the BIDE bit in the
SSMR2 register to 0 (standard mode).
4. N-channel open-drain output by setting the NCH bit in the U2CO register to 1.
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Table 7.15  Port P3_5/SCL/SSCK/TRCIOD/CLK?2

Synchronous Serial
Communication Unit (Refer Timer RC
Register| PD3 |SSUIICSR [ICCR1| to Table 24.4 Association | TRCPSR1 U2SR1 U2MR Settin
between Communication 9 Function
Modes and 1/O Pins.)
i TRCIODSEL SMD
Bt |PD3.5| ncsEL | Ice |SSCKoutput | SSCKinput CLK2SELO CKDIR —
= control control 1 0 2(1({0
0 X 0 0 Other than
0 0 X|X|[X]| X X Input port (1)
1 0 X X 10b put p
0 X 0 0 Other than
1 0 X[X[X| X X Output port (2)
1 0 X X 10b put p
X 1 1 X X X X X X[x[x| X X SCL input/output @
X 0 X 0 1 X X X X|X|X| X X SSCK input )
X 0 X 1 0 X X X X|X|X| X X SSCK output (2. 3)
Setting 0 X 0 0 Refer to Table
Value 0 1 0 0 X|X[X| X | 7.25 TRCIOD |TRCIOD input (1)
1 0 X X Pin Setting
0 X 0 0 Refer to Table
X 1 0 0 X[X|X| X | 7.25 TRCIOD |TRCIOD output (2)
1 0 X X Pin Setting
0 X 0 0 .
0 X X 1 X[X[X| 1 X CLK2 input (@)
1 0 X X
0 X 0 0
X X X 1 0|0|1| O X CLK2 output (2.4
1 0 X X
X:0o0rl
Notes:

Pulled up by setting the PUO7 bit in the PURO register to 1.

Output drive capacity high by setting the DRRO7 bit in the DRRO register to 1.

N-channel open-drain output by setting the SCKOS bit in the SSMR2 register to 1 (N-channel open-drain output).
N-channel open-drain output by setting the NODC bit in the U2SMR3 register to 1.

PONPE

Table 7.16  Port P3_7/SSO/TXD2/SDA2/RXD2/SCL2/TRAO/SDA

Synchronous Serial
Communication Unit (Refer
Register | PD3 | SSUIICSR [ICCRL1| to Table 24.4 Association U2SR0O U2MR U2SMR | TRAIOC
between Communication Eunction
Modes and I/O Pins.)
i RXD2SEL | TXD2SEL SMD
Bt |PD3 7| ncseL | icg | SSOoutut | SSOinput IIcM | TOENA
- control control 1 | ofl1lof2]12]o0
1 0 X X Otherthan |Otherthan
1
0 o X o o 10b o01b X | X | X X 0 Input port 1)
1 0 X X Otherthan |Otherthan
2
1 B " o o 10b o01b X | X | X X 0 Output port (2
X 1 1 X X X | X[ X | X | X]|X]|X X X SDA input/output (2)
X 0 X 0 1 X | X[ x| x| x| x]x X X |SSOinput ()
X 0 X 1 0 X X X X X X X X X SSO output (2, 3)
1 0 X X Otherthan
0 1] 0 X | X | X X 0 RXD2 input (1)
_ 0 X 0 0 01b Py
Setting 1 0 X X otherth —
Value therthan SCL2 inpu
0 0 X 0 0 . 0 01b opr]o 1 X output 2. 4)
0 1
1 0 X X — 0 T
TXD2
X % % 0 ! 1 1 X X output (2. 4)
0 X 0 0
1
1 0 X X i
0 x| x|o|l1|lo|1]o]| 1 x |SPA2input
0 X 0 0 output (2. 4)
1 0 X X Otherthan |Otherthan
2
X o ~ o o 10b o01b X | X | X X 1 TRAO output (2)
X:0or1l
Notes:
1. Pulled up by setting the PUO7 bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO7 bit in the DRRO register to 1.
3. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output).
4. N-channel open-drain output by setting the NCH bit in the U2CO register to 1.
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Table 7.17  Port P4_2/VREF

Register ADCON1 )
- Function
Bit ADSTBY
Setting 0 Input port
Value 1 Input port/VREF input

Table 7.18  Port P4_5/INTO/RXD2/SCL2/ADTRG

Register PD4 INTEN U2SRO U2MR U2SMR ADMOD
. RXD2SEL SMD ADCAP Function
Bit PD4_5 INTOEN IICM
1 | o 2] 1]o 1 0
0 X Other than 11b | X X X X X X | Input port 1)
1 X Other than 11b | X X X X X X | Output port (2)
Setting 0 1 Other than 11b | X X X X X X INTO input (1)
Value 0 X 1 1 X X X X X X RXD2 input (1)
0 X 1 1 0 1 0 1 X X | SCL2 input/output (2, 3)
0 1 Other than 11b | X X X X 1 1 | ADTRG input ()
X:0orl
Notes:

1. Pulled up by setting the PU11 bit in the PURL register to 1.
2. Output drive capacity high by setting the DRR11 bit in the DRR1 register to 1.
3. N-channel open-drain output by setting the NCH bit in the U2CO register to 1.

Table 7.19  Port P4_6/XIN/XCIN

Register | PD4 CMO CM1 Circuit specifications
illati Function
Bit  |PD4_6|CMo1|CcM03|cMo4|cMos|cM10|cM1|cmiz|cmag|OScilation Feedback
- buffer resistor
0 X X 0 X 0 X X 0 OFF OFF  |Input port (1)
X X 0 X 0 X X 0 OFF OFF  |Output port (2)
XIN-XOUT oscillation
0 0 ON ON (on-chip feedback resistor enabled)
XIN-XOUT oscillation
! ON OFF (on-chip feedback resistor disabled)
0 X X 0 X ! XIN-XOUT oscillation stop
1 0 OFF ON (on-chip feedback resistor enabled)
. XIN-XOUT oscillation stop
Settin
Valueg ! OFF OFF (on-chip feedback resistor disabled)
X XCIN-XCOUT oscillation
0 0 ON ON (on-chip feedback resistor enabled)
XCIN-XCOUT oscillation
1 1 0 L 1 ON OFF (on-chip feedback resistor disabled)
X X XCIN-XCOUT oscillation stop
1 0 OFF ON (on-chip feedback resistor enabled)
XCIN-XCOUT oscillation stop
L OFF OFF (on-chip feedback resistor disabled)
X X X 1 X X OFF OFF |Oscillation stop (STOP mode)
X:0o0r1
Notes:

1. Pulled up by setting the PU11 bit in the PURL1 register to 1.
2. Output drive capacity high by setting the DRR11 bit in the DRR1 register to 1.
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Table 7.20  Port P4_7/XOUT/XCOUT

Register | PD4 CMO CM1 Circuit specifications
illati Function
Bit  |PD4_7|cMo1|CcM03|cMoa|cMos|cmio|cmi1|cmiz|cmrs|OSciiation) Feedback
buffer resistor
0 X X 0 X 0 X X 0 OFF OFF Input port (1)
1 X X 0 X 0 X X 0 OFF OFF  |Output port (2)
XIN-XOUT oscillation
0 0 ON ON (on-chip feedback resistor enabled)
XIN-XOUT oscillation
L ON OFF (on-chip feedback resistor disabled)
0 X X 0 X ! XIN-XOUT oscillation stop
1 0 OFF ON (on-chip feedback resistor enabled)
Setting 1 OFF OFE XIN-XQUT oscillation _stop _
Value (on-chip feedback resistor disabled)
X XCIN-XCOUT oscillation
0 ON ON . )
0 (on-chip feedback resistor enabled) (3)
XCIN-XCOUT oscillation
1 N FF
1 1 0 1 © © (on-chip feedback resistor disabled) (3)
X X XCIN-XCOUT oscillation stop
1 0 OFF ON (on-chip feedback resistor enabled)
XCIN-XCOUT oscillation stop
L OFF OFF (on-chip feedback resistor disabled)
X X X 1 X X OFF OFF |Oscillation stop (STOP mode)
X:0o0r1
Notes:

1. Pulled up by setting the PU11 bit in the PURL register to 1.

2. Output drive capacity high by setting the DRR11 bit in the DRR1 register to 1.

3. Since the XCIN-XCOUT oscillation buffer operates with internal step-down power, the XCOUT output level cannot be used as
the CMOS level signal directly.
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Table 7.21  TRBO Pin Setting
Register TRBIOC TRBMR .
. Function
Bit TOCNT TMOD1 TMODO
0 0 1 Programmable waveform generation mode (pulse output)
Setting 1 0 1 Programmable waveform generation mode (programmable output)
Value 0 1 0 Programmable one-shot generation mode
0 1 1 Programmable wait one-shot generation mode
Table 7.22  TRCIOA Pin Setting
Register | TRCOER | TRCMR TRCIORO TRCCR2 Function
Bit EA PWM2 I0A2 I0A1 I0A0 TCEG1 TCEGO
0 -
0 1 0 X X Timer waveform outpgt
1 (output compare function)
Setting 0 ) ) i
Value 1 1 1 X X X Timer mode (input capture function)
0 1
1 0 X X 1 X PWM2 mode TRCTRG input
X:0or1l
Table 7.23  TRCIOB Pin Setting
Register | TRCOER TRCMR TRCIORO .
- Function
Bit EB PWM2 PWMB 10B2 I0B1 10BO
0 0 X X X X PWM2 mode waveform output
0 1 1 X X X PWM mode waveform output
Setting 0 1 Timer waveform output (output compare
0 1 0 0 .
Value 1 X function)
0
1 1 0 1 X X Timer mode (input capture function)
X:0orl
Table 7.24  TRCIOC Pin Setting
Register TRCOER TRCMR TRCIOR1 .
i Function
Bit EC PWM2 PWMC 10C2 I0C1 10CO
0 1 1 X X X PWM mode waveform output
0 1 Timer waveform output (output compare
Setting 0 1 0 0 : put (outp p
1 X function)
Value o
1 1 0 1 X X Timer mode (input capture function)
X:0o0r1
Table 7.25  TRCIOD Pin Setting
Register TRCOER TRCMR TRCIOR1 .
- Function
Bit ED PWM2 PWMD 10D2 10D1 10DO0
0 1 1 X X X PWM mode waveform output
0 1 Timer waveform output (output compare
Setting 0 1 0 0 : put (outp p
1 X function)
Value 5
1 1 0 1 X X Timer mode (input capture function)
X:0o0r1
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7.6 Unassigned Pin Handling
Table 7.26 lists Unassigned Pin Handling. Figure 7.9 shows the Unassigned Pin Handling.

Table 7.26  Unassigned Pin Handling

Pin Name Connection

« After setting to input mode, connect each pin to VSS via a resistor (pull-down)
or connect each pin to VCC via a resistor (pull-up). (2)

« After setting to output mode, leave these pins open. (1. 2)

Ports P1, P3_3to P3_5,
P3 7,P4 5to P4 7

Port P4 2/VREF Connect to VCC
RESET (3 Connect to VCC via a pull-up resistor (2)
Notes:

1. If these ports are set to output mode and left open, they remain in input mode until they are switched
to output mode by a program. The voltage level of these pins may be undefined and the power
current may increase while the ports remain in input mode.

The content of the direction registers may change due to noise or program runaway caused by
noise. In order to enhance program reliability, the program should periodically repeat the setting of
the direction registers.

2. Connect these unassigned pins to the MCU using the shortest wire length (2 cm or less) possible.

3. When the power-on reset function is in use.

MCU
Port P1, (Input mode ) ’\/\/\/
P3_3to P3_5, : :
P3 7, : \
P4 5top4 7  (INPutmode) Wy
(Output mode) Open

RESET @ M

Port P4_2/VREF

Note:
1. When the power-on reset function is in use.

Figure 7.9 Unassigned Pin Handling
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8. Bus

The bus cycles differ when accessing ROM, RAM, DTC vector area, DTC control data and when accessing SFR.
Table 8.1 lists Bus Cycles by Access Area of R8C/32C Group.
ROM, RAM, DTC vector area, DTC control data and SFR are connected to the CPU by an 8-hit bus. When accessing

in word (16-hit) units, these areas are accessed twice in 8-bit units.

Table 8.2 shows Access Units and Bus Operations.

Table 8.1 Bus Cycles by Access Area of R8C/32C Group
Access Area Bus Cycle
SFR/Data flash 2 cycles of CPU clock

Program ROM/RAM

1 cycle of CPU clock

Table 8.2 Access Units and Bus Operations
ROM (program ROM), RAM,
Area SFR, Data flash DTC vector area, DTC control data
Even address CPU clock CPU clock
Byt access N I N
Address X Even X Address
Odd address
Byte ACCESS CPU clock | |‘ CPU clock | | | | |—
Address X Odd X Address
Even address CPU clock CPU clock | | | | r
Word access
Address X Even X Even+1 X Address X Even X Even+1 X
Odd address | cpy clock ,_l_,_|_,_\_,_\_,_ CPU clock | | | | [
Word access
Address X__0dd X _odd+1 X |Address X__odd X odd+1 X
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However, only the following SFRs are connected with the 16-bit bus:

Interrupts: Each interrupt control register
Timer RC: Registers TRC, TRCGRA, TRCGRB, TRCGRC, and TRCGRD
SSU: Registers SSTDR, SSTDRH, SSRDR, and SSRDRH
UART2: Registers U2MR, U2BRG, U2TB, U2C0, U2C1, U2RB, U2SMR5, U2SMR4, U2SMR3, U2SMR2,

and U2SMR
A/D converter: Registers ADO, AD1, AD2, AD3, AD4, AD5, AD6, AD7, ADMOD, ADINSEL, ADCONO,

and ADCON1

Address match interrupt: Registers RMADO, AIERO, RMAD1, and AIER1
Therefore, they are accessed once in 16-bit units. The bus operation is the same as “Area: SFR, Data flash, Even
address Byte Access’ in Table 8.2 Access Units and Bus Operations, and 16-bit datais accessed at atime.
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9. Clock Generation Circuit

The following five circuits are incorporated in the clock generation circuit:
* XIN clock oscillation circuit

* XCIN clock oscillation circuit

* Low-speed on-chip oscillator

« High-speed on-chip oscillator

« Low-speed on-chip oscillator for watchdog timer

9.1 Overview

Table 9.1 lists the Specification Overview of Clock Generation Circuit. Figure 9.1 shows a Clock Generation
Circuit (With XIN and XCIN Pins Shared). Figure 9.2 shows a Peripheral Function Clock and Figure 9.3 shows a
Procedure for Reducing Internal Power Consumption Using VCAZ20 bit.

Table 9.1 Specification Overview of Clock Generation Circuit
On-Chip Oscillator -
feom XINClook | XCINClock e e P P et 6 Chip Osolator
Oscillation Circuit | Oscillation Circuit 9! Spet_a ow Spee_ P -
On-Chip Oscillator | On-Chip Oscillator | for Watchdog Timer
Applications * CPU clock * CPU clock » CPU clock * CPU clock * Watchdog timer
source source source source clock source
« Peripheral « Peripheral * Peripheral « Peripheral
function clock function clock function clock function clock
source source source source
* CPU and * CPU and
peripheral peripheral
function clock function clock
source when XIN | source when XIN
clock stops clock stops
oscillating oscillating
Clock frequency | 0 to 20 MHz 32.768 kHz Approx. 40 MHz (3) | Approx. 125 kHz | Approx. 125 kHz
Connectable « Ceramic « Crystal - - -
oscillator resonator oscillator
* Crystal
oscillator
Oscillator XIN, XOUT (1) XCIN, XCOUT (@) |- (@) - -
connect pins
Oscillation stop, | Usable Usable Usable Usable Usable
restart function
Oscillator status | Stop Stop Stop Oscillate Stop 4
after reset Oscillate (5)
Others Externally « Externally - - -
generated clock generated clock
can be input () can be input
* On-chip
feedback
resistor Rf
(connected/
not connected
selectable)
Notes:

1. These pins can be used as P4_6 or P4_7 when using the on-chip oscillator clock as the CPU clock while the
XIN clock oscillation circuit and the XCIN clock oscillation circuit are not used.

2. Toinput an external clock, set the CMO5 bit in the CMO register to 1 (XIN clock stops), the CM11 bit in the CM1
register to 1 (internal feedback resistor disabled), and the CM13 hit to 1 (XIN-XOUT pin).

3. The clock frequency is automatically set to up to 20 MHz by a divider when using the high-speed on-chip
oscillator as the CPU clock source.

4. This applies when the CSPROINI bit in the OFS register is set to 1 (count source protection mode disabled after reset).

5. This applies when the CSPROINI bit in the OFS register is set to 0 (count source protection mode enabled after reset).
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CSPRO Low-speed on-chlp_oscnlator fOCO-WDT\
for watchdog timer
fCc
fCc4
fC [
g ) [ }—] 12 vg ——— 132
Frequency adjustable
FRA0O High-speed |
- on-chip oscillator FRA2 registerl foco4oM
fOCO-F
FRAO1 =1 3 fOCO (On-chip|oscillator clock) ioheral
foco Peripheral
FRA0L=0 FRA03 =10 Divider I:lfgglilon
O fOCO128
(1/128)
FRAO03 =0
Low-speed
on-chip OZCillator | Power-on reset circuit
CMm14 j: focos | | :I
CM10 = 1 (stop mode)— S Q|—¢
(stop ) Q Voltage detection circuit
RESET R fOoCo-s
b N “
Power-on reset 7
Software reset c N
Voltage monitor 0 reset 1% f2
Interrupt request |
sQ Oscillation stop detection d l’> 4
WAIT instruction e
cM30 R XIN clock f8
. ocD2=1 9
Stop signal 32 J
—o ovier ' ——q N, ook
XOUT/XCOUT ocpz=0
XIN/XCIN cMO7 =0
CM01=0
fC———o0
CM13 CM07 =1
CMO05 /
r System clock
- CM02 1@_
*<{>—\I\ 4_/ / \
CMO04 g
CMO1
cM0o3 XIN clock b c
. a _L_ 1/2 —L— 1/2 1/2 J
XCIN clock CM06 =0
'/ CM17 to CM16 = 11b
h
CMO06 =0
CMO02, CM03, CM04, CM05, CM06, CMO07: Bits in CMO register CM17 to CM16 = 01b
CM10, CM13, CM14, CM16, CM17: Bits in CM1 register
CM30: Bit in CM3 register
OCDO0, OCD1, OCD2: Bits in OCD register CMO06 =0
FRAO00, FRAO1, FRAO3: Bits in FRAO register CM17 to CM16 = 00b Detail of divider

Oscillation Stop Detection Circuit

Forcible discharge when OCDO =0

Charge/discharge
circuit

OCD1

Pulse generation circuit
for clock edge detection
and charge/discharge
control

XIN clock — Os

Interrupt generation circuit

cillation stop detection

Oscillation stop detection,
Watchdog timer,

Voltage monitor 1 interrupt,
Voltage monitor 2 interrupt

Watchdog timer interrupt.

Voltage monitor 1 interrupt.
Voltage monitor 2 interrupt

—P» OCD2 bit switch signal

L CM14 bit switch signal

Figure 9.1

Clock Generation Circuit (With XIN and XCIN Pins Shared)
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fCc

fC4
fC32
fOCO40M

fOC0O128

foco
fOCO-F

fOCO-WDT »| Watchdog
timer

A
Y _V N Y.V \ 4

v \ 4 A v SSu/
[INTO | [Timer RA] [Timer RB] |[Timer RC] [Timer RE| [ AD converter | [UARTO] [UART2] | I2C bus
AAA A A A A A A AAAAA A A A A A A A A A A A A

32

CPU clock » CPU

Figure 9.2 Peripheral Function Clock
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9.2 Registers

9.2.1  System Clock Control Register 0 (CMO0)
Address 0006h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CMO7 | CM06 | CMO5 | CMO04 | CMO3 | CMO02 | CMOl1 —
After Reset 0 0 1 0 1 0 0 0
Bit [Symbol Bit Name Function R/W
b0 — |Reserved bit Setto 0. R/W
bl CMO1 [ XIN-XCIN switch bit 0: P4_6 and P4_7 set as XIN-XOUT pin R/W
1: P4_6 and P4_7 set as XCIN-XCOUT pin
b2 CMO02 [Wait mode peripheral function clock |0: Peripheral function clock does not stop in wait mode | R/W
stop bit 1: Peripheral function clock stops in wait mode
b3 CMO03 [XCIN clock stop bit 0: XCIN clock oscillates R/W
1: XCIN clock stops
b4 | CMO4 [Port/XCIN-XCOUT switch bit (5) 0:1/0 ports P4_6 and P4_7 RIW
1: XCIN-XCOUT pin (6)
b5 | CMO5 |XIN clock (XIN-XOUT) stop bit (1, 3) [0: XIN clock oscillates R/W
1: XIN clock stops ()
b6 CMO06 |CPU clock division select bit 0 4) 0: Bits CM16 and CM17 in CML1 register enabled R/W
1: Divide-by-8 mode
b7 | CMO7 |XIN, XCIN clock select bit (7) 0: XIN clock R/W
1: XCIN clock

Notes:

1. The CMO5 bit stops the XIN clock when the high-speed on-chip oscillator mode or low-speed on-chip oscillator
mode is selected. This bit cannot be used to detect whether the XIN clock has stopped. To stop the XIN clock,
set the bits in the following order:

(a) Set bits OCD1 to OCDO in the OCD register to 00b.

(b) Set the OCD2 bit to 1 (on-chip oscillator clock selected).

During external clock input, only the clock oscillation buffer stops and clock input is acknowledged.

Only when the CMO5 bit is set to 1 (XIN clock stops) and the CM13 bit in the CM1 register is set to 0 (P4_6 and
P4_7), P4_6 and P4_7 can be used as I/O ports.

When the MCU enters stop mode, the CMO06 bit is set to 1 (divide-by-8 mode).

The CMO04 bit can be set to 1 by a program but cannot be set to 0.

To use the XCIN clock, set the CMO04 bit to 1.

Set the CMO7 bit to 1 (XCIN clock) from 0 after setting the CM04 bit to 1 (XCIN-XCOUT pin) and allowing XCIN
clock oscillation to stabilize.

wnN

No gk

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CMO register.
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9.2.2 System Clock Control Register 1 (CM1)
Address 0007h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CM17 | CM16 | — | CM14 | CM13 | CM12 CM11 CM10
After Reset 0 0 1 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM10 |All clock stop control bit (2. 6) 0: Clock oscillates RIW
1: All clocks stop (stop mode)
bl CM11 |[XIN-XOUT on-chip feedback resistor |0: On-chip feedback resistor enabled R/W
select bit 1: On-chip feedback resistor disabled
b2 CM12 [XCIN-XCOUT on-chip feedback 0: On-chip feedback resistor enabled R/W
resistor select bit 1: On-chip feedback resistor disabled
b3 CM13  [Port/XIN-XOUT switch bit (5) 0: 1/O ports P4_6 and P4_7 R/W
1: XIN-XOUT pin
b4 CM14 |Low-speed on-chip oscillator stop bit [0: Low-speed on-chip oscillator on R/W
(3. 4) 1: Low-speed on-chip oscillator off
b5 — Reserved bit Setto 1. R/W
b6 CM16 |CPU clock division select bit 1 (1) b7 b6 L R/W
b7 CMLT 0 0: No division mode RIW
0 1: Divide-by-2 mode
1 0: Divide-by-4 mode
1 1: Divide-by-16 mode

Notes:

1. When the CMO06 bit is set to 0 (bits CM16 and CM17 enabled), bits CM16 and CM17 are enabled.

2. If the CM10 bit is set to 1 (stop mode), the on-chip feedback resistor is disabled.

3. When the OCD2 bit is set to 0 (XIN clock selected), the CM14 bit can be set to 1 (low-speed on-chip oscillator
off). When the OCD2 bit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to O (low-speed on-chip
oscillator on). It remains unchanged even if 1 is written to it.

4. To use the voltage monitor 1 interrupt or voltage monitor 2 interrupt (when the digital filter is used), set the CM14

bit to 0 (low-speed on-chip oscillator on).

Once the CM13 bit is set to 1 by a program, it cannot be set to 0.

6. Do not set the CM10 bit to 1 (stop mode) when the VCA20 bit in the VCA2 register to 1 (low consumption
enabled).

o

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the CM 1 register.
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9.2.3 System Clock Control Register 3 (CM3)
Address 0009h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CM37 | CM36 | CM35 | — | — | — — CM30
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM30 |Wait control bit (1) 0: Other than wait mode R/IW
1: MCU enters wait mode
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b2 —
b3 — Reserved bits Set to 0. R/W
b4 —
b5 CM35 |CPU clock division when exiting 0: Following settings are enabled: R/W
wait mode select bit (@ CMO0G6 bit in CMO register
Bits CM16 and CM17 in CM1 register
1: No division
b6 CM36 |[System clock when exiting wait b7 b6 ] ] . ] R/W
b7 CM37 |mode or stop mode select bit 0 0: MCU exits V\(lth the.CPU clock immediately RIW
before entering wait or stop mode.
0 1: Do not set.
1 0: High-speed on-chip oscillator clock selected (3)
1 1: XIN clock selected (4)
Notes:

1. When the MCU exits wait mode by a peripheral function interrupt, the CM30 bit is set to 0 (other than wait mode).
2. Setthe CM35 bit to 0 in stop mode. When the MCU enters wait mode, if the CM35 bit is set to 1 (no division), the
CMO06 bit in the CMO register is set to 0 (bits CM16 and CM17 enabled) and bits CM17 and CM16 in the CM1
register is set to 00b (no division mode).
3. When bits CM37 and CM36 are set to 10b (high-speed on-chip oscillator clock selected), the following will be set
when the MCU exits wait mode or stop mode.
* OCD?2 bit in OCD register = 1 (on-chip oscillator selected)
* FRAOO bit in FRAO register = 1 (high-speed on-chip oscillator on)
* FRAOL1 bit in FRAO register = 1 (high-speed on-chip oscillator selected)
4. When bits CM37 and CM36 are set to 11b (XIN clock selected), the following will be set when the MCU exits wait
mode or stop mode.
« OMOS5 hit in OMO register = 1 (XIN clock oscillates)
* OM13 bit in OM1 register = 1 (XIN-XOUT pin)
* OCD2 bit in OCD register = 0 (XIN clock selected)
When the MCU enters wait mode while the CMO05 bit in the CMO register is 1 (XIN clock stops), if the XIN clock
is selected as the CPU clock when exiting wait mode, set the CMO06 bit to 1 (divide-by-8 mode) and the CM35
bit to 0.
However, if an externally generated clock is used as the XIN clock, do not set bits CM37 to CM36 to 11b (XIN
clock selected).

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CM 3 register.
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CM30 bit (Wait Control Bit)

When the CM 30 bit isset to 1 (MCU enterswait mode), the CPU clock stops (wait mode). Sincethe XIN clock,
XCIN clock, and the on-chip oscillator clock do not stop, the peripheral functions using these clocks continue
operating. To set the CM30 bit to 1, set the | flag to 0 (maskable interrupt disabled).

The MCU exits wait mode by areset or peripheral function interrupt. When the MCU exits wait mode by a
peripheral function interrupt, it resumes executing the instruction immediately after the instruction to set the
CM30 hit to 1.

When the MCU enters wait mode with the WAIT instruction, make sureto set the | flag to 1 (maskable interrupt
enabled). With this setting, interrupt handling is performed by the CPU when the MCU exits wait mode.

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 94 of 573



R8C/32C Group 9. Clock Generation Circuit

9.2.4  Oscillation Stop Detection Register (OCD)
Address 000Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | OCD3 | OCD2 | OCD1 | OCDO
After Reset 0 0 0 0 0 1 0 0
Bit | Symbol Bit Name Function R/W

b0 OCDO |Oscillation stop detection enable bit (6) [0: Oscillation stop detection function disabled () RIW

: Oscillation stop detection function enabled

0
1

bl OCD1 |Oscillation stop detection interrupt 0: Disabled ) R/W

enable bit 1: Enabled

b2 OCD2 |system clock select bit (3) 0: XIN clock selected (6) RIW
1: On-chip oscillator clock selected (2)

b3 OCD3 |Clock monitor bit (4. 5) 0: XIN clock oscillates R
1: XIN clock stops

b4 — Reserved bits Set to 0. R/W

b5 —

b6 —

b7 —

Notes:

1. Set bits OCD1 to OCDO to 00b before the MCU enters stop mode, high-speed on-chip oscillator mode, or low-
speed on-chip oscillator mode (XIN clock stops).

2. Ifthe OCD2 bitis set to 1 (on-chip oscillator clock selected), the CM14 bit is set to 0 (low-speed on-chip oscillator
on).

3. The OCD?2 bit is automatically set to 1 (on-chip oscillator clock selected) if XIN clock oscillation stop is detected
while bits OCD1 to OCDO are set to 11b. If the OCD3 bit is set to 1 (XIN clock stops), the OCD2 bit remains
unchanged even when set to 0 (XIN clock selected).

4. The OCD3 bit is enabled when the OCDO bit is set to 1 (oscillation stop detection function enabled).

The OCD3 bit remains 0 (XIN clock oscillates) if bits OCD1 to OCDO are set to 00b.

6. Refer to Figure 9.10 Procedure for Switching Clock Source from Low-Speed On-Chip Oscillator to XIN
Clock for the switching procedure when the XIN clock re-oscillates after detecting oscillation stop.

o

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the OCD register.

9.25 High-Speed On-Chip Oscillator Control Register 7 (FRA7)
Address 0015h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol] — [ — [ = [ = [ = [ = [ = [ = |
After Reset When shipping
Bit Function R/W
b7-b0 |32 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRA3 register and by
transferring the correction value in the FRAG register to the FRA1 register.
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9.2.6 High-Speed On-Chip Oscillator Control Register 0 (FRAO)
Address 0023h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | FRA0O3| — | FRAOL [ FRAOO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRAOO [High-speed on-chip oscillator enable bit  |0: High-speed on-chip oscillator off R/W

1: High-speed on-chip oscillator on

bl FRAO1 |High-speed on-chip oscillator select bit (1) |0: Low-speed on-chip oscillator selected (2) R/W
1: High-speed on-chip oscillator selected

b2 — Reserved bits Setto 0. R/W
b3 FRAO3 [fOCO128 clock select bit 0: fOCO-S divided by 128 selected R/W
1: fOCO-F divided by 128 selected

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —

b6 —

b7 —

Notes:

1. Change the FRAO1 bit in the following conditions.
* FRAQO = 1 (high-speed on-chip oscillator on)
* The CM14 bit in the CM1 register = 0 (low-speed on-chip oscillator on)
* Bits FRA22 to FRA20 in the FRAZ2 register:
All division mode can be set when VCC =2.7 Vto 5.5V 000b to 111b
Divide ratio of 8 or more when VCC =1.8Vto 5.5V 110b to 111b (divide-by-8 or more)
2. When setting the FRAO1 bit to 0 (low-speed on-chip oscillator selected), do not set the FRAQO bit to 0 (high-
speed on-chip oscillator off) at the same time. Set the FRAQO bit to 0 after setting the FRAO1 bit to 0.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRAO register.

9.2.7 High-Speed On-Chip Oscillator Control Register 1 (FRA1)
Address 0024h

Bit b7 b6 b5 b4 b3 b2 bl b0
symholf — | — | — [ — | — | — [ = [ — |
After Reset When shipping
Bit Function R/W

b7-b0 |The frequency of the high-speed on-chip oscillator can be adjusted by setting as follows: R/W

40 MHz: FRA1 = value after reset, FRA3 = value after reset

36.864 MHz: Transfer the value in the FRA4 register to the FRAL register and the value in
the FRADS register to the FRA3 register.

32 MHz: Transfer the value in the FRAG register to the FRAL register and the value in
the FRATY register to the FRA3 register.

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the FRA 1 register.
Also, rewrite the FRA1 register when the FRAQO bit in the FRAO register is set 0 (high-speed on-chip oscillator
off).
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9.2.8 High-Speed On-Chip Oscillator Control Register 2 (FRA2)
Address 0025h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | — | FRA22 | FRA21 | FRA20 |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRA20 [High-speed on-chip oscillator frequency |[Division selection R/W
bl FRA21 |[switching bit These bits select the division ratio for the high- | R/W
b2 FRA22 speed on-chip oscillator clock. R/W

b2 b1 b0
0 0 O: Divide-by-2 mode
0 0 1: Divide-by-3 mode
0 1 0: Divide-by-4 mode
0 1 1: Divide-by-5 mode
1 0 O: Divide-by-6 mode
10 1: Divide-by-7 mode
11 0O: Divide-by-8 mode
11 1: Divide-by-9 mode
b3 — Reserved bits Set to 0. R/W
b4 —
b5 —
b6 —
b7 —

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRA2 register.

9.2.9 Clock Prescaler Reset Flag (CPSRF)
Address 0028h

Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|CPSR| — | — | — | — | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 CPSR |Clock prescaler reset flag Setting this bit to 1 initializes the clock prescaler. R/W
(When read, the content is 0.)
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9.2.10 High-Speed On-Chip Oscillator Control Register 4 (FRA4)
Address 0029h

Bit b7 b6 b5 b4 b3 b2 bl b0
symholf — | — | — [ — | — | — [ — [ — |
After Reset When shipping
Bit Function R/W
b7-b0 |36.864 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRA1 register and by
transferring the correction value in the FRAS register to the FRA3 register.

9.2.11 High-Speed On-Chip Oscillator Control Register 5 (FRA5S)
Address 002Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
symholf — | — | — [ — | — | — | — [ — |
After Reset When shipping
Bit Function R/W
b7-b0 |36.864 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRA3 register and by
transferring the correction value in the FRA4 register to the FRA1 register.

9.2.12 High-Speed On-Chip Oscillator Control Register 6 (FRAG)
Address 002Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symol| — | — [ = | = | = [ = | = [ = |
After Reset When shipping
Bit Function R/W
b7-b0 |32 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRA1 register and by
transferring the correction value in the FRA7 register to the FRA3 register.

9.2.13 High-Speed On-Chip Oscillator Control Register 3 (FRA3)
Address 002Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
symoolf — | — | — [ — | — | — [ — [ — |
After Reset When shipping
Bit Function R/W

b7-b0 |The frequency of the high-speed on-chip oscillator can be adjusted by setting as follows: R/W

40 MHz: FRA1 = value after reset, FRA3 = value after reset

36.864 MHz: Transfer the value in the FRA4 register to the FRAL register and the value in
the FRADS register to the FRA3 register.

32 MHz: Transfer the value in the FRAG register to the FRAL register and the value in
the FRATY register to the FRA3 register.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRA3 register.
Also, rewrite the FRA3 register when the FRAQO bit in the FRAO register is set 0 (high-speed on-chip oscillator
off).
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9.2.14 Voltage Detect Register 2 (VCA2)
Address 0034h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol | VCA27 | VCA26 | VCA25 | — | — | — — VCA20
After Reset 0 0 0 0 0 0 0 0
The above applies when the LVDAS bit in the OFS register is set to 1.
After Reset 0 0 1 0 0 0 0 0

The above applies when the LVDAS bit in the OFS register is set to 0.

Bit Symbol Bit Name Function R/W
b0 VCA20 |[Internal power low consumption 0: Low consumption disabled R/W
enable bit (1) 1: Low consumption enabled ()

bl — Reserved bits Setto 0. R/W

b2 —

b3 —

b4 —

b5 VCA25 |Voltage detection 0 enable bit 3)  |0: Voltage detection O circuit disabled R/IW
1: Voltage detection 0 circuit enabled

b6 VCA26 |Voltage detection 1 enable bit (4) 0: Voltage detection 1 circuit disabled R/W
1: Voltage detection 1 circuit enabled

b7 VCA27 |Voltage detection 2 enable bit ) 0: Voltage detection 2 circuit disabled R/W
1: Voltage detection 2 circuit enabled

Notes:

1. Use the VCAZ20 bit only when the MCU enters wait mode. To set the VCA20 bit, follow the procedure shown in
Figure 9.3 Procedure for Reducing Internal Power Consumption Using VCAZ20 bit.

2. When the VCAZ20 bit is set to 1 (low consumption enabled), do not set the CM10 bit in the CM1 register to 1 (stop
mode).

3. When writing to the VCA25 bit, set a value after reset.

4. To use the voltage detection 1 interrupt or the VW1C3 bit in the VW1C register, set the VCA26 bit to 1.
After the VCA26 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 1 circuit starts
operation.

5. To use the voltage detection 2 interrupt or the VCA13 bit in the VCAL register, set the VCA27 bit to 1.
After the VCA27 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 2 circuit starts
operation.

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VCA2 register.
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Exit wait mode by interrupt
(Note 1)
Procedure for enabling reduced internal ) )
power consumption using VCA20 bit In interrupt routine
Enter low-speed clock mode or ) VCA20«0
Step (1) low-speed on-chip oscillator mode Step (5) (internal power low consumption disabled) @)
¢ (This is automatically set when exiting wait mode)
Step (2) Stop XIN clock and Step (6) Start XIN clock Ifitis necessary to start
P high-speed on-chip oscillator clock P or high-speed on-chip oscillator clock the high-speed clock or
high-speed on-chip oscillator
¢ ¢ during the interrupt routine,
te st 6) to (7
Step (3) VCA20 « 1 Step (7) (Wait until XIN clock or high-speed on-chip ;xtehc:rijt;;;s © @
P )] (internal power low consumption enabled) @9 P oscillator clock oscillation stabilizes) '
. Enter high-speed clock mode or
@
Step (4) Enter wait mode Step (8) high-speed on-chip oscillator mode
A
Step (5 VCA20 < 0 Interrupt handling
P (internal power low consumption disabled) ¢
¢ Step (1) Enter low-speed clock mode or
Step (6) Start XIN clock or P low-speed on-chip oscillator mode
high-speed on-chip oscillator clock If the high-speed clock or
¢ ¢ high-speed on-chip oscillator
Stop XIN clock and starts during the interrupt
(Wait until XIN clock or high-speed on-chip Step (2) high-speed on-chip oscillator clock routine, execute steps (1) to
Step (7) i illati il 3) at the end of the routi
oscillator clock oscillation stabilizes) ¢ (3) at the end of the routine.
- ¢ Step (3) VCA20 « 1
Enter high-speed clock mode or P )| (internal power low consumption enabled) @
Step (8) . . j
high-speed on-chip oscillator mode ¢
< Interrupt handling completed >
Notes:
1. Execute this routine to handle all interrupts generated in wait mode.
However, this does not apply if it is not necessary to start the high-speed clock or high-speed on-chip oscillator during the interrupt routine.
2. Do not set the VCA20 bit to 0 with the instruction immediately after setting the VCA20 bit to 1. Also, do not do the opposite.
3. When the VCA20 bit is set to 1, do not set the CM10 bit to 1 (stop mode).
4. When the MCU enters wait mode, follow 9.7.2 Wait Mode.
VCAZ20: Bit in VCA2 register

Figure 9.3 Procedure for Reducing Internal Power Consumption Using VCA20 bit
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The clocks generated by the clock generation circuits are described below.

9.3 XIN Clock

The XIN clock is supplied by the XIN clock oscillation circuit. This clock is used as the clock source for the CPU
and peripheral function clocks. The XIN clock oscillation circuit is configured by connecting a resonator between
pins XIN and XOUT. The XIN clock oscillation circuit includes an on-chip feedback resistor, which is
disconnected from the oscillation circuit in stop mode in order to reduce the amount of power consumed by the
chip. The XIN clock oscillation circuit may also be configured by feeding an externally generated clock to the
XOUT pin.

Figure 9.4 shows Examples of XIN Clock Connection Circuit.

During and after areset, the XIN clock stops.

After setting the CM 13 hit in the CM1 register to 1 (XIN-XOUT pin), the XIN clock starts oscillating when the
CMO5 hit in the CMO register is set to 0 (XIN clock oscillates). After the XIN clock oscillation stabilizes, the XIN
clock is used as the CPU clock source when the OCD2 hit in the OCD register is set to 0 (XIN clock selected).
The power consumption can be reduced by setting the CMO05 bit in the CMO register to 1 (XIN clock stops) if the
OCD2 hit isset to 1 (on-chip oscillator clock selected).

When an externally generated clock isinput to the XOUT pin, the XIN clock does not stop even if the CM05 hit is
set to 1. If necessary, use an external circuit to stop the clock.

In stop mode, all clocksincluding the XIN clock stop. Refer to 9.7 Power Control for details.

* When CMO05 bit in CMO register « When CMO5 bit in CMO register
is set to 0 (XIN clock oscillates) is set to 1 (XIN clock stops),
and CM13 bit in CM1 register is CM11 bit in CML1 register is set
set to 1 (XIN-XOUT pin) to 1 (internal feedback resistor

disabled), and the CM13 bit is
set to 1 (XIN-XOUT pin)

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor)
XIN XOUT XIN XOUT
Open
RF®) @
Rd @®
111
L] Externally generated clock
lCIN ICOUT VCC m
— — VSS
Ceramic resonator external circuit External clock input circuit

Notes:
1. Insert a damping resistor if required. The resistance will vary depending on the oscillator and
the oscillation drive capacity settings. Use the values recommended by the oscillator manufacturer.
If the oscillator manufacturer's datasheet specifies that a feedback resistor be added to the chip
externally, insert a feedback resistor between XIN and XOUT following the instructions.
2. Insert a damping resistor if required to prevent an overshoot from occurring.

Figure 9.4 Examples of XIN Clock Connection Circuit
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9.4 On-Chip Oscillator Clock

The on-chip oscillator clock is supplied by the on-chip oscillator (high-speed on-chip oscillator or low-speed on-
chip oscillator). This clock is selected by the FRAO1 bit in the FRAO register.

94.1 Low-Speed On-Chip Oscillator Clock

The clock generated by the low-speed on-chip oscillator is used as the clock source for the CPU clock,
peripheral function clock, fOCO, fOCO-S, and fOCO128.

After areset, the on-chip oscillator clock generated by the low-speed on-chip oscillator divided by 1 (no
division) is selected as the CPU clock.

If the XIN clock stops oscillating when bits OCD1 to OCDO in the OCD register are set to 11b, the low-speed
on-chip oscillator automatically starts operating and supplies the necessary clock for the MCU.

The frequency of the low-speed on-chip oscillator varies depending on the supply voltage and the operating
ambient temperature. Application products must be designed with sufficient margin to allow for frequency
changes.

9.4.2 High-Speed On-Chip Oscillator Clock

The clock generated by the high-speed on-chip oscillator is used as the clock source for the CPU clock,
periphera function clock, fOCO, fOCO-F, fOCO40M, and fOC0O128.

To use the high-speed on-chip oscillator clock as the clock source for the CPU clock, peripheral clock, fOCO,
and fOCO-F, set bits FRA20 to FRA22 in the FRAZ2 register as follows:

*All division mode can be set when VCC =27V to 5.5V 000b to 111b
*Divideratio of 8 or morewhenVCC =18V to55V 110b to 111b (divide by 8 or more)

After areset, the on-chip oscillator clock generated by the high-speed on-chip oscillator stops. Oscillation is
started by setting the FRAOO bit in the FRAO register to 1 (high-speed on-chip oscillator on).

Frequency correction datais stored in registers FRA4 to FRA7.

To adjust the frequency of the high-speed on-chip oscillator clock to 36.864 MHz, first transfer the correction
value in the FRA4 register to the FRA1 register and the correction value in the FRAS register to the FRA3
register before using the values. This enables the setting errors of bit rates such as 9600 bps and 38400 bpsto be
0% when the serial interface is used in UART mode (refer to Table 21.8 and Table 22.8 Bit Rate Setting
Examplein UART Mode).

To adjust the frequency of the high-speed on-chip oscillator clock to 32 MHz, first transfer the correction value
in the FRAG register to the FRA1 register and the correction value in the FRA7 register to the FRA3 register
before using the values.
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9.5 XCIN Clock

The XCIN clock is supplied by the XCIN clock oscillation circuit. This clock is used as the clock source for the
CPU and peripheral function clocks. The XCIN clock oscillation circuit is configured by connecting a resonator
between the XCIN and XCOUT pins. The XCIN clock oscillation circuit includes an on-chip a feedback resistor,
which is disconnected from the oscillation circuit in stop mode in order to reduce the amount of power consumed
by the chip. The X CIN clock oscillation circuit may aso be configured by feeding an externally generated clock to
the XCIN pin.

Figure 9.5 shows Examples of XCIN Clock Connection Circuits.

During and after areset, the XCIN clock stops.

After setting the CM04 bit in the CMO register to 1 (XCIN-XCOUT pin), the XCIN clock starts oscillating when
the CMO03 bit in the CMO register is set to 0 (XCIN clock oscillates). After the XCIN clock oscillation stabilizes,
the XCIN clock is used as the CPU clock source when the CMO07 bit in the CMO register is set to 1 (XCIN clock).
To input an externally generated clock to the XCIN pin, also set the CM04 bit in the CMO register to 1 (XCIN-
XCOUT pin). Leave the XCOUT pin open at thistime.

This MCU has an on-chip feedback resistor, which can be disabled/enabled by the CM12 bit in the CM 1 register.
In stop mode, all clocksincluding the XCIN clock stop. Refer to 9.7 Power Control for details.

* When CMO03 bit in CMO register is set * When CMO03 bit in CMO register is set
to 0 (XCIN clock oscillates) and CM04 to 1 (XCIN clock stops) and CM04 bit
bit is set to 1 (XCIN-XCOUT pin) is set to 1 (XCIN-XCOUT pin)

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor)
XCIN XCOUT XCIN XCOUT

/\/\/\/ T Open
Rf O
Rd @
Externally generated clock
||:||
ILJ1
1 1

VSS
External crystal oscillator circuit External clock input circuit

Note:

1. Insert a damping resistor and feedback resistor if required. The resistance will vary depending on
the oscillator and the oscillation drive capacity setting. Use the value recommended by the oscillator
manufacturer.

When the oscillation drive capacity is set to low, check that oscillation is stable. If the oscillator
manufacturer's datasheet specifies that a feedback resistor be added to the chip externally,
insert a feedback resistor between XCIN and XCOUT following the instructions.

Figure 9.5 Examples of XCIN Clock Connection Circuits
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9.6 CPU Clock and Peripheral Function Clock

There are a CPU clock to operate the CPU and a peripheral function clock to operate the peripheral functions. Refer
to Figure 9.1 Clock Generation Circuit (With XIN and XCIN Pins Shar ed).

9.6.1 System Clock

The system clock is the clock source for the CPU and peripheral function clocks. The XIN clock, the XCIN
clock, or the on-chip oscillator clock can be selected.

96.2 CPU Clock

The CPU clock is an operating clock for the CPU and the watchdog timer.

The system clock divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. Use the CM06 bit in the
CMO register and bits CM 16 and CM 17 in the CM 1 register to select the value of the division.

Also, usethe XCIN clock while the XCIN clock oscillation stabilizes.

After areset, the low-speed on-chip oscillator clock divided by 1 (no division) is used as the CPU clock.

When the MCU enters stop mode, the CM06 bit is set to 1 (divide-by-8 mode). To enter stop mode, set the

CM35 bit in the CM 3 register to 0 (settings of CM06 in CMO register and bits CM16 and CM17 in CM1
register enabled).

9.6.3 Peripheral Function Clock (f1, 2, f4, {8, and f32)

The peripheral function clock is an operating clock for the peripheral functions.

Thefi (i =1, 2, 4, 8, and 32) clock is generated by the system clock divided by i. It is used for timers RA, RB,
RC, RE, the serial interface, and the A/D converter.

If the MCU enters wait mode after the CM02 hit in the CMO register is set to 1 (peripheral function clock stops
in wait mode), the fi clock stops.

9.6.4 fOCO

fOCO isan operating clock for the periphera functions.

This clock runs at the same frequency as the on-chip oscillator clock and can be used as the source for timer
RA

In wait mode, the fOCO clock does not stop.

9.6.5 fOCO40M

fOCO40M is used as the count source for timer RC.

This clock is generated by the high-speed on-chip oscillator and supplied by setting the FRAOO bit to 1.
In wait mode, the fOCO40M clock does not stop.

This clock can be used with supply voltage VCC =2.7t05.5V.

9.6.6 fOCO-F

fOCO-F is used as the count source for timer RC and the A/D converter.

fOCO-F isaclock generated by the high-speed on-chip oscillator and divided by i (i =2, 3,4,5,6, 7, 8,and 9;
divide ratio selected by the FRAZ2 register). This clock is supplied by setting the FRAOO bit to 1.

In wait mode, the fOCO-F clock does not stop.
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9.6.7 fOCO-S

fOCO-Sis an operating clock for the voltage detection circuit.

This clock is generated by the low-speed on-chip oscillator and supplied by setting the CM 14 bit to O (low-
speed on-chip oscillator on).
In wait mode, the fOCO-S clock does not stop.

9.6.8 fOCO128

fOCO128 is aclock generated by dividing fOCO-S or fOCO-F by 128. When the FRA03 hit is set to 0, fOCO-
Sdivided by 128 is selected. When this bit is set to 1, fOCO-F divided by 128 is selected.
fOCO128 is configured as the capture signal used in the TRCGRA register for timer RC.

9.6.9 fC, fC4, and fC32

fC, fC4, and fC32 are used for timers RA, RE, and the serial interface.
Use theses clocks while the X CIN clock oscillation stabilizes.

9.6.10 fOCO-WDT

fOCO-WDT is an operating clock for the watchdog timer.

This clock is generated by the low-speed on-chip oscillator for the watchdog timer and supplied by setting the
CSPRO hit in the CSPR register to 1 (count source protect mode enabled).

In count source protection mode for the watchdog timer, the fOCO-WDT clock does not stop.
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9.7 Power Control

There are three power control modes. All modes other than wait mode and stop mode are referred to as standard
operating mode.

9.7.1 Standard Operating Mode

Standard operating mode is further separated into four modes.

In standard operating mode, the CPU and peripheral function clocks are supplied to operate the CPU and the
peripheral functions. Power consumption control is enabled by controlling the CPU clock frequency. The
higher the CPU clock frequency, the more processing power increases. The lower the CPU clock frequency, the
more power consumption decreases. If unnecessary oscillator circuits stop, power consumption is further
reduced.

Before the clock sources for the CPU clock can be switched over, the new clock source needs to be oscillating
and stable. Allow sufficient wait time in a program until oscillation stabilizes before switching the clock.

Table 9.2 Settings and Modes of Clock Associated Bits
O(.:D CM1 Register CMO Register FRAO Register
Register
Modes VL7
OCD2 CM16‘ CM14 | CM13 | CMO7 | CMO6 | CMO5 | CM04 | CMO03 | FRAO1 | FRAOO

High-speed | No division 0 00b - 1 0 0 0 - - - -
clock mode | pivide-by-2 0 01lb - 1 0 0 0 - - - -

Divide-by-4 0 10b - 1 0 0 0 - - - -

Divide-by-8 0 - - 1 0 1 0 - - - -

Divide-by-16 0 11b - 1 0 0 0 - - - -
Low-speed | No division 00b - - 1 0 - 1 0 - -
clock mode [piige py-2 - 0 | - - 1 0 - 1 0 - -

Divide-by-4 - 10b - - 1 0 - 1 0 - -

Divide-by-8 - - - - 1 1 - 1 0 - -

Divide-by-16 - 11b - - 1 0 - 1 0 - -
High-speed | No division 1 00b - - 0 0 - - - 1 1
on-chip Divide-by-2 1 01b - - 0 0 - - - 1 1
oscillator  I'5ivide-py-4 1 10b - 0 0 - - - 1 1
mode Divide-by-8 1 - - 0 1 N - 1 1

Divide-by-16 1 11b - - 0 0 - - - 1 1
Low-speed | No division 1 00b 0 - 0 0 - - - 0 -
on-chip Divide-by-2 1 01lb 0 - 0 0 - - - 0 -
oscillator  I'5iide-py-4 1 10b | 0 - 0 0 - - - 0 -
mode Divide-by-8 1 - 0 - 0 1 N - 0 _

Divide-by-16 1 11b 0 - 0 0 - - - 0 -

—: Indicates that either 0 or 1 can be set.
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9.7.1.1 High-Speed Clock Mode

The XIN clock divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. If the CM14 bit isset to O
(low-speed on-chip oscillator on) or the FRAQO bit in the FRAO register is set to 1 (high-speed on-chip
oscillator on), fOCO can be used for timer RA.

Also, if the FRAQO bit is set to 1, fOCO40M can be used for timer RC.

If the CM 14 hit is set to O (low-speed on-chip oscillator on), fOCO-S can be used for the voltage detection
circuit.

9.7.1.2 Low-Speed Clock Mode

The XCIN clock divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock.

In this mode, low consumption operation is enabled by stopping the XIN clock and the high-speed on-chip
oscillator, and by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption read mode
enabled). When the CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8, low-current-
consumption read mode can be used. However, do not use low-current-consumption read mode when the
frequency of the selected CPU clock is 3 kHz or below. After setting the divide ratio of the CPU clock, set the
FMR27 bit to 1.

Also, if the FRAQO bit is set to 1, fOCO40M can be used for timer RC.

If the CM 14 hit is set to O (low-speed on-chip oscillator on), fOCO-S can be used for the voltage detection
circuit.

To enter wait mode from low-speed clock mode, lower consumption current in wait mode is enabled by setting
the VCAZ20 bit in the VCA2 register to 1 (internal power low consumption enabled).

To reduce the power consumption, refer to 30. Reducing Power Consumption.

9.7.1.3 High-Speed On-Chip Oscillator Mode

The high-speed on-chip oscillator is used as the on-chip oscillator clock when the FRAQO bit in the FRAO
register is set to 1 (high-speed on-chip oscillator on) and the FRAO1 bit in the FRAO register isset to 1. The on-
chip oscillator divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. If the FRAQO bit is set to 1,
fOCO40M can be used for timer RC.

Also, if the CM 14 bit is set to O (low-speed on-chip oscillator on), fOCO-S can be used for the voltage detection
circuit.

9.7.1.4 Low-Speed On-Chip Oscillator Mode

If the CM 14 bit in the CM 1 register is set to O (low-speed on-chip oscillator on) and the FRAOL bit in the FRAO
register is set to 0, the low-speed on-chip oscillator is used as the on-chip oscillator clock. At thistime, the on-
chip oscillator clock divided by 1 (no division), 2, 4, 8 or 16 is used as the CPU clock. The on-chip oscillator
clock is also the clock source for the periphera function clocks. If the FRAQO bit is set to 1, fOCO40M can be
used for timer RC.

Also, if the CM 14 bit is set to O (low-speed on-chip oscillator on), fOCO-S can be used for the voltage detection
circuit.

In this mode, low consumption operation is enabled by stopping the XIN clock and the high-speed on-chip
oscillator, and by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption read mode
enabled). When the CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16, low-
current-consumption read mode can be used. After setting the divide ratio of the CPU clock, set the FMR27 bit
to 1.

To enter wait mode from low-speed clock mode, lower consumption current in wait mode is enabled by setting
the VCA20 hit in the VCAZ2 register to 1 (internal power low consumption enabled).

To reduce the power consumption, refer to 30. Reducing Power Consumption.
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9.7.2 Wait Mode

Since the CPU clock stopsin wait mode, the CPU operating with the CPU clock and the watchdog timer when
count source protection mode is disabled stop. Since the XIN clock, XCIN clock, and on-chip oscillator clock
do not stop, the peripheral functions using these clocks continue operating.

9.7.2.1  Peripheral Function Clock Stop Function

If the CMO02 hit is set to 1 (peripheral function clock stopsin wait mode), the f1, f2, f4, 8, and f32 clocks stop
in wait mode. This reduces power consumption.

9.7.2.2  Entering Wait Mode

The MCU enters wait mode by executing the WAIT instruction or setting the CM30 bit inthe CM3 register to 1
(MCU enters wait mode).

When the OCD2 hit in the OCD register is set to 1 (on-chip oscillator selected as system clock), set the OCD1
bit in the OCD register to 0 (oscillation stop detection interrupt disabled) before executing the WAIT
instruction or setting the CM 30 bit in the CM 3 register to 1(MCU enters wait mode).

If the MCU enters wait mode while the OCD1 bit is set to 1 (oscillation stop detection interrupt enabled),
current consumption is not reduced because the CPU clock does not stop.

Enter wait mode after setting the FMR27 bit to 0 (low-current-consumption read mode disabled). Do not enter
wait mode while the FMR27 hit is 1 (low-current-consumption read mode enabl ed).

9.7.2.3  Pin Status in Wait Mode
The /O port retains the status immediately before the MCU enters wait mode.
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9.7.2.4  Exiting Wait Mode

The MCU exits wait mode by areset or peripheral function interrupt.

The peripheral function interrupts are affected by the CM02 bit. When the CMO02 hit is set to O (peripheral
function clock does not stop in wait mode), the peripheral function interrupts other than A/D conversion
interrupts can be used to exit wait mode. When the CM02 bit is set to 1 (peripheral function clock stopsin wait
mode), the peripheral functions using the peripheral function clock stop and the peripheral functions operating
with external signals or the on-chip oscillator clock can be used to exit wait mode.

Table 9.3 lists Interrupts to Exit Wait Mode and Usage Conditions.

Table 9.3 Interrupts to Exit Wait Mode and Usage Conditions

Interrupt CM02=0 CM02 =1
Serial interface interrupt Usable when operating with internal | Usable when operating with external
or external clock clock
Synchronous serial Usable in all modes (Do not use)

communication unit interrupt
/ 12C bus interface interrupt

Key input interrupt Usable Usable
A/D conversion interrupt (Do not use) (Do not use)
Timer RA interrupt Usable in all modes Usable if there is no filter in event

counter mode.
Usable by selecting fOCO, fC, or
fC32 as count source.

Timer RB interrupt Usable in all modes (Do not use)

Timer RC interrupt Usable in all modes (Do not use)

Timer RE interrupt Usable in all modes Usable when operating in real time
clock mode

INT interrupt Usable Usable (INTO, INT1, INT3 can be
used if there is no filter.)

Voltage monitor 1 interrupt Usable Usable

Voltage monitor 2 interrupt | Usable Usable

Oscillation stop detection Usable (Do not use)

interrupt
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Figure 9.6 shows the Time from Wait Mode to First Instruction Execution following Exit after CM30 Bit in

CM3 Register is Set to 1 (MCU Enters Wait Mode).

To use a peripheral function interrupt to exit wait mode, set up the following before setting the CM 30 bit to 1.

(1) Setthel flag to O (maskableinterrupt disabled).

(2) Set the interrupt priority level in bits ILVL2 to ILVLO in the interrupt control registers of the periphera
function interrupts to be used for exiting wait mode. Set bits ILVL2 to ILVLO of the peripheral function
interrupts that are not to be used for exiting wait mode to 000b (interrupt disabled).

(3) Operate the peripheral function to be used for exiting wait mode.

When the MCU exits by a peripheral function interrupt, the time (number of cycles) between interrupt request
generation and interrupt routine execution is determined by the settings of the FMSTP bit in the FMRO register
and the VCA20 bit in the VCA2 register, as shown in Figure 9.6.

The clock set by bits CM 35, CM 36, and CM37 in the CM3 register is used as the CPU clock when the MCU
exits wait mode by a peripheral function interrupt. At this time, the CMO06 bit in the CMO register and bits
CM16 and CM17 in the CM1 register automatically change.

FMRO Register VCAZ2 Register i . . .
Internal Power Time until Time until
Stabilization Time Flash Memory CPU Clock Remarks
TO Activation (T1 Supply (T2
FMSTP Bit VCAZ20 Bit (T0) (T1) PPl (T2)
0
(internal power 0ps
0 low consumption disabled) Period of system clock .
(flash memory x 1 cycle + 60 ps Perloxd gfc():lglésclock
operates) 1 (max.) The total of TO to
(internal power 100 ps (max.) T2 is the time
low consumption enabled) from wait mode to
first instruction
i 0 execution
(internal power (OTH] following exit.
1 low consumption disabled ;
(flash memory Period Sflsgtc?;n clock Same as above
stops) 1
(internal power 100 pus (max.)
low consumption enabled)
< T0 Sle T Sle T2 >
. Internal power Flash memory CPU clock
Wait mode I L
stabilization time activation sequence restart sequence
A 100 ps (max.)
Interrupt request generation
Figure 9.6 Time from Wait Mode to First Instruction Execution following Exit after CM30 Bit in

CM3 Register is Set to 1 (MCU Enters Wait Mode)
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Figure 9.7 shows the Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is Executed.
To use a peripheral function interrupt to exit wait mode, set up the following before executing the WAIT
instruction.

(1) Set the interrupt priority level in bits ILVL2 to ILVLO of the peripheral function interrupts to be used for
exiting stop mode. Set bitsILVL2 to ILVLO of the peripheral function interrupts that are not to be used for
exiting stop mode to 000b (interrupt disabled).

(2) Setthel flagto 1.

(3) Operate the periphera function to be used for exiting stop mode.

When the MCU exits by a peripheral function interrupt, the time (number of cycles) between interrupt request
generation and interrupt routine execution is determined by the settings of the FMSTP bit in the FMRO register
and the VCA20 bit in the VCA2 register, as shown in Figure 9.7.

The clock set by bits CM 35, CM 36, and CM37 in the CM3 register is used as the CPU clock when the MCU
exits wait mode by a peripheral function interrupt. At this time, the CMO06 bit in the CMO register and bits
CM16 and CM17 in the CM1 register automatically change.

FMRO Register VCA2 Register ) . ) ) )
Internal Power Time until Time until Time for
Stabilization Time Flash Memory CPU Clock Interrupt Remarks
TO Activation (T1 Supply (T2 Sequence (T3
FMSTP Bit VCAZ20 Bit (T0) (T pply (T2) q ™)
0
(internal power 0 us
0 low consumption disabled) Period of system clock . .
Period of CPU clock | Period of CPU clock
(flash memory x 1 cycle + 60 us x 2 cycles x 20 cycles
operates) 1 (max.)
(internal power 100 ps (max.) The tqtal of TO
low consumption enabled) to T3 is the time
from wait mode to
0 interrupt routine
(internal power Ous execution.
1 low consumption disabled "
(flash memory Period gflsgtcelén clock Same as above Same as above
stops) 1
(internal power 100 ps (max.)
low consumption enabled)
» T0 o T1 o T2 = T3 R
Wait mode Intgr_nal_pov\{er I_:Ias_h memory CPU clock Interrupt sequence
stabilization time activation sequence restart sequence
A 100 ps (max.)
Interrupt request generation
Figure 9.7 Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is
Executed

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 111 of 573



R8C/32C Group 9. Clock Generation Circuit

9.7.3  Stop Mode

Since all oscillator circuits except fOCO-WDT stop in stop mode, the CPU and peripheral function clocks stop
and the CPU and the peripheral functions operating with these clocks also stop. The least power required to
operate the MCU isin stop mode. If the voltage applied to the VCC pin is VRAM or more, the contents of
internal RAM s retained.

The peripheral functions clocked by external signals continue operating.

Table 9.4 lists Interrupts to Exit Stop Mode and Usage Conditions.

Table 9.4 Interrupts to Exit Stop Mode and Usage Conditions

Interrupt Usage Conditions
Key input interrupt Usable
INTO, INT1, INT3 interrupt | Usable if there is no filter
Timer RA interrupt Usable if there is no filter when external pulse is counted in event counter
mode

Serial interface interrupt When external clock selected
Voltage monitor 1 interrupt | Usable in digital filter disabled mode (VW1C1 bit in VW1C register is set to 1)
Voltage monitor 2 interrupt | Usable in digital filter disabled mode (VW2C1 bit in VW2C register is set to 1)

9.7.3.1 Entering Stop Mode

The MCU enters stop mode when the CM 10 bit in the CM1 register is set to 1 (all clocks stop). At the same

time, the CMO06 bit in the CMO register is set to 1 (divide-by-8 mode).

To use stop mode, set the following before the MCU enters stop mode:

* Bits OCD1 to OCDO in the OCD register = 00b

* CM35 bit in CM3 register = 0 (settings of CM06 bit in CMO register and bits CM16 and CM17 in CM1
register enabled)

Enter stop mode after setting the FMR27 bit to O (low-current-consumption read mode disabled). Do not enter

stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

9.7.3.2 Pin Status in Stop Mode

The /O port retains the status before the MCU enters stop mode.
However, when the CM 13 bit in the CM1 register is set to 1 (XIN-XOUT pin), the XOUT(P4_7) pinis held
“H”. When the CM 13 hit is set to O (input ports P4_6 and P4_7), the P4_7(XOUT pin) is held in an input status.
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9.7.3.3  EXxiting Stop Mode

The MCU exits stop mode by areset or periphera function interrupt.

Figure 9.8 shows the Time from Stop Mode to Interrupt Routine Execution.

To use a peripheral function interrupt to exit stop mode, set up the following before setting the CM 10 bit to 1.

(1) Set the interrupt priority level in bits ILVL2 to ILVLO of the peripheral function interrupts to be used for
exiting stop mode. Set bitsILVL2 to ILVLO of the peripheral function interrupts that are not to be used for
exiting stop mode to 000b (interrupt disabled).

(2) Setthel flagto 1.

(3) Operate the peripheral function to be used for exiting stop mode.
When the MCU exits stop mode by a peripheral function interrupt, the interrupt sequence is executed when
an interrupt request is generated and the CPU clock supply starts.

The clock used immediately before stop mode divided by 8 is used as the CPU clock when the MCU exits stop
mode by a peripheral function interrupt. To enter stop mode, set the CM 35 bit in the CM 3 register to 0 (settings
of CMO06 bit in CMO register and bits CM 16 and CM17 in CM1 register enabled)

FMRO Register . . . . .
Internal Power Time until Time until Time for
e " Flash Memory CPU Clock Interrupt Remarks
Stabilization Time (T0) o
. Activation (T2) Supply (T3) Sequence (T4)
FMSTP Bit

0 Period of system clock Period of CPU clock | Period of CPU clock | Th | of TO

100 ps (max.) x 1 cycle + 60 ps 2 oveles 20 ovcles The total of T
(flash memory operates) (max.) x 2 eyl x Yy to T4 is the time
from wait mode to
1 Period of system clock interrupt routine
(flash memory stops) 100 ps (max.) x 1 cycle Same as above Same as above | execution.
| TO P Tl | T2 | T3 P T4 _
Oscillation time of CPU clock
Stop mode Inte_r_nal_pow_er source used immediately Flagh memory CPU clock Interrupt sequence
stabilization time before stop mode activation sequence restart sequence

A 100 ms (max.)
Interrupt request generation

Figure 9.8 Time from Stop Mode to Interrupt Routine Execution
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Figure 9.9 shows the State Transitionsin Power Control Mode.

State Transitions in Power Control Mode

‘ Reset

/— Standard operating mode

CM14=0
OoCcD2=1
FRA01=0

y

Low-speed on-chip oscillator mode
CMO07 =0
CM14 =0
ocb2=1
FRAO1 =0

CM05=0
CM13=1
OCD2=0

CM07 =0
A CM14=0
FRAOO = 1 ocb2=1
FRAOL =1 FRAOL1=0
CM03 =0
CM04 =1
High-speed clock mode CM07 =1
CMO05 =0
CM07=0
cM13=1
0ocD2=0 CMO5 =0
CM07 =0
CM14=0 cMi3 =1
FRAO1 =0
ocD2 =1
FRAOO = 1
FRAOL =1

High-speed on-chip oscillator mode
CMO07 =0
ocD2=1
FRAOQO = 1
FRAOL = 1

Low-speed clock mode
CM04 =1
CM07 =1
CM03 =0

CMO07=0
OoCcD2=1
FRAOO =1
FRAO1=1

Interrupt WAIT instruction

CPU operation stops

CMO03, CM04, CM05, CMO07: Bits in CMO register
CM13, CM14: Bits in CML1 register

OCD2: Bitin OCD register

FRAOO0, FRAO1: Bits in FRAO register

Interrupt CM10=1

All oscillators stop
(except fOCO-WDT)

Figure 9.9

State Transitions in Power Control Mode
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9.8 Oscillation Stop Detection Function

The oscillation stop detection function detects the stop of the XIN clock oscillating circuit.
The oscillation stop detection function can be enabled and disabled by the OCDO bit in the OCD register.
Table 9.5 lists the Specifications of Oscillation Stop Detection Function.

When the XIN clock is the CPU clock source and bits OCD1 to OCDO are set to 11b, the MCU is placed in the
following state if the XIN clock stops.

* OCD2 hit in OCD register = 1 (on-chip oscillator clock selected)

* OCD3 hit in OCD register = 1 (XIN clock stops)

* CM14 bit in CM1 register = 0 (low-speed on-chip oscillator oscillates)
* Oscillation stop detection interrupt request is generated

Table 9.5 Specifications of Oscillation Stop Detection Function
Item Specification
Oscillation stop detection clock and f(XIN) > 2 MHz
frequency bandwidth
Enabled condition for oscillation stop Bits OCD1 to OCDO set to 11b
detection function
Operation at oscillation stop detection Oscillation stop detection interrupt generated
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9.8.1 How to Use Oscillation Stop Detection Function

* The oscillation stop detection interrupt shares a vector with the voltage monitor 1 interrupt, the voltage
monitor 2 interrupt, and the watchdog timer interrupt. To use the oscillation stop detection interrupt and
watchdog timer interrupt, the interrupt source needs to be determined.

Table 9.6 lists the Determination of Interrupt Sources for Oscillation Stop Detection, Watchdog Timer,
Voltage Monitor 1, or Voltage Monitor 2 Interrupt. Figure 9.11 shows an Example of Determining Interrupt
Sources for Oscillation Stop Detection, Watchdog Timer, Voltage Monitor 1, or Voltage Monitor 2 Interrupt.
When the XIN clock restarts after oscillation stop, switch the XIN clock to the clock source for the CPU clock
and the periphera functions by a program.

Figure 9.10 shows the Procedure for Switching Clock Source from Low-Speed On-Chip Oscillator to XIN
Clock.

To enter wait mode while the oscillation stop detection function is used, set the CM02 bit to O (periphera
function clock does not stop in wait mode).

Since the oscillation stop detection function is a function for cases where the XIN clock is stopped by an
external cause, set bits OCD1 to OCDO to 00b to stop or start the XIN clock by aprogram (select stop mode or
change the CM 05 hit).

This function cannot be used when the XIN clock frequency is below 2 MHz. In this case, set bits OCD1 to
OCDO to 00b.

To use the low-speed on-chip oscillator clock as the clock source for the CPU clock and the peripheral
functions after detecting the oscillation stop, set the FRAO1 bit in the FRAO register to 0 (low-speed on-chip
oscillator selected) and bits OCD1 to OCDO to 11b.

To use the high-speed on-chip oscillator clock as the clock source for the CPU clock and the peripheral
functions after detecting the oscillation stop, first set the FRAQO bit to 1 (high-speed on-chip oscillator
oscillates) and the FRAO1 hit to 1 (high-speed on-chip oscillator selected). Then set bits OCD1 to OCDO to
11b.
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Table 9.6

Determination of Interrupt Sources for Oscillation Stop Detection, Watchdog Timer,

Voltage Monitor 1, or Voltage Monitor 2 Interrupt

Generated Interrupt Source

Bit Indicating Interrupt Source

Oscillation stop detection

(@) or (b))

(a) OCD3 hit in OCD register = 1

(b) OCD1 to OCDO bits in

OCD register = 11b and OCD2 bit =1

Watchdog timer

VW2C3 bit in VW2C register = 1

Voltage monitor 1

VW1C2 bit in VWL1C register = 1

Voltage monitor 2

VW2C2 bit in VW2C register = 1

NO

( Switch to XIN clock )

Check several times
whether OCD3 bit is set to 0
XIN clock oscillates

Set bits OCD1 to OCDO to 00b

Set OCD2 bit to 0
(XIN clock selected)

End

C )

OCD3 to OCDO: Bits in OCD register

Figure 9.10
Clock

Procedure for Switching Clock Source from Low-Speed On-Chip Oscillator to XIN
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Determination of
Interrupt sources

OCD3 =1? NO
(XIN clock stops)

YES

(oscillation stop detection
interrupt enabled) and OCD2 = 1
(on-chip oscillator clock
selected as system clock)?

Set OCD1 bit to 0
(oscillation stop detection
interrupt disabled)

To oscillation stop detection
interrupt routine

Note:

OCD1 to OCD3: Bits in OCD register
VW2C2, VW2C3: Bits in VW2C register

VW2C3 =17
(watchdog timer underflow)

YES

NO

VW2C2 =1?
(Vdet2 passed)

To watchdog timer
interrupt routine

) C

To voltage monitor 2
interrupt routine

) C

To voltage monitor 1
interrupt routine

1. This disables multiple oscillation stop detection interrupts.

Figure 9.11

Example of Determining Interrupt Sources for Oscillation Stop Detection, Watchdog

Timer, Voltage Monitor 1, or Voltage Monitor 2 Interrupt
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9.9 Notes on Clock Generation Circuit

9.9.1 Stop Mode

To enter stop mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and then the
CM10 bit in the CM1 register to 1 (stop mode). An instruction queue pre-reads 4 bytes from the instruction
which sets the CM 10 bit to 1 (stop mode) and the program stops.

Insert at least four NOP instructions following the IMP.B instruction after the instruction which sets the CM10
bit to 1.

e Program example to enter stop mode

BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
BSET 0,PRCR ; Writing to CM 1 register enabled
FSET I ; Interrupt enabled
BSET 0,CM1 ; Stop mode
JMP.B LABEL_001

LABEL_001:
NOP
NOP
NOP
NOP

9.9.2 Wait Mode

To enter wait mode by setting the CM30 bit to 1, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite
mode disabled) before setting the CM 30 bit to 1.

To enter wait mode with the WAIT instruction, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode
disabled) and then execute the WAIT instruction. An instruction queue pre-reads 4 bytes from the instruction to
set the CM 30 bit to 1 (MCU enters wait mode) or the WAIT instruction, and then the program stops. Insert at
least four NOP instructions after the instruction to set the CM30 bit to 1 (MCU enterswait mode) or the WAIT
instruction.

¢ Program example to execute the WAIT instruction

BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
FSET I ; Interrupt enabled
WAIT ; Wait mode
NOP
NOP
NOP
NOP
¢ Program example to execute the instruction to set the CM30 bit to 1
BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
BSET 0, PRCR ; Writing to CM 3 register enabled
FCLR I ; Interrupt disabled
BSET 0, CM3 ; Wait mode
NOP
NOP
NOP
NOP
BCLR 0, PRCR ; Writing to CM 1 register disabled
FSET I ; Interrupt enabled
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9.9.3  Oscillation Stop Detection Function

Since the oscillation stop detection function cannot be used if the XIN clock frequency isbelow 2 MHz, set bits
OCD1 to OCDO to 00b.

994 Oscillation Circuit Constants

Consult the oscillator manufacturer to determine the optimal oscillation circuit constants for the user system.
To use the MCU with supply voltage below VCC = 2.7 V, it is recommended to set the CM 11 bit in the CM1
register to 1 (on-chip feedback resistor disabled) and connect the feedback resistor to the chip externally.
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10. Protection

The protection function protects important registers from being easily overwritten if a program runs out of control.
The registers protected by the PRCR register are asfollows:

* Registers protected by PRCO hit: Registers CM0, CM1, CM3, OCD, FRAO, FRA1, FRA2, and FRA3

* Registers protected by PRC1 bit: Registers PMO and PM 1

* Registers protected by PRC3 hit: Registers OCVREFCR, VCA2, VDI1LS, VWO0C, VW1C, and VW2C

10.1 Register

10.1.1 Protect Register (PRCR)
Address 000Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — PRC3 — PRC1 | PRCO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PRCO [Protect bit 0 Enables writing to registers CM0, CM1, CM3, OCD, FRAO, R/W

FRA1, FRA2, and FRA3.
0: Write disabled

1: Write enabled ()

bl PRC1 [Protect bit 1 Enables writing to registers PMO and PM1. R/W
0: Write disabled

1: Write enabled ()
b2 — Reserved bit Setto 0. R/W
b3 PRC3 [Protect bit 3 Enables writing to registers OCVREFCR, VCA2, VDI1LS, R/W
VWOC, VW1C, and VW2C.
0: Write disabled

1: Write enabled ()

b4 — Reserved bits Set to 0. R/W

b5 —

b6 —

b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
Notes:

1. The PRC2 bit is set to O after setting it to 1 (write enabled) and writing to the SFR area. Change the register
protected by the PRC2 bit with the next instruction after that used to set the PRC2 bit to 1. Do not allow interrupts
or DTC activation between the instruction to set to the PRC2 bit to 1 and the next instruction.

2. Bits PRCO, PRC1, and PRC3 are not set to 0 even after setting them to 1 (write enabled) and writing to the SFR
areas. Set these bits to 0 by a program.
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11. Interrupts

11.1 Overview

11.1.1 Types of Interrupts
Figure 11.1 shows the Types of Interrupts.

~ Software

(non-maskable interrupts)

Interrupts <

Peripheral function @
(maskable interrupts)

Notes:

Special ————
(non-maskable interrupts)
~ Hardware ——

<

Undefined instruction (UND instruction)
Overflow (INTO instruction)
BRK instruction
_ INT instruction

4 Watchdog timer
Oscillation stop detection
Voltage monitor 1 ©
Voltage monitor 2 ©
Single step @

Address break @

1. Peripheral function interrupts are generated by the peripheral functions in the MCU.
2. Do not use these interrupts. This is provided exclusively for use by development tools.
3. A non-maskable or maskable interrupt can be selected by bits IRQ1SEL and IRQ2SEL in the CMPA register.

\_ Address match

Figure 11.1 Types of Interrupts

* Maskable interrupts: These interrupts are enabled or disabled by the interrupt enable flag (I flag).
Theinterrupt priority can be changed based on the interrupt priority level.

* Non-maskableinterrupts:  These interrupts are not enabled or disabled by the interrupt enable flag (I flag).
Theinterrupt priority cannot be changed based on the interrupt priority level.
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11.1.2 Software Interrupts
A software interrupt is generated when an instruction is executed. Software interrupts are non-maskable.

11.1.2.1 Undefined Instruction Interrupt
An undefined instruction interrupt is generated when the UND instruction is executed.

11.1.2.2 Overflow Interrupt

An overflow interrupt is generated when the O flag is set to 1 (arithmetic operation overflow) and the INTO
instruction is executed. Instructions that set the O flag are asfollows:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, and SUB.

11.1.2.3 BRK Interrupt
A BRK interrupt is generated when the BRK instruction is executed.

11.1.2.4 INT Instruction Interrupt

AnINT instruction interrupt is generated when the INT instruction is executed. Software interrupt numbers 0 to
63 can be specified with the INT instruction. Because some software interrupt numbers are assigned to
peripheral function interrupts, the sameinterrupt routine as for peripheral function interrupts can be executed by
executing the INT instruction.

For software interrupt numbers 0 to 31, the U flag is saved on the stack during instruction execution and the U
flag is set to 0 (ISP selected) before the interrupt sequence is executed. The U flag is restored from the stack
when returning from the interrupt routine. For software interrupt numbers 32 to 63, the U flag does not change
state during instruction execution, and the selected SPis used.
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11.1.3 Special Interrupts
Special interrupts are non-maskable.

11.1.3.1 Watchdog Timer Interrupt
A watchdog timer interrupt is generated by the watchdog timer. For details, refer to 14. Watchdog Timer.

11.1.3.2 Oscillation Stop Detection Interrupt

An oscillation stop detection interrupt is generated by the oscillation stop detection function. For details of the
oscillation stop detection function, refer to 9. Clock Generation Cir cuit.

11.1.3.3 Voltage Monitor 1 Interrupt

A voltage monitor 1 interrupt is generated by the voltage detection circuit. A non-maskable or maskable
interrupt can be selected by IRQ1SEL bit in the CMPA register. For details of the voltage detection circuit,
refer to 6. Voltage Detection Circuit.

11.1.3.4 Voltage Monitor 2 Interrupt

A voltage monitor 2 interrupt is generated by the voltage detection circuit. A non-maskable or maskable
interrupt can be selected by IRQ2SEL bit in the CMPA register. For details of the voltage detection circuit,
refer to 6. Voltage Detection Circuit.

11.1.3.5 Single-Step Interrupt, and Address Break Interrupt
Do not use these interrupts. They are provided exclusively for use by development tools.

11.1.3.6 Address Match Interrupt

An address match interrupt is generated immediately before executing an instruction that is stored at an address
indicated by registers RMADO to RMADL1 if the AIERQO bit in the AIERO register or the AIER10 bit in the
AIERL1 register is set to 1 (address match interrupt enabled).

For details of the address match interrupt, refer to 11.6 Address Match Interrupt.

11.1.4 Peripheral Function Interrupts

A peripheral function interrupt is generated by a peripheral function in the MCU. Peripheral function interrupts
are maskable. Refer to Table 11.2 Relocatable Vector Tables for sources of the corresponding peripheral
function interrupt. For details of peripheral functions, refer to the descriptions of individual peripheral
functions.
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11.1.5

Interrupts and Interrupt Vectors

There are 4 bytes in each vector. Set the starting address of an interrupt routine in each interrupt vector. When
an interrupt request is acknowledged, the CPU branches to the address set in the corresponding interrupt vector.
Figure 11.2 shows an Interrupt Vector.

MSB

LSB

Vector address (L)

Low-order address

Middle-order address

0000

High-order address

Vector address (H)

0000

0000

Figure 11.2

11151

Interrupt Vector

Fixed Vector Tables

The fixed vector tables are alocated addresses OFFDCh to OFFFFh.
Table 11.1 lists the Fixed Vector Tables. The vector addresses (H) of fixed vectors are used by the ID code
check function. For details, refer to 29.3 Functionsto Prevent Flash Memory from being Rewritten.

Table 11.1

Fixed Vector Tables

Interrupt Source

Vector Addresses
Address (L) to (H)

Remarks

Reference

Undefined instruction

OFFDCh to OFFDFh

Interrupt with
UND instruction

Overflow

OFFEOh to OFFE3h

Interrupt with
INTO instruction

BRK instruction

OFFE4h to OFFE7h

If the content of address
OFFE7h is FFh,
program execution
starts from the address
shown by the vector in
the relocatable vector
table.

R8C/Tiny Series
Software Manual

Address match

OFFES8h to OFFEBh

11.6 Address Match
Interrupt

Single step (1)

OFFECh to OFFEFh

Watchdog timer,
Oscillation stop detection,
Voltage monitor 1,
Voltage monitor 2

OFFFOh to OFFF3h

14. Watchdog Timer
9. Clock Generation Circuit
6. Voltage Detection Circuit

Address break (1)

OFFF4h to OFFF7h

(Reserved) OFFF8h to OFFFBh
Reset OFFFCh to OFFFFh 5. Resets
Note:

1. Do not use these interrupts. They are provided exclusively for use by development tools.
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11.1.5.2 Relocatable Vector Tables

The relocatable vector tables occupy 256 bytes beginning from the starting address set in the INTB register.
Table 11.2 lists the Relocatable Vector Tables.

Table 11.2  Relocatable Vector Tables
Interrupt Source Vector Addresses (1) ISn(ifet\rArlL?gi Interrupt_ControI Reference
Address (L) to Address (H) Number Register
BRK instruction (3) +0 to +3 (0000h to 0003h) 0 - R8C/Tiny Series
Software Manual
Flash memory ready +4 to +7 (0004h to 0007h) 1 FMRDYIC 29. Flash Memory
(Reserved) 2to5 - -
(Reserved) +24 to +27 (0018h to 001Bh) 6 - -
Timer RC +28 to +31 (001Ch to 001Fh) 7 TRCIC 19. Timer RC
(Reserved) +32 to +35 (0020h to 0023h) 8 - -
(Reserved) +36 to +39 (0024h to 0027h) 9 - -
Timer RE +40 to +43 (0028h to 002Bh) 10 TREIC 20. Timer RE
UART2 transmit/NACK2 +44 to +47 (002Ch to 002Fh) 11 S2TIC 22. Serial Interface
UART?2 receive/ACK2 +48 to +51 (0030h to 0033h) 12 S2RIC (UART2)
Key input +52 to +55 (0034h to 0037h) 13 KUPIC 11.5 Key Input Interrupt
A/D conversion +56 to +59 (0038h to 003Bh) 14 ADIC 27. A/D Converter
Synchronous serial +60 to +63 (003Ch to 003Fh) 15 SSUIC/IICIC 24. Synchronous Serial
communication unit / 12C Communication Unit
bus interface (2) (SSv),
25. 12C bus Interface
(Reserved) 16 - -
UARTO transmit +68 to +71 (0044h to 0047h) 17 SOTIC 21. Serial Interface
UARTO receive +72 to +75 (0048h to 004Bh) 18 SORIC (UARTO)
(Reserved) 19 - -
(Reserved) 20 - -
(Reserved) +84 to +87 (0054h to 0057h) 21 - -
Timer RA +88 to +91 (0058h to 005Bh) 22 TRAIC 17. Timer RA
(Reserved) 23 - -
Timer RB +96 to +99 (0060h to 0063h) 24 TRBIC 18. Timer RB
INT1 +100 to +103 (0064h to 0067h) 25 INT1IC 11.4 INT Interrupt
INT3 +104 to +107 (0068h to 006Bh) 26 INT3IC
(Reserved) 27 - -
(Reserved) 28 - -
INTO +116 to +119 (0074h to 0077h) 29 INTOIC 11.4 INT Interrupt
UART?2 bus collision detection | +120 to +123 (0078h to 007Bh) 30 U2BCNIC 22. Serial Interface
(UART2)
(Reserved) 31 - -
Software 3 +128 to +131 (0080h to 0083h) to |32to 41 |- R8C/Tiny Series
+164 to +167 (00A4h to 00A7h) Software Manual
(Reserved) 421049 |- -
Voltage monitor 1 +200 to +203 (00C8h to 00CBh) |50 VCMP1IC 6. Voltage Detection
Voltage monitor 2 +204 to +207 (00CCh to 00CFh) |51 VCMP2IC Circuit
(Reserved) 52t0 55 |- -
Software 3 +224 to +227 (00EOh to 00E3h) to |56 to 63 |— R8C/Tiny Series
+252 to +255 (00FCh to O0FFh) Software Manual
Notes:

1. These addresses are relative to those in the INTB register.
2. Selectable by the IICSEL bit in the SSUIICSR register.
3. These interrupts are not disabled by the | flag.

11.2 Registers
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11.2.1 Interrupt Control Register
(TREIC, S2TIC, S2RIC, KUPIC, ADIC, SOTIC, SORIC, TRAIC, TRBIC,
U2BCNIC, VCMPL1IC, VCMP2IC)
Address 004Ah (TREIC), 004Bh (S2TIC), 004Ch (S2RIC), 004Dh (KUPIC), 004Eh (ADIC),

0051h (SOTIC), 0052h (SORIC), 0056h (TRAIC), 0058h (TRBIC), 005Eh (U2BCNIC),
0072h (VCMP1IC), 0073h (VCMP2IC),

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | IR | ILVL2 | ILVL1 | ILVLO |
After Reset X X X X X 0 0 0
Bit Symbol Bit Name Function R/W
b0 ILVLO [Interrupt priority level select bit bébé tg Level O (i disabled R/W
b1 VLT o0 1: Lgx; : (interrupt disabled) RIW
b2 | ILVL2 010: Level 2 RIW
011:Level3
100: Level 4
101: Level 5
110: Level 6
111:Level 7
b3 IR Interrupt request bit 0: No interrupt requested R/W
1: Interrupt requested (1)
b4 — Nothing is assigned. If necessary, set to 0. —
b5 — When read, the content is undefined.
b6 —
b7 —
Note:

1. Only O can be written to the IR bit. Do not write 1 to this bit.

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.
Refer to 11.8.5 Rewriting Interrupt Control Register.
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11.2.2 Interrupt Control Register (FMRDYIC, TRCIC, SSUIC/IICIC)
Address 0041h (FMRDYIC), 0047h (TRCIC), 004Fh (SSUIC/ICIC (1))

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | IR | ILVL2 | ILVL1 | ILVLO |
After Reset X X X X X 0 0 0
Bit Symbol Bit Name Function R/W
b0 ILVLO [Interrupt priority level select it bébcl) tg Level O (i disabled R/W
b1 VLT o0 1: szzl : (interrupt disabled) RIW
b2 | ILVL2 010: Level 2 RIW
011:Level3
100: Level 4
101:Levels
110: Level 6
111:Level 7
b3 IR Interrupt request bit 0: No interrupt requested R
1: Interrupt requested
b4 — Nothing is assigned. If necessary, set to 0. —
b5 — When read, the content is undefined.
b6 —
b7 —
Note:

1. Selectable by the IICSEL bit in the SSUIICSR register.

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.
Refer to 11.8.5 Rewriting Interrupt Control Register.
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11.2.3 INTi Interrupt Control Register (INTIIC) (i=0, 1, 3)
Address 0059h (INT1IC), 005Ah (INT3IC), 005Dh (INTOIC)
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | POL | IR | ILVL2 | ILVL1 | ILVLO

After Reset X X 0 0 X 0 0 0

Bit Symbol Bit Name Function R/W

b0 ILVLO [Interrupt priority level select bit b2b1 b0 ) ) R/W

b1 TRYE) 8 8 (;: Ilzgzg: (l) (interrupt disabled) RIW

b2 ILVL2 010: Level 2 RIW
011:Level3
100: Level 4
101:Level5
110: Level 6
111:Level 7

b3 IR Interrupt request bit 0: No interrupt requested R/W
1: Interrupt requested (1)

b4 POL  |Polarity switch bit (3) 0: Falling edge selected R/W
1: Rising edge selected ()

b5 — Reserved bit Set to 0. R/W

b6 — Nothing is assigned. If necessary, set to 0. —

b7 — When read, the content is undefined.

Notes:

1. Only 0 can be written to the IR bit. (Do not write 1 to this bit.)
If the INTIPL bit in the INTEN register is set to 1 (both edges), set the POL bit to O (falling edge selected).

3. The IR bit may be set to 1 (interrupt requested) when the POL bit is rewritten. Refer to 11.8.4 Changing
Interrupt Sources.

2.

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.
Refer to 11.8.5 Rewriting Interrupt Control Register.
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11.3

Interrupt Control

The following describes enabling and disabling maskable interrupts and setting the acknowledgement priority.
This description does not apply to non-maskabl e interrupts.

Usethel flag in the FLG register, IPL, and bits ILVL2 to ILVLO in the corresponding interrupt control register
to enable or disable a maskable interrupt. Whether an interrupt is requested or not is indicated by the IR bit in
the corresponding interrupt control register.

11.3.1 |Flag

The | flag enables or disables maskable interrupts. Setting the | flag to 1 (enabled) enables maskable interrupts.
Setting the | flag to O (disabled) disables all maskable interrupts.

11.3.2 IR Bit

The IR bit is set to 1 (interrupt requested) when an interrupt request is generated. After the interrupt request is
acknowledged and the CPU branches to the corresponding interrupt vector, the IR bit is set to O (no interrupt
requested).

The IR bit can be set to 0 by a program. Do not write 1 to this bit.

However, the IR bit operations of the timer RC interrupt, the synchronous serial communication unit interrupt,
the 12C bus interface interrupt, and the flash memory interrupt are different. Refer to 11.7 Timer RC Interrupt,
Synchronous Serial Communication Unit Interrupt, 12C bus Interface Interrupt, and Flash Memory
Interrupt (Interruptswith Multiple Interrupt Request Sour ces).

11.3.3 Bits ILVL2to ILVLO, IPL

Interrupt priority levels can be set using bitsILVL2 to ILVLO.
Table 11.3 lists the Settings of Interrupt Priority Levels and Table 11.4 lists the Interrupt Priority Levels
Enabled by IPL.

The following are the conditions when an interrupt is acknowledged:
| flag=1

* IRbit=1

* Interrupt priority level > 1PL

Thel flag, IR bit, bitsILVL2to ILVLO, and IPL are independent of each other. They do not affect one another.

Table 11.3 Settings of Interrupt Priority Table 11.4  Interrupt Priority Levels Enabled by
Levels IPL

BitsILVL21to ILVLO Interrupt Priority Level Priority IPL Enabled Interrupt Priority Level
000b Level O (interrupt disabled) - 000b Interrupt level 1 and above

001b Level 1 Low 001b Interrupt level 2 and above

010b Level 2 010b Interrupt level 3 and above

011b Level 3 011b Interrupt level 4 and above

100b Level 4 100b Interrupt level 5 and above

101b Level 5 101b Interrupt level 6 and above

110b Level 6 110b Interrupt level 7 and above

111b Level 7 High 111b All maskable interrupts are disabled
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11.3.4 Interrupt Sequence

The following describes an interrupt sequence which is performed from when an interrupt request is
acknowledged until the interrupt routine is executed.

When an interrupt request is generated while an instruction is being executed, the CPU determines its interrupt
priority level after the instruction is completed. The CPU starts the interrupt sequence from the following cycle.
However, for the SMOVB, SMOVF, SSTR, or RMPA instruction, if an interrupt request is generated while the
instruction is being executed, the MCU suspends the instruction to start the interrupt sequence. The interrupt
sequence is performed as indicated below.

Figure 11.3 shows the Time Required for Executing Interrupt Sequence.

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading address
00000h. The IR hit for the corresponding interrupt is set to 0 (no interrupt requested). (2)

(2) The FLG register is saved to a temporary register (1) in the CPU immediately before entering the interrupt
sequence.

(3) Thel, D and U flagsin the FLG register are set as follows:
Thel flag is set to O (interrupts disabled).
The D flag is set to O (single-step interrupt disabled).
The U flag is set to 0 (ISP selected).
However, the U flag does not change state if an INT instruction for software interrupt number 32 to 63 is
executed.

(4) The CPU internal temporary register (1) is saved on the stack.

(5) ThePC issaved on the stack.

(6) Theinterrupt priority level of the acknowledged interrupt is set inthe IPL.

(7) The starting address of the interrupt routine set in the interrupt vector is stored in the PC.

After the interrupt sequence is completed, instructions are executed from the starting address of the interrupt
routine.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CPU Clock

Address Bus Address Undefined {sp2)sp-1)sp-a) sp3 Yvec) vecs1 X Vvec+2 PC
Data Bus T Undefined EED A A I N (- -
RD u_\( Undefined Y |_|
WR

Note:
The indeterminate state depends on the instruction queue buffer.
A read cycle occurs when the instruction queue buffer is ready to acknowledge instructions.

Figure 11.3  Time Required for Executing Interrupt Sequence

Notes:
1. Theseregisters cannot be accessed by the user.
2. Referto 11.7 Timer RC Interrupt, Synchronous Serial Communication Unit Interrupt, 12C bus
Interface Interrupt, and Flash Memory Interrupt (Interruptswith Multiple Interrupt Request
Sour ces) for the IR bit operations of the timer RC Interrupt, the Synchronous Serial Communication
unit Interrupt, and the 12C bus Interface Interrupt.
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11.3.5 Interrupt Response Time

Figure 11.4 shows the Interrupt Response Time. The interrupt response time is the period from when an
interrupt request is generated until the first instruction in the interrupt routine is executed. The interrupt
response time includes the period from when an interrupt request is generated until the currently executing
instruction is completed (refer to (a) in Figure 11.4) and the period required for executing the interrupt sequence
(20 cycles, refer to (b) in Figure 11.4).

Interrupt request generation  Interrupt request acknowledgement

vy .

Instruction in
interrupt routine

g Instruction Interrupt sequence

(@) 20 cycles (b) 7

-
Lt Lt

A

Interrupt response time

A
y

(a) The period from when an interrupt request is generated until the currently executing instruction is completed.
The length of time varies depending on the instruction being executed. The DIVX instruction requires
the longest time, 30 cycles (no wait states if the divisor is a register).

(b) 21 cycles for address match and single-step interrupts.

Figure 11.4 Interrupt Response Time

11.3.6 IPL Change when Interrupt Request is Acknowledged

When a maskable interrupt request is acknowledged, the interrupt priority level of the acknowledged interrupt
issetinthelPL.

When a software interrupt or special interrupt request is acknowledged, the level listed in Table 11.5is set in
the IPL.

Table 11.5 liststhe IPL Vaue When Software or Specia Interrupt is Acknowledged.

Table 11.5 IPL Value When Software or Special Interrupt is Acknowledged

Interrupt Source without Interrupt Priority Level Value Set in IPL
Watchdog timer, oscillation stop detection, voltage monitor 1, voltage monitor 7
2, address break
Software, address match, single-step Not changed
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11.3.7 Saving Registers

In the interrupt sequence, the FL G register and PC are saved on the stack.

After an extended 16 bits, 4 high-order bits in the PC and 4 high-order (IPL) and 8 low-order bitsin the FLG

register, are saved on the stack, the 16 low-order bitsin the PC are saved.

Figure 11.5 shows the Stack State Before and After Acknowledgement of Interrupt Request.
The other necessary registers should be saved by a program at the beginning of the interrupt routine. The
PUSHM instruction can save several registers in the register bank being currently used (1) with a single

instruction.

Note:

1. Selectable from registers RO, R1, R2, R3, AQ, A1, SB, and FB.

Stack state before interrupt request acknowledgement

Note:

1.When an INT instruction for software numbers 32 to 63 has been executed,

this SP is indicated by the U flag. Otherwise it is ISP.

Address Stack Address Stack
MSB LSB MSB LSB
[SP]
m-4 m-4 PCL
m-3 m-3 PCM
m-2 m-2 FLGL
m-1 m-1 FLGH PCH
[SP]
m . SP value before m .
Previous stack contents interrupt request Previous stack contents Egkﬂ
acknowledgement @
m+l ; m+1 ; PCH
Previous stack contents Previous stack contents FLGL
/\_/ e

Stack state after interrupt request acknowledgement

New SP value @

: 8 low-order bits of PC

: 8 middle-order bits of PC
: 4 high-order bits of PC

: 8 low-order bits of FLG

: 4 high-order bits of FLG

Figure 11.5

Stack State Before and After Acknowledgement of Interrupt Request
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The register saving operation, which is performed as part of the interrupt sequence, saved in 8 bitsat atimein

PCL
PCM
PCH
FLGL
FLGH

: 8 low-order bits of PC

: 8 middle-order bits of PC
: 4 high-order bits of PC

: 8 low-order bits of FLG

: 4 high-order bits of FLG

four steps.
Figure 11.6 shows the Register Saving Operation.
Address Stack
Sequence in which registers are saved
[SPI-5
[SP]-4 PCL +— (3
[SP]-3 PCM l— (4)
Saved, 8 bits at a time
[SP]-2 FLGL l— (1)
(P11 FLGH PCH [*+—®@
[SP]
Completed saving registers
in four operations
Note:
1.[SP] indicates the SP initial value when an interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.
When an INT instruction for software numbers 32 to 63 has been executed,
this SP is indicated by the U flag. Otherwise it is ISP.

Figure 11.6  Register Saving Operation

REJO09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS

Page 134 of 573



R8C/32C Group 11. Interrupts

11.3.8 Returning from Interrupt Routine

When the REIT instruction is executed at the end of an interrupt routine, the FL G register and PC, which have
been saved on the stack, are automatically restored. The program, that was running before the interrupt request
was acknowledged, starts running again.

Registers saved by a program in an interrupt routine should be saved using the POPM instruction or a similar
instruction before executing the REIT instruction.

11.3.9 Interrupt Priority

If two or more interrupt requests are generated while a single instruction is being executed, the interrupt with
the higher priority is acknowledged.

Set bits ILVL2 to ILVLO to select any priority level for maskable interrupts (peripheral function). However, if
two or more maskable interrupts have the same priority level, their interrupt priority is resolved by hardware,
with the higher priority interrupts acknowledged.

The priority of watchdog timer and other special interruptsis set by hardware.

Figure 11.7 shows the Hardware Interrupt Priority.

Software interrupts are not affected by the interrupt priority. If an instruction is executed, the MCU executes the
interrupt routine.

High
Reset 9

Address break

Watchdog timer
Oscillation stop detection
Voltage monitor 1
Voltage monitor 2

Peripheral function

Single step

Address match
Low

Figure 11.7 Hardware Interrupt Priority

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 135 of 573



R8C/32C Group 11. Interrupts

11.3.10 Interrupt Priority Level Selection Circuit

Theinterrupt priority level selection circuit is used to select the highest priority interrupt.
Figure 11.8 shows the Interrupt Priority Level Selection Circuit.

Priority level of interrupts Highest
[T | Level O (initial value) A

| Voltage monitor 1

| UART?2 bus collision detection

| Voltage monitor 2

| INT3

| Timer RB

| Timer RA

| iNTO

INT1

| Timer RC Peripheral function interrupt priority

(if the priority levels are same)

| UARTO receive

| A/D conversion

| UART? receive/ACK2

| Timer RE

| UARTO transmit

| SSU/ 12C bus @

| Key input
| UART?2 transmit/NACK2
| Flash memory ready 4
| IPL Lowest
Interrupt request level
selection output signal
I flag Interrupt request

acknowledgement

Address match

Watchdog timer

Voltage monitor 1

|
|
|
| Oscillation stop detection
|
|

Voltage monitor 2

Note:
1. Selectable by the IICSEL bit in the SSUIICSR register.

Figure 11.8 Interrupt Priority Level Selection Circuit

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 136 of 573



R8C/32C Group

11. Interrupts

114 ﬁ Interrupt

11.4.1 INTi Interrupt (i=0, 1, 3)

The INTI interrupt is generated by an INTi input. To use the INTi interrupt, set the INTIiEN bit in the INTEN
register isto 1 (enabled). The edge polarity is selected using the INTiPL bit in the INTEN register and the POL
bit in the INTilC register. The input pins used as the INT1 input can be selected.

Also, inputs can be passed through a digital filter with three different sampling clocks.

The INTO pin is shared with the pulse output forced cutoff input of timer RC, and the external trigger input of

timer RB.

Table 11.6 lists the Pin Configuration of INT Interrupt.

Table 11.6  Pin Configuration of INT Interrupt
Pin Name Assigned Pin I/O Function
INTO P4_5 Input INTO interrupt input, timer RB external
trigger input, timer RC pulse output forced
cutoff input
INT1 P1 5orP1_7 Input INT1 interrupt input
INT3 P3_3 Input INT3 interrupt input
11.4.2 INT Interrupt Input Pin Select Register (INTSR)
Address 018Eh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | — |INT1$ELO —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl |INTISELO [|NT1 pin select bit 0: P1_7 assigned R/W
1: P1_5 assigned
b2 — Reserved bits Setto 0. R/W
b3 —
b4 —
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 — Reserved bits Setto 0. R/W
b7 —

The INTSR register selects which pinisassigned to the INT1 input. To use INT1, set this register.
Set the INTSR register before setting the INT1 associated registers. Also, do not change the setting values in

thisregister during INT1 operation.
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11.4.3 External Input Enable Register O (INTEN)

Address 01FAh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| INT3PL | INT3EN | — | — | INT1PL | INT1EN | INTOPL | INTOEN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 INTOEN INTO input enable bit 0: Disabled R/W
1: Enabled

bl | INTOPL \\NT0 input polarity select bit (1. 2 0: One edge RIW
1: Both edges

b2 INT1EN [INT1 input enable bit 0: Disabled R/W
1: Enabled

b3 | INTIPL \NT1 input polarity select bit (1. 2) 0: One edge RIW
1: Both edges

b4 — Reserved bits Set to 0. R/W

b5 —

b6 INT3EN ||NT3 input enable bit 0: Disabled R/W
1: Enabled

b7 INT3PL ||NT3 input polarity select bit (1. 2) 0: One edge RIW
1: Both edges

Notes:

1. To set the INTIPL bit (i = 0, 1, 3) to 1 (both edges), set the POL bit in the INTIIC register to O (falling edge

selected).

2. The IR bitin the INTIIC register may be set to 1 (interrupt requested) if the INTEN registert is rewritten. Refer to

11.8.4 Changing Interrupt Sources.

11.4.4 INT Input Filter Select Register O (INTF)
Address 01FCh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ INT3FL | INT3FO [ — | — [ INTIFL | INTLFO | INTOFL | INTOFO
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 INTOFO ; " ] b1 b0 R/W

P NTOFT INTO input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling

b2 INT1FO ; ) . b3 b2 RIW

= NTIFT INT1 input filter select bit 0 0: No filter "
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling

b4 — Reserved bits Set to 0. R/W

b5 —

b6 INT3FO i ) i b7 b6 R/W

= NTSET INT3 input filter select bit 0 0: No filter s
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
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11.4.5 INTi Input Filter (i=0, 1, 3)

The INTI input contains a digital filter. The sampling clock is selected using bits INTiF1 and INTiFO in the

INTF register. The INTi level is sampled every sampling clock cycle and
threetimes, the IR bit in the INTiIC register is set to 1 (interrupt requested).

if the sampled input level matches

Figure 11.9 showsthe INTi Input Filter Configuration. Figure 11.10 shows an Operating Example of INTi Input

Filter.
INTiF1 to INTiFO
fl =01b
fg = lObO )\ Sampling clock
f32 =8 o INTIEN
Other than
INTiF1 to INTIFO
INTi Digital filter |= 00b o) INTi interrupt
o (input level
Port dl_rectlo? ma_tches = 00b INTiPL = 0
register @ 3 times)
Both edges
detection -
circuit  |INTiPL=1
INTIFO, INTiF1: Bits in INTF register
INTIEN, INTiPL: Bits in INTEN register
i=0,1,3
Note:
1. INTO: Port P4_5 direction register
INT1: Port P1_5 direction register when P1_5 pin used
Port P1_7 direction register when P1_7 pin used
INT3: Port P3_3 direction register when P3_3 pin used
Figure 11.9 INTI Input Filter Configuration
INTi input
piCa R R R S R A S S A R R
timing
IR bit in

INTIIC register

Note:

This is an operating example when bits INTiF1 to INTIFO in the INTF register are set to 01b,
i=0,1,3

Set to 0 by a program.

10b, or 11b (digital filter enabled).

Figure 11.10 Operating Example of INTi Input Filter
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11.5 Key Input Interrupt

A key input interrupt request is generated by one of the input edges of pins K10 to K13. The key input interrupt can
be used as a key-on wake-up function to exit wait or stop mode. .
TheKIiEN (i =0to 3) bit in the KIEN register is be used to select whether or not the pins are used as the Kli input.
The KIiPL bit in the KIEN register is also be used to select the input polarity. L
When inputting “L” to the Kli pin, which sets the KIiPL bit to O (falling edge), the input to the other pins K10 to
K13 is not detected as interrupts. When inputting “H” to the Kli pin, which sets the KIiPL bit to 1 (rising edge), the
input to the other pins K10 to K13 is hot also detected as interrupts.

Figure 11.11 shows a Block Diagram of Key Input Interrupt. Table 11.7 lists the Pin Configuration of Key Input
Interrupt.

KUPIC register

jo—— PD1_3 bit in PD1 register

T o—,_ PUO02 bit in PURO register
) |

Pull-up
transistor

KI3EN bit
PD1_3 bit
KI3PL=0 :)D_
KI3 —| >o—O O
KIBPL =1
KI2EN bit
Pull-up PDL_2 bit
transistor KI2PL = 0 \ 4
_ T Key input
O [ Interrupt control circuit l—}
Ki2 >° o Om P interrupt request
KI2PL =1
KILEN bit
Pull-up PDL_1 bit
transistor KIPL = 0
KI1IPL =1
KIOEN bit KIOEN, KI1EN, KI2EN, KI3EN,
Pull-up PD1 O bit KIOPL, KI1PL, KI2PL, KI3PL: Bits in KIEN register
transistor KIOPL = 0 pu PD1_0,PD1_1, PD1_2, PD1_3: Bits in PD1 register
Ko 04— o0 D

KIOPL =1

Figure 11.11 Block Diagram of Key Input Interrupt

Table 11.7  Pin Configuration of Key Input Interrupt

Pin Name I/O Function
KIO Input 10 interrupt input
KI1 Input KI1 interrupt input
KI2 Input | K12 interrupt input
KI3 Input KI3 interrupt input
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11.5.1

Address 01FEh

Key Input Enable Register 0 (KIEN)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| KI3PL | KI3EN | KI2PL | KI2EN | KI1PL | KILEN | KIOPL | KIOEN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 KIOEN [KIO input enable bit 0: Disabled R/W
1: Enabled

bl KIOPL [KIO input polarity select bit 0: Falling edge R/W
1: Rising edge

b2 KILEN [KI1 input enable bit 0: Disabled R/W
1: Enabled

b3 KI1PL [KI1 input polarity select bit 0: Falling edge R/W
1: Rising edge

b4 KI2EN [KI2 input enable bit 0: Disabled R/W
1: Enabled

b5 KI2PL [KI2 input polarity select bit 0: Falling edge R/W
1: Rising edge

b6 KISEN [KI3 input enable bit 0: Disabled R/W
1: Enabled

b7 KISPL [KI3 input polarity select bit 0: Falling edge R/W
1: Rising edge

The IR bit in the KUPIC register may be set to 1 (interrupt requested) when the KIEN register is rewritten.
Refer to 11.8.4 Changing I nterrupt Sour ces.
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11.6 Address Match Interrupt

An address match interrupt request is generated immediately before execution of the instruction at the address
indicated by the RMAD:I register (i = 0 or 1). Thisinterrupt is used as a break function by the debugger. When the
on-chip debugger is used, do not set an address match interrupt (registers AIERO, AIER1, RMADO, and RMAD1,
and fixed vector tables) in the user system.

Set the starting address of any instruction in the RMAD:I register (i = 0 or 1). The AIERIO bit in the AIERI register

can be used to select enable or disable the interrupt. The address match interrupt is not affected by the | flag and

IPL.

The PC value (refer to 11.3.7 Saving Registers) which is saved on the stack when an address match interrupt

request is acknowledged varies depending on the instruction at the address indicated by the RMAD:I register. (The

appropriate return address is not saved on the stack.) When returning from the address match interrupt, follow one

of the following means:

* Rewrite the contents of the stack and use the REIT instruction to return.

* Use an instruction such as POP to restore the stack to its previous state before the interrupt request was
acknowledged. Then use ajump instruction to return.

Table 11.8 lists the PC Vaue Saved on Stack When Address Match Interrupt Request is Acknowledged and Table

11.9 lists the Correspondence Between Address Match Interrupt Sources and Associated Registers.

Table 11.8  PC Value Saved on Stack When Address Match Interrupt Request is Acknowledged

Address Indicated by RMADI Register (i=0 or 1) PC Value Saved @

* Instruction with 2-byte operation code @ Address indicated by
« Instruction with 1-byte operation code @ RMAD:I register + 2

ADD.B:S  #IMM8,dest SUB.B:S #IMM8,dest AND.B:S #IMM8,dest
OR.B:S #IMM8,dest MOV.B:S #IMM8,dest STZ #IMM8,dest
STNZ #IMM8,dest STZX #IMM81,#IMM82,dest

CMP.B:S #IMM8,dest PUSHM  src POPM dest

JMPS #IMM8 JSRS #IMM8

MOV.B:S  #IMM,dest (however, dest = AO or Al)

Address indicated by
RMAD:i register + 1

Instructions other than above

Notes:
1. Referto 11.3.7 Saving Registers.
2. Operation code: Refer to the R8C/Tiny Series Software Manual (REJO9B0001).
Chapter 4. Instruction Code/Number of Cycles contains diagrams showing
operation code below each syntax. Operation code is shown in the bold frame in
the diagrams.

Table 11.9

Correspondence Between Address Match Interrupt Sources and Associated Registers

Address Match Interrupt Source

Address Match Interrupt Enable Bit

Address Match Interrupt Register

Address match interrupt O

AIEROO

RMADO

Address match interrupt 1

AIER10

RMAD1
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11.6.1 Address Match Interrupt Enable Register i (AIERI) (i =0 or 1)
Address 01C3h (AIERO), 01C7h (AIER1)

Bit b7 b6 b5 b4 b3 b2 b1l bo
Sympol| — | — | — | — | — | — | — | AIER0O [AIERO register
After Reset 0 0 0 0 0 0 0 0
Symbol[  — | — | — | — | — | — | — | AIER10 |AIERL register
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 AIERIO |Address match interrupt i enable bit  [0: Disabled R/W
1: Enabled
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —

11.6.2 Address Match Interrupt Register i (RMAD:i) (i=0or 1)
Address 01C2h to 01COh (RMADO), 01C6h to 01C4h (RMAD1)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symholf — | — [ — [ — | — | — [ = [ —
After Reset X X X X X X X X
Bit  bil5 b14 b13 b12 b1l b10 b9 b8
Symbol — — — — — — — —
After Reset X X X X X X X X
Bit  b23 b22 b21 b20 b19 b18 b17 b16
Symbol — — — — — — — —
After Reset 0 0 0 0 X X X X
Bit Symbol Function Setting Range R/W
b19 to b0 — Address setting register for address match interrupt 00000h to FFFFFh R/W
b20 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b21 —
b22 —
b23 —
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11.7

Timer RC Interrupt, Synchronous Serial Communication Unit Interrupt, 12C

bus Interface Interrupt, and Flash Memory Interrupt (Interrupts with Multiple
Interrupt Request Sources)

The timer RC interrupt, synchronous serial communication unit interrupt, 12C bus interface interrupt, and flash
memory interrupt each have multiple interrupt request sources. An interrupt request is generated by the logical OR
of several interrupt request sources and is reflected in the IR bit in the corresponding interrupt control register.
Therefore, each of these peripheral functions hasits own interrupt request source status register (status register) and
interrupt request source enable register (enable register) to control the generation of interrupt requests (change of
the IR bit in the interrupt control register). Table 11.10 lists the Registers Associated with Timer RC Interrupt,
Synchronous Serial Communication Unit Interrupt, 12C bus Interface Interrupt, and Flash Memory Interrupt.

Table 11.10 Registers Associated with Timer RC Interrupt, Synchronous Serial Communication
Unit Interrupt, 12C bus Interface Interrupt, and Flash Memory Interrupt

Peripheral Function Status Register of Enable Register of Interrupt Control
Name Interrupt Request Source | Interrupt Request Source Register

Timer RC TRCSR TRCIER TRCIC
Synchronous serial SSSR SSER SSulIC
communication unit
I2C bus interface ICSR ICIER lcic
Flash memory RDYSTI RDYSTIE FMRDYIC

BSYAEI BSYAEIE

CMDERIE
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As with other maskable interrupts, the timer RC interrupt, synchronous serial communication unit interrupt, 12C
bus interface interrupt, and flash memory interrupt are controlled by the combination of the | flag, IR bit, bits
ILVLOto ILVLZ2, and IPL. However, since each interrupt source is generated by a combination of multiple
interrupt request sources, the following differences from other maskable interrupts apply:
* When bits in the enable register are set to 1 and the corresponding bits in the status register are set to 1 (interrupt
enabled), the IR bit in the interrupt control register is set to 1 (interrupt requested).
* When either bits in the status register or the corresponding bits in the enable register, or both are set to 0, the IR
bit is set to 0 (no interrupt requested).
That is, even if the interrupt is not acknowledged after the IR bit is set to 1, the interrupt request will not be
retained.
Also, the IR bit isnot set to 0 even if O iswritten to this bit.
* Individual bitsin the status register are not automatically set to 0 even if the interrupt is acknowledged.
The IR bit is aso not automatically set to 0 when the interrupt is acknowledged.
Set individua bits in the status register to 0 in the interrupt routine. Refer to the status register figure for how to
set individual bitsin the status register to 0.

* When multiple bits in the enable register are set to 1 and other request sources are generated after the IR bit is set
to 1, the IR bit remains 1.

* When multiple bits in the enable register are set to 1, use the status register to determine which request source
causes an interrupt.

Refer to chapters of the individual peripheral functions (19. Timer RC, 24. Synchronous Serial Communication

Unit (SSU), 25. 12C bus Interface, and 29. Flash Memory) for the status register and enable register.
For the interrupt control register, refer to 11.3 Interrupt Control.
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11.8 Notes on Interrupts

11.8.1 Reading Address 00000h
Do not read address 00000h by a program. When a maskabl e interrupt request is acknowledged, the CPU reads
interrupt information (interrupt number and interrupt request level) from 00000h in the interrupt sequence. At
thistime, the IR bit for the acknowledged interrupt is set to 0.
If address 00000 is read by a program, the IR bit for the interrupt which has the highest priority among the
enabled interrupts is set to 0. This may cause the interrupt to be canceled, or an unexpected interrupt to be
generated.

11.8.2 SP Setting

Set avalue in the SP before an interrupt is acknowledged. The SP is set to 0000h after areset. If an interrupt is
acknowledged before setting a value in the SP, the program may run out of control.

11.8.3 External Interrupt and Key Input Interrupt

Either the “L” level width or “H" level width shown in the Electrical Characteristics is required for the signal
input to pins INTO, INTZ1, INT3 and pins K10 to K13, regardless of the CPU clock.

For details, refer to Table 31.21 (VCC = 5V), Table 31.27 (VCC = 3V), Table 31.33 (VCC = 2.2V) External
Interrupt INTi (i =0, 1, 3) Input, Key Input Interrupt Kli (i =0to 3).
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11.8.4 Changing Interrupt Sources

The IR bit in the interrupt control register may be set to 1 (interrupt requested) when the interrupt source
changes. To use an interrupt, set the IR bit to 0 (no interrupt requested) after changing interrupt sources.
Changing interrupt sources as referred to here includes all factors that change the source, polarity, or timing of
the interrupt assigned to a software interrupt number. Therefore, if a mode change of a peripheral function
involves the source, polarity, or timing of an interrupt, set the IR bit to O (no interrupt requested) after making
these changes. Refer to the descriptions of the individual peripheral functions for related interrupts.

Figure 11.12 shows a Procedure Example for Changing Interrupt Sources.

( Interrupt source change >

Disable interrupts 3

Change interrupt sources
(including mode of peripheral function)

Set the IR bit to 0 (no interrupt request)
using the MOV instruction @

Enable interrupts ¢ 3

|
< Change completed )

IR bit: The interrupt control register bit for the interrupt whose source is to be changed

Notes:

1. The above settings must be executed individually. Do not execute two or more settings
simultaneously (using one instruction).

2. To prevent interrupt requests from being generated, disable the peripheral function
before changing the interrupt source. In this case, use the | flag if all maskable
interrupts can be disabled.

If all maskable interrupts cannot be disabled, use bits ILVLO to ILVL2 for the interrupt
whose source is to be changed.

3. To change the interrupt source to the input with the digital filter used, wait for three or
more cycles of the sampling clock of the digital filter before setting the IR bit to 0 (no
interrupt request). Refer to 11.8.5 Rewriting Interrupt Control Register for the
instructions to use and related notes.

Figure 11.12 Procedure Example for Changing Interrupt Sources
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11.8.5 Rewriting Interrupt Control Register

(@ The contents of the interrupt control register can be rewritten only while no interrupt requests
corresponding to that register are generated. If an interrupt request may be generated, disable the interrupt
before rewriting the contents of the interrupt control register.

(b) When rewriting the contents of the interrupt control register after disabling the interrupt, be careful to
choose appropriate instructions.
Changing any bit other than the IR bit
If an interrupt request corresponding to the register is generated while executing the instruction, the IR bit
may not be set to 1 (interrupt requested), and the interrupt may be ignored. If this causes a problem, use one
of the following instructions to rewrite the contents of the register: AND, OR, BCLR, and BSET.

Changing the IR bit
Depending on the instruction used, the IR bit may not be set to 0 (no interrupt requested).
Use the MOV instruction to set the IR bit to O.

(c) Whenusing thel flag to disable an interrupt, set the | flag as shown in the sample programs below. Refer to
(b) regarding rewriting the contents of interrupt control registers using the sample programs.

Examples 1 to 3 shows how to prevent the | flag from being set to 1 (interrupts enabled) before the contents of
the interrupt control register are rewritten for the effects of the internal bus and the instruction queue buffer.

Examplel: Usethe NOP instructionsto pause program until theinterrupt control register isrewritten

INT_SWITCH1:
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRAIC register to 00h
NOP ;
NOP
FSET I ; Enable interrupts
Example2: Useadummy read to delay the FSET instruction
INT_SWITCH2:
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRAIC register to 00h
MOV.W MEM,RO ; Dummy read
FSET I ; Enable interrupts
Example3: Usethe POPC instruction to changethel flag
INT_SWITCHS3:
PUSHC FLG
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRAIC register to 00h
POPC FLG ; Enable interrupts
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12. ID Code Areas

The ID code areas are used to implement a function that prevents the flash memory from being rewritten in standard
serial 1/0 mode. This function prevents the flash memory from being read, rewritten, or erased.

12.1 Overview

The ID code areas are assigned to OFFDFh, OFFE3h, OFFEBh, OFFEFh, OFFF3h, OFFF7h, and OFFFBh of the
respective vector highest-order addresses of the fixed vector table. Figure 12.1 showsthe ID Code Areas.

ID code areas

Address :
OFFDFh to OFFDCh \ / IDl\ Undefined instruction vector
OFFE3h to OFFEOh \ \IDZ/ E Overflow vector
OFFE7h to OFFE4h \ E BRK instruction vector
OFFEBh to OFFESh ID3\ | Address match vector
OFFEFh to OFFECh / D4 \ E Single step vector
orerantoorpron | | 1D | | uiiehceg mer nclaton s celoton
OFFF7h to OFFF4h \ ID6 / i Address break vector
OFFFBh to OFFF8h ID7 i (Reserved)
OFFFFh to OFFFCh OFS E Reset vector
S~— R
4 bytes

Figure 12.1 ID Code Areas
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12.2 Functions

The ID code areas are used in standard serial 1/0 mode. Unless 3 bytes (addresses OFFFCh to OFFFEh) of the reset
vector are set to FFFFFFh, the ID codes stored in the ID code areas and the ID codes sent from the serial
programmer or the on-chip debugging emulator are checked to see if they match. If the ID codes match, the
commands sent from the serial programmer or the on-chip debugging emulator are acknowledged. If the ID codes
do not match, the commands are not acknowledged. To use the serial programmer or the on-chip debugging
emulator, first write predetermined 1D codes to the ID code areas.

If 3 bytes (addresses OFFFCh to OFFFE) of the reset vector are set to FFFFFFh, the ID codes are not checked and
all commands are accepted.

The ID code areas are allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.

The character sequence of the ASCII codes “ALeRASE” is the reserved word used for the forced erase function.
The character sequence of the ASCII codes “Protect” is the reserved word used for the standard serial 1/0 mode
disabled function. Table 12.1 showsthe ID Code Reserved Word. The reserved word is a set of reserved characters
when al the addresses and data in the ID code storage addresses sequentially match Table 12.1. When the forced
erase function or standard serial 1/0 mode disabled function is not used, use another character sequence of the

ASCII codes.

Table 12.1  ID Code Reserved Word

ID Code Storage Address ID Code Reserved Word (ASCII) (1)

ALeRASE Protect

OFFDFh ID1 41h (upper-case “A") 50h (upper-case “P")
OFFE3h ID2 4Ch (upper-case “L") 72h (lower-case “r")
OFFEBh ID3 65h (lower-case “e") 6Fh (lower-case “0")
OFFEFh ID4 52h (upper-case “R”) 74h (lower-case “t")
OFFF3h ID5 41h (upper-case “A”) 65h (lower-case “e”)
OFFF7h ID6 53h (upper-case “S”) 63h (lower-case “c”)
OFFFBh ID7 45h (upper-case “E") 74h (lower-case “t")
Note:

1. Reserve word:A set of characters when all the addresses and data in the ID code storage addresses
sequentially match Table 12.1.
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12.3 Forced Erase Function

This function is used in standard serial 1/0 mode. When the ID codes sent from the serial programmer or the on-
chip debugging emulator are“ALeRASE” in ASCII code, the content of the user ROM area will be erased at once.
However, if the contents of the ID code addresses are set to other than “ALeRASE” (other than Table 12.1 1D
Code Reserved Word) when the ROMCR bit in the OFS register is set to 1 and the ROMCP1 bit is set to 0 (ROM
code protect enabled), forced erasure is not executed and the 1D codes are checked with the ID code check function.
Table 12.2 lists the Conditions and Operations of Forced Erase Function.

Also, when the contents of the ID code addresses are set to “ALeRASE” in ASCII code, if the ID codes sent from
the serial programmer or the on-chip debugging emulator are “ALeRASE”, the content of the user ROM area will
be erased. If the ID codes sent from the serial programmer are other than “ALeRASE”, the ID codes do not match
and no command is acknowledged, thus the user ROM area remains protected.

Table 12.2  Conditions and Operations of Forced Erase Function

Condition
ID code from serial . ,
programmer or the ID code in Bits ROMCP1 and Operation
on-chip debugging ID code storage ROMCR
address in OFS register
emulator
ALeRASE ALeRASE - All erasure of user ROM
Other than ALeRASE (1) | Other than 01b area (forced erase function)
(ROM code protect disabled)
01b ID code check
(ROM code protect enabled) | (ID code check function)
Other than ALeRASE |ALeRASE - ID code check
(ID code check function.
No ID code match.)
Other than ALeRASE (1) |- ID code check
(ID code check function)

Note:
1. For “Protect”, refer to 12.4 Standard Serial I/O Mode Disabled Function.

12.4 Standard Serial /O Mode Disabled Function

Thisfunction isused in standard serial 1/0 mode. When the I/D codesin the ID code storage addresses are set to the
reserved character sequence of the ASCII codes “Protect” (refer to Table 12.1 ID Code Reserved Word),
communication with the serial programmer or the on-chip debugging emulator is not performed. This does not
allow the flash memory to be read, rewritten, or erased using the serial programmer or the on-chip debugging
emulator.

Also, if the ID codes are also set to the reserved character sequence of the ASCII codes “Protect” when the
ROMCR bhit in the OFS register is set to 1 and the ROMCPL1 bit is set to 0 (ROM code protect enabled), ROM code
protection cannot be disabled using the serial programmer or the on-chip debugging emulator. This prevents the
flash memory from being read, rewritten, or erased using the serial programmer, the on-chip debugging emulator,
or parallel programmer.
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12.5 Notes on ID Code Areas

12.5.1 Setting Example of ID Code Areas

The ID code areas are alocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program. The following shows a setting example.

* To set 55h in al of the ID code areas
.org OOFFDCH
Jword dummy | (55000000h) ; UND
Jword dummy | (55000000h) ; INTO
Jword dummy ; BREAK
Jword dummy | (55000000h) ; ADDRESS MATCH
Jword dummy | (55000000h) ; SET SINGLE STEP
Jword dummy | (55000000h) ; WDT
Jword dummy | (55000000h) ; ADDRESS BREAK
Jword dummy | (55000000h) ; RESERVE
(Programming formats vary depending on the compiler. Check the compiler manual.)
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13. Option Function Select Area

13.1 Overview
The option function select area is used to select the MCU state after areset, the function to prevent rewriting in
parallel 1/0 mode, or the watchdog timer operation. The reset vector highest-order-address, OFFFFh and OFFDBh,
are assigned as the option function select area. Figure 13.1 shows the Option Function Select Area.

(Option function select area )

Address

Reserved area

]
1
!
]
OFFDBh to OFFD8h :
1
[]
1
]
1

Qﬁﬁ\J//

OFFFFh to OFFFCh E
:

Reset vector

S—

——
4 bytes

Figure 13.1

Option Function Select Area
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13.2 Registers

Registers OFS and OFS2 are used to select the MCU state after a reset, the function to prevent rewriting in parallel
I/0 mode, or the watchdog timer operation.

13.2.1 Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR — WDTON
After Reset User Setting Value (1)

Bit Symbol Bit Name Function R/W

b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | RIW
1: Watchdog timer is stopped after reset

bl — Reserved bit Setto 1. R/W

b2 ROMCR |ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled

b3 ROMCP1 |[ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled

b4 | VDSELO |Voltage detection 0 level select bit (2) [b5b4 RIW

0 0: 3.80 V selected (Vdet0_3)

bS VDSELL 0 1: 2.85 V selected (Vdet0_2) RIW
10: 2.35V selected (VdetO_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit (3) |0: Voltage monitor O reset enabled after reset RIW
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protect mode enabled after reset | R/IW
after reset select bit 1: Count source protect mode disabled after reset
Notes:
1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

2. The same level of the voltage detection 0 level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.

3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to 0 (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 13.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bitsVDSELO and VDSEL 1.
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13.2.2 Option Function Select Register 2 (OFS2)
Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ — | — | — | — |WDTRCSl|WDTRCSO WDTUFS1|WDTUFSO0
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTUFSO [Watchdog timer underflow period set bit b(l)bg 03FFh R/W
bl WDTUFS1 0 1- OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh
b2 WDTRCSO0 |Watchdog timer refresh acknowledgement period bébé o506 R/W
set bit s E970
b3 | WDTRCS1 01 50% R/W
10: 75%
11:100%
b4 — Reserved bits Setto 1. R/W
b5 —
b6 —
b7 —
Note:
1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS2 register. If the block including the OFS2 register is erased, the OFS2 register
is set to FFh.
When blank products are shipped, the OFS2 register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS2 register is the value programmed by the
user.

For a setting example of the OFS2 register, refer to 13.3.1 Setting Example of Option Function Select Area.

Bits WDTRCSO0 and WDTRCS1
(Watchdog Timer Refresh Acknowledgement Period Set Bit)
Assuming that the period from when the watchdog timer starts counting until it underflows is 100%, the refresh

acknowledgement period for the watchdog timer can be selected.
For details, refer to 14.3.1.1 Refresh Acknowledgment Period.
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13.3 Notes on Option Function Select Area

13.3.1 Setting Example of Option Function Select Area

The option function select areais allocated in the flash memory, not in the SFRs. Set appropriate values as
ROM data by a program. The following shows a setting example.

* To set FFhin the OFS register
.org OOFFFCH
Jword reset | (OFFOO0000h)  ; RESET
(Programming formats vary depending on the compiler. Check the compiler manual.)

* To set FFh in the OFS2 register
.org OOFFDBH
.byte OFFh
(Programming formats vary depending on the compiler. Check the compiler manual.)
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14. Watchdog Timer

The watchdog timer is a function that detects when a program is out of control. Use of the watchdog timer is
recommended to improve the reliability of the system.

14.1 Overview

The watchdog timer contains a 14-bit counter and allows selection of count source protection mode enable or
disable.

Table 14.1 lists the Watchdog Timer Specifications.

Refer to 5.5 Watchdog Timer Reset for details of the watchdog timer reset.

Figure 14.1 shows a Watchdog Timer Block Diagram.

Table 14.1  Watchdog Timer Specifications

tem Count Sourcg Protection Mode Count Source Protection Mode
Disabled Enabled
Count source CPU clock Low-speed on-chip oscillator clock
for the watchdog timer
Count operation Decrement
Count start condition Either of the following can be selected:
* After a reset, count starts automatically
* Count starts by writing to the WDTS register
Count stop condition Stop mode, wait mode ‘ None
Watchdog timer * Reset

initialization conditions » Write 00h and then FFh to the WDTR register (with acknowledgement period
setting) )

» Underflow

Operations at underflow | Watchdog timer interrupt Watchdog timer reset
or watchdog timer reset

Selectable functions « Division ratio of the prescaler

Selected by the WDTC?7 bit in the WDTC register or the CMO7 bit in
the CMO register.
» Count source protection mode
Whether count source protection mode is enabled or disabled after a reset
can be selected by the CSPROINI bit in the OFS register (flash memory).
If count source protection mode is disabled after a reset, it can be enabled or
disabled by the CSPRO bit in the CSPR register (program).
« Start or stop of the watchdog timer after a reset
Selected by the WDTON bit in the OFS register (flash memory).
« Initial value of the watchdog timer
Selectable by bits WDTUFS0 and WDTUFS1 in the OFS2 register.
 Refresh acknowledgement period for the watchdog timer
Selectable by bits WDTRCS0 and WDTRCSL1 in the OFS2 register.

Note:
1. Write the WDTR register during the count operation of the watchdog timer.
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Prescaler
CMO07 =0,
WDTC7 =0
1/16
L
,—l CSPRO =0 PM12=0
CPU clock 1/128 o) Watchdog timer
| \(/:vl\lll)(_:?C; 0,l interrupt request
5 Watchdog ti
1/2 0 atchdog timer
L= T} omor=1 @ iz
I— (Note 1) PM12 =1

CSPRO =1 Watchdog
- - timer reset
Low-speed on-chip oscillator

for watchdog timer

Oscillation starts

when CSPRO =1

Internal reset signal {> _D

(“L” active)
Bits WDTRCSO0 and WDTRCS1—— Refresh period
Write to WDTR register control circuit

CSPRO: Bit in CSPR register

WDTCT7: Bit in WDTC register

PM12: Bit in PM1 register

CMO7: Bit in CMO register

WDTUFS0, WDTUFS1, WDTRCS0, WDTRCS1.: Bits in OFS2 register

Note:
1. A value set by bits WDTUFS0 and WDTUFSL1 is set in the watchdog timer (value when shipping: 3FFFh).

Figure 14.1  Watchdog Timer Block Diagram
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14.2 Registers

14.2.1 Processor Mode Register 1 (PM1)
Address 0005h

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympbol| — | — | — | — | — | PMIL2 — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. R/W
bl —
b2 PM12 |WDT interrupt/reset switch bit 0: Watchdog timer interrupt R/W
1: Watchdog timer reset (1)
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 —
b6 —
b7 — Reserved bit [Setto 0. R/W
Note:

1. The PM12 bitis set to 1 when 1 is written by a program (and remains unchanged even if O is written to it).
This bit is automatically set to 1 when the CSPRO bit in the CSPR register is set to 1 (count source protection

mode enabled).

Set the PRCL1 bit in the PRCR register to 1 (write enabled) before rewriting the PM 1 register.

14.2.2 Watchdog Timer Reset Register (WDTR)
Address 000Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — [ — 1 — [ —
After Reset X X X X X X X X
Bit Function R/W
b7 to b0 [Writing 00h and then FFh to this register initializes the watchdog timer. W
The initial value of the watchdog timer is specified by bits WDTUFS0 and WDTUFL1 in the OFS2
register. (1)
Note:
1. Write the WDTR register during the count operation of the watchdog timer.
14.2.3 Watchdog Timer Start Register (WDTS)
Address 000Eh
Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — [ — 1 — [ —
After Reset X X X X X X X X
Bit Function R/W
b7 to b0 | A write instruction to this register starts the watchdog timer. w
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14.2.4 Watchdog Timer Control Register (WDTC)
Address 000Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| WDTC7? | — | — | — | — | — | — —
After Reset 0 0 1 1 1 1 1 1
Bit Symbol Bit Name | Function R/W
b0 — The following bits of the watchdog timer can be read. R
bl — When bits WDTUFS1 to WDTUFSO in the OFS2 register are R
b2 —|00b (03FFh): b5 to b0 R
b3 ——101b (OFFFh): b7 to b2 R
ba — 10b (1FFFh): b8 to b3 R
b5 — 11b (3FFFh): b9 to b4 R
b6 — Reserved bit When read, the content is 0. R
b7 WDTCY7 |Prescaler select bit 0: Divided-by-16 R/W
1: Divided-by-128
14.2.5 Count Source Protection Mode Register (CSPR)
Address 001Ch
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol{CSPRO| — [ — | — | — | — | — | —
After Reset 0 0 0 0 0 0 0 0
The above applies when the CSPROINI bit in the OFS register is set to 1.
After Reset 1 0 0 0 0 0 0 0
The above applies when the CSPROINI bit in the OFS register is set to 0.
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 CSPRO [Count source protection mode select bit (2) |0: Count source protection mode disabled R/W
1: Count source protection mode enabled
Notes:

1. When 0 is written to the CSPROINI bit in the OFS register, the value after reset is 170000000b.
2. To set the CSPRO bit to 1, write 0 and then 1 to it. This bit cannot be set to 0 by a program. Disable interrupts
and DTC activation between writing 0 and writing 1.
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14.2.6 Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR — WDTON
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | R/W
1: Watchdog timer is stopped after reset
bl — Reserved bit Setto 1. R/W
b2 ROMCR |ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled
b3 ROMCP1 |[ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled
i i b5 b4
Eg xgzgtg Voltage detection 0 level select bit (2) 0.0: 3.80 V selected (Vdet0_3) gm
0 1: 2.85V selected (Vdet0_2)
10: 2.35V selected (Vdet0_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit (3) |0: Voltage monitor O reset enabled after reset RIW
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protect mode enabled after reset | R/IW
after reset select bit 1: Count source protect mode disabled after reset
Notes:
1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

2. The same level of the voltage detection O level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.

3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to 0 (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 13.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bits VDSELO and VDSEL 1.
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14.2.7 Option Function Select Register 2 (OFS2)
Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ — | — | — | — |WDTRCSl|WDTRCSO WDTUFS1|WDTUFSO0
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTUFSO [Watchdog timer underflow period set bit b(l)bg 03FFh R/W
bl WDTUFS1 0 1. OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh
b2 WDTRCSO0 |Watchdog timer refresh acknowledgement period bébé o506 R/W
set bit - £970
b3 | WDTRCS1 01 50% R/W
10: 75%
11:100%
b4 — Reserved bits Setto 1. R/W
b5 —
b6 —
b7 —
Note:
1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS2 register. If the block including the OFS2 register is erased, the OFS2 register
is set to FFh.
When blank products are shipped, the OFS2 register is set to FFh. It is set to the written value after written by the
user.

When factory-programming products are shipped, the value of the OFS2 register is the value programmed by the
user.

For a setting example of the OFS2 register, refer to 13.3.1 Setting Example of Option Function Select Area.

Bits WDTRCSO0 and WDTRCS1
(Watchdog Timer Refresh Acknowledgement Period Set Bit)
Assuming that the period from when the watchdog timer starts counting until it underflows is 100%, the refresh

acknowledgement period for the watchdog timer can be selected.
For details, refer to 14.3.1.1 Refresh Acknowledgment Period.
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14.3  Functional Description
14.3.1 Common Items for Multiple Modes

14.3.1.1 Refresh Acknowledgment Period

The period for acknowledging refreshment operation to the watchdog timer (write to the WDTR register) can
be selected by bits WDTRCS0 and WDTRCSL in the OFS2 register. Figure 14.2 shows the Refresh
Acknowledgement Period for Watchdog Timer.

Assuming that the period from when the watchdog timer starts counting until it underflows is 100%, a refresh
operation executed during the refresh acknowledgement period is acknowledged. Any refresh operation
executed during the period other than the above is processed as an incorrect write, and a watchdog timer
interrupt or watchdog timer reset (selectable by the PM 12 bit in the PM 1 register) is generated.

Do not execute any refresh operation while the count operation of the watchdog timer is stopped.

Watchdog timer period
A

r A
Count starts Underflow Refresh acknowledge period
- Refresh can be acknowledged R 100% (WDTRCS1 to WDTRCSO0 = 11b)
Processed as
incorrect write ) Refresh can be acknowledged 75% (WDTRCS1 to WDTRCSO = 10b)
Processed as incorrect write @ Refresh can be acknowledged 50% (WDTRCSL1 to WDTRCSO0 = 01b)
: ; Refresh can be
Processed as incorrect write ) acknowledged 25% (WDTRCS1 to WDTRCSO = 00b)
0% 25% 50% 75% 100% WDTRCSO0, WDTRCS1: Bits in OFS2 register

Note:
1. A watchdog timer interrupt or watchdog timer reset is generated.

Figure 14.2 Refresh Acknowledgement Period for Watchdog Timer
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14.3.2 Count Source Protection Mode Disabled

The count source for the watchdog timer is the CPU clock when count source protection mode is disabled.
Table 14.2 lists the Watchdog Timer Specifications (Count Source Protection Mode Disabled).

Table 14.2  Watchdog Timer Specifications (Count Source Protection Mode Disabled)

ltem Specification
Count source CPU clock
Count operation Decrement
Period Division ratio of prescaler (n) x count value of watchdog timer (m) (1)
CPU clock

n: 16 or 128 (selected by the WDTC?7 bit in the WDTC register), or
2 when selecting the low-speed clock (CMO7 bit in CMO register = 1)
m: Value set by bits WDTUFS0 and WDTUFSL1 in the OFS2 register
Example:
The period is approximately 13.1 ms when:
- The CPU clock frequency is set to 20 MHz.
- The prescaler is divided by 16.
- Bits WDTUFS1 to WDTUFSO are set to 11b (3FFFh).

Watchdog timer * Reset
initialization conditions « Write 00h and then FFh to the WDTR register. (3)
» Underflow
Count start conditions The operation of the watchdog timer after a reset is selected by

the WDTON bit (@) in the OFS register (address OFFFFh).
* When the WDTON bit is set to 1 (watchdog timer is stopped after reset).

The watchdog timer and prescaler are stopped after a reset and

start counting when the WDTS register is written to.

* When the WDTON bit is set to 0 (watchdog timer starts automatically after
reset).

The watchdog timer and prescaler start counting automatically after a reset.
Count stop condition Stop mode, wait mode (Count resumes from the retained value after exiting.)
Operations at underflow |« When the PM12 bit in the PM1 register is set to 0.

Watchdog timer interrupt
* When the PM12 bit in the PM1 register is set to 1.

Watchdog timer reset (refer to 5.5 Watchdog Timer Reset)

Notes:

1. The watchdog timer is initialized when 00h and then FFh is written to the WDTR register. The
prescaler is initialized after a reset. This may cause some errors due to the prescaler during the
watchdog timer period.

2. The WDTON bit cannot be changed by a program. To set this bit, write 0 to bit O of address OFFFFh
with a flash programmer.

3. Write the WDTR register during the count operation of the watchdog timer.
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14.3.3 Count Source Protection Mode Enabled

The count source for the watchdog timer is the low-speed on-chip oscillator clock for the watchdog timer when
count source protection mode is enabled. If the CPU clock stops when a program is out of control, the clock can

still be supplied to the watchdog timer.
Table 14.3 lists the Watchdog Timer Specifications (Count Source Protection Mode Enabled).

Table 14.3  Watchdog Timer Specifications (Count Source Protection Mode Enabled)

Iltem

Specification

Count source

Low-speed on-chip oscillator clock

Count operation

Decrement

Period

Count value of watchdog timer (m)

Low-speed on-chip oscillator clock for the watchdog timer

m: Value set by bits WDTUFS0 and WDTUFSL1 in the OFS2 register
Example:

The period is approximately 8.2 ms when:

- The on-chip oscillator clock for the watchdog timer is set to 125 kHz.
- Bits WDTUFSL1 to WDTUFSO are set to 00b (03FFh).

Watchdog timer
initialization conditions

* Reset
« Write 00h and then FFh to the WDTR register. (3)
» Underflow

Count start conditions

The operation of the watchdog timer after a reset is selected by

the WDTON bit () in the OFS register (address OFFFFh).

* When the WDTON bit is set to 1 (watchdog timer is stopped after reset).
The watchdog timer and prescaler are stopped after a reset and
start counting when the WDTS register is written to.

* When the WDTON bit is set to 0 (watchdog timer starts automatically after
reset).
The watchdog timer and prescaler start counting automatically after a reset.

Count stop condition

None (Count does not stop even in wait mode and stop mode once it starts.)

Operation at underflow

Watchdog timer reset (Refer to 5.5 Watchdog Timer Reset.)

Registers, bits

* When the CSPPRO bit in the CSPR register is set to 1 (count source
protection mode enabled) (2), the following are set automatically:
- The low-speed on-chip oscillator for the watchdog timer is on.
- The PM12 bit in the PM1 register is set to 1 (watchdog timer reset when the
watchdog timer underflows).

Notes:

1. The WDTON bit cannot be changed by a program. To set this bit, write O to bit O of address OFFFFh
with a flash programmer.

2. Even if 0 is written to the CSPROINI bit in the OFS register, the CSPRO bhit is set to 1. The
CSPROINI bit cannot be changed by a program. To set this bit, write O to bit 7 of address OFFFFh
with a flash programmer.

3. Write the WDTR register during the count operation of the watchdog timer.
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15. DTC

The DTC (datatransfer controller) isafunction that transfers data between the SFR and on-chip memory without using
the CPU. This chip incorporates one DTC channel. The DTC is activated by a peripheral function interrupt to perform
datatransfers. The DTC and CPU use the same bus, and the DTC takes priority over the CPU in using the bus.

To control DTC data transfers, control data comprised of a transfer source address, a transfer destination address, and
operating modes are allocated in the DTC control data area. Each time the DTC is activated, the DTC reads control
datato perform data transfers.

15.1 Overview
Table 15.1 shows the DTC Specifications.

Table 15.1  DTC Specifications

Item Specification
Activation sources 21 sources
Allocatable control data 24 sets
Address space which can be transferred 64 Kbytes (00000h to OFFFFh)
Maximum number of transfer | Normal mode | 256 times
times Repeat mode | 255 times
Maximum size of block to be | Normal mode |256 bytes
transferred Repeat mode | 255 bytes
Unit of transfers Byte
Transfer mode Normal mode | Transfers end on completion of the transfer causing the DTCCT]

register value to change from 1 to 0.

Repeat mode | On completion of the transfer causing the DTCCT] register value to
change from 1 to 0, the repeat area address is initialized and the
DTRLD; register value is reloaded to the DTCCT] register to continue
transfers.

Address control Normal mode | Fixed or incremented

Repeat mode | Addresses of the area not selected as the repeat area are fixed or
incremented.

Priority of activation sources Refer to Table 15.5 DTC Activation Sources and DTC Vector
Addresses.

Interrupt request Normal mode |When the data transfer causing the DTCCT] register value to change
from 1 to O is performed, the activation source interrupt request is
generated for the CPU, and interrupt handling is performed on
completion of the data transfer.

Repeat mode |When the data transfer causing the DTCCT] register value to change
from 1 to 0 is performed while the RPTINT bit in the DTCCR;j register
is 1 (interrupt generation enabled), the activation source interrupt
request is generated for the CPU, and interrupt handling is performed
on completion of the transfer.

Transfer start When bits DTCENIO to DTCENI1, DTCENI3 to DTCENI7 in the
DTCENi registers are 1 (activation enabled), data transfer is started
each time the corresponding DTC activation sources are generated.

Transfer stop Normal mode |+ When bits DTCENIO to DTCENi1, DTCENI3 to DTCENI7 are set to
0 (activation disabled).

* When the data transfer causing the DTCCT] register value to
change from 1 to O is completed.

Repeat mode |+ When bits DTCENIO to DTCENi1, DTCENi3 to DTCENI7 are set to
0 (activation disabled).

* When the data transfer causing the DTCCT] register value to
change from 1 to 0 is completed while the RPTINT bit is 1 (interrupt
generation enabled).

i=0to3,5,6,j=0to 23
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DTCENi
(i=0t03,5,6)

DTCTL

DTC activation
request

Peripheral interrupt request

4

Interrupt controller

Peripheral interrupt
request

Control circuit

Internal bus

DTCCR: DTC control register
DTBLS: DTC block size register
DTCCT: DTC transfer count register
DTRLD: DTC transfer count reload register
DTSAR: DTC source address register
DTDAR: DTC destination address register
DTCTL: DTC activation control register
DTCENO to DTCENG:
DTC activation enable registers 0 to 6

functions

RAM

Bus interface |

IS
]
<
S
=
©
o

il

Peripheral bus

Figure 15.1 DTC Block Diagram

15.2 Registers

When the DTC is activated, control data (DTCCRj, DTBLS}, DTCCT]j, DTRLDj, DTSARj, and DTDAR]j,j=0to
23) allocated in the control data areais read, and then transferred to the control registers (DTCCR, DTBLS,
DTCCT, DTRLD, DTSAR, and DTDAR) in the DTC. On completion of the DTC data transfer, the contents of the

DTC control registers are written back to the control data area.

Each DTCCR, DTBLS, DTCCT, DTRLD, DTSAR, and DTDAR register cannot be directly read or written to.
DTCCRj, DTBLSj, DTCCT]j, DTRLDj, DTSAR]j, and DTDAR] are allocated as control data at addresses from
2C40h to 2CFFh in the DTC control data area, and can be directly accessed.

Also, registers DTCTL and DTCENI (i = 0to 3, 5, 6) can be directly accessed.
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15.2.1 DTC Control Register j (DTCCR}j) (j = 0to 23)
Address Refer to Table 15.4 Control Data Allocation Addresses.
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | RPTINT | CHNE | DAMOD | SAMOD | RPTSEL | MODE
After Reset X X X X X X X X
Bit Symbol Bit Name Function R/W
b0 MODE | Transfer mode select bit 0: Normal mode R/W
1: Repeat mode
bl RPTSEL | Repeat area select bit (1) 0: Transfer destination is the repeat area. R/W
1: Transfer source is the repeat area.
b2 | SAMOD | Source address control bit (2) 0: Fixed R/IW
1: Incremented
b3 DAMOD | Destination address control bit (2) 0: Fixed R/W
1: Incremented
b4 CHNE | Chain transfer enable bit (3) 0: Chain transfers disabled R/W
1: Chain transfers enabled
b5 | RPTINT | Repeat mode interrupt enable bit (1) | O: Interrupt generation disabled R/W
1: Interrupt generation enabled
b6 — Reserved bits Setto O. RIW
b7 —
Notes:
1. This bit is valid when the MODE bit is 1 (repeat mode).
2. Settings of bits SAMOD and DAMOD are invalid for the repeat area.
3. Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).
15.2.2 DTC Block Size Register j (DTBLSj) (j = 0to 23)
Address Refer to Table 15.4 Control Data Allocation Addresses.
Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — ] — [ — [ — [ — ] — [ -
After Reset X X X X X X X X
Bit Function Setting Range | R/W
b7 to b0 These bits specify the size of the data block to be transferred by one 00hto FFh @D | RIW
activation.

Note:
1. When the DTBLS register is set to 00h, the block size is 256 bytes.
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15.2.3 DTC Transfer Count Register j (DTCCT,]) (j = 0 to 23)
Address Refer to Table 15.4 Control Data Allocation Addresses.

Bit b7 b6 b5 b4 b3 b2 bl b0

Symoolf — | — [ — [ — | — | — [ — [ —

After Reset X X X X X X X X
Bit Function Setting Range | R/W
b7 to b0 |These bits specify the number of times of DTC data transfers. 00h to FFh @ R/W

Note:

1. When the DTCCT register is set to 00h, the number of transfer times is 256. Each time the DTC is activated, the

DTCCT register is decremented by 1.

15.2.4 DTC Transfer Count Reload Register j (DTRLDj) (j =0 to 23)

Address Refer to Table 15.4 Control Data Allocation Addresses.

Bit b7 b6 b5 b4 b3 b2 bl b0
sympolf — | — | — | — | = | = | = | = ]
After Reset X X X X X X X X
Bit Function Setting Range R/W
b7 to b0 | This register value is reloaded to the DTCCT register in repeat mode. 00h to FFh (O R/W
Note:
1. Set the initial value for the DTCCT register.
15.2.5 DTC Source Address Register j (DTSARj) (j =0to 23)
Address Refer to Table 15.4 Control Data Allocation Addresses.
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf — | — | — | — | = | = | = | = ]
After Reset X X X X X X X X
Bit b15 b14 b13 b12 b1l b10 b9 b8
Sympolf — | — | — | — | = | = | = | = ]
After Reset X X X X X X X X
Bit Function Setting Range R/W
b15to b0 |These bits specify a transfer source address for data transfer. 0000h to FFFFh R/W
15.2.6 DTC Destination Address Register j (DTDARj) (j = 0 to 23)
Address Refer to Table 15.4 Control Data Allocation Addresses.
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf — | — | — | — | = | = | = | = 1]
After Reset X X X X X X X X
Bit b15 b14 b13 b12 bll b10 b9 b8
sympolf — | — | — | — | = | = | = | = ]
After Reset X X X X X X X X
Bit Function Setting Range R/W
b15 to b0 |These bits specify a transfer destination address for data transfer. 0000h to FFFFh R/W
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15.2.7 DTC Activation Enable Register i (DTCENI) (i=0to 3,5, 6)

Address 0088h (DTCENO), 0089h (DTCEN1), 008Ah (DTCEN2), 008Bh (DTCENS3),
008Dh (DTCENS5), 008Eh (DTCENS)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [DTCENi7 | DTCENI6 | DTCENI5 | DTCENi4 | DTCENi3| — | DTCENi1 | DTCENIO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DTCENIO | DTC activation enable bit (1) 0: Activation disabled R/W
b1 DTCENi1 1: Activation enabled R/W
b2 — Reserved bit Set to 0. R/W
b3 DTCENI3 | DTC activation enable bit (1) 0: Activation disabled R/W
b4 DTCENi4 1: Activation enabled R/W
b5 | DTCENI5 R/W
b6 | DTCENI6 R/W
b7 | DTCENI7 R/W
i=01t03,5,6
Note:

1. For the operation of this bit, refer to 15.3.7 Interrupt Sources.

The DTCENI registers enable/disable DTC activation by interrupt sources. Table 15.2 shows Correspondences
between Bits DTCENIiO to DTCENi1, DTCENi3to DTCENI7 (i = 0to 3, 5, 6) and Interrupt Sources.

Table 15.2  Correspondences between Bits DTCENiO to DTCENi1, DTCENi3 to DTCENi7 (i=0to
3, 5, 6) and Interrupt Sources
Register DTCEN:I7 Bit DTCEN:I6 Bit DTCENIS5 Bit DTCENI4 Bit DTCEN:I3 Bit DTCEN:I1 Bit DTCENIO Bit
DTCENO INTO INT1 — INT3 —_ - —
DTCENT | Keyinpu | _ AP | UARTO T UARTO — UART2 | UART2
conversion reception transmission reception transmission
Timer RC Timer RC
SSU/I2C bus SSU/I2C bus B .
DTCEN2 receive data | transmit data Volt_age Volt_age . input-capture/ | input-capture/
full empty monitor 2 monitor 1 compare- compare-
match A match B
Timer RC Timer RC
DTCEN3 input-capture/ | input-capture/ . . . . .
compare- compare-
match C match D
DTCENS — — Timer RE — — — —
DTCEN6 — Timer RA — Timer RB Flash ready — —
status
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15.2.8 DTC Activation Control Register (DTCTL)
Address 0080h

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — [ — | — | — | — | NMF | —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bit Setto 0. R/W
bl NMIF | Non-maskable interrupt generation | 0: Non-maskable interrupts not generated R/W
bit (1) 1: Non-maskable interrupts generated
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 —
b5 —
b6 —
b7 —
Note:

1. This bit is set to 0 when the read result is 1 and 0 is written to the same bit. This bit remains
unchanged even if the read result is 0 and 0 is written to the same bit. This bit remains unchanged if
1 is written to it.

The DTCTL register controls DTC activation when a non-maskable interrupt (an interrupt by the watchdog
timer, oscillation stop detection, voltage monitor 1, or voltage monitor 2) is generated.

NMIF Bit (Non-Maskable Interrupt Generation Bit)

The NMIF bit is set to 1 when a watchdog timer interrupt, an oscillation stop detection interrupt, a voltage
monitor 1 interrupt, or avoltage monitor 2 interrupt is generated.

When the NMIF bit is 1, the DTC is not activated even if the interrupt which enables DTC activation is
generated. If the NMIF bit is changed to 1 during DTC transfer, the transfer is continued until it is completed.

When an interrupt source is the watchdog timer, wait for the following cycles before writing O to the NMIF bit:
If the WDTCY bit in the WDTC register is set to O (divide-by-16 using the prescaler), wait for 16 cycles of the
CPU clock after the interrupt source is generated.

If the WDTCY bit is set to 1 (divide-by-128 using the prescaler), wait for 128 cycles of the CPU clock after the
interrupt source is generated.

When an interrupt source is oscillation stop detection, set to the OCD1 bit in the OCD register to O (oscillation
stop detection interrupt disabled) before writing 0 to the NMIF bit.
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15.3 Function Description

15.3.1 Overview

When the DTC is activated, control datais read from the DTC control data area to perform data transfers and
control data after datatransfer iswritten back to the DTC control dataarea. Twenty-four sets of control datacan
be stored in the DTC control data area, which allows 24 types of data transfers to be performed.

There are two transfer modes: normal mode and repeat mode. When the CHNE bit in the DTCCRj (j = 0to 23)
register is set to 1 (chain transfers enabled), multiple control data is read and data transfers are continuously
performed by one activation source (chain transfers).

A transfer source address is specified by the 16-bit register DTSAR], and a transfer destination address is
specified by the 16-bit register DTDAR]. Thevauesin the registers DTSAR] and DTDAR]j are separately fixed
or incremented according to the control data on completion of the data transfer.

15.3.2 Activation Sources

The DTC is activated by an interrupt source. Figure 15.2 is a Block Diagram Showing Control of DTC

Activation Sources.

Theinterrupt sources to activate the DTC are selected with the DTCENI (i = 0to 3, 5, 6) registers.

The DTC sets 0 (activation disabled) to the corresponding bit among bits DTCENiO to DTCENi1, DTCENi3 to

DTCENI7 in the DTCENI register during operation when the setting of data transfer (the first transfer in chain

transfers) is either of the following:

* Transfer causing the DTCCT] (j = 0 to 23) register value to change to 0 in normal mode

* Transfer causing the DTCCT] register value to change to O while the RPTINT bit in the DTCCR]j register is 1
(interrupt generation enabled) in repeat mode

If the data transfer setting is not either of the above and the activation source is an interrupt source for timer RC

or the flash memory, the DTC sets O to the interrupt source flag corresponding to the activation source during

operation.

Table 15.3 shows the DTC Activation Sources and Interrupt Source Flags for Setting to 0 during DTC

Operation.

If multiple activation sources are simultaneously generated, the DTC activation will be performed according to

the DTC activation source priority.

If multiple activation sources are simultaneously generated on completion of DTC operation, the next transfer

will be performed according to the priority.

DTC activation is not affected by the | flag or interrupt control register, unlike with interrupt request operation.

Therefore, even if interrupt requests cannot be acknowledged because interrupts are disabled, DTC activation

requests can be acknowledged. The IR bit in the interrupt control register does not change even when an

interrupt source to enable DTC activation is generated.

Interrupt controller

Interrupt request

Peripheral interrupt
request -

Peripheral function 1

. DTC activation
Select interrupt source or request
Peripheral function 2 Peripheral interrupt DTC activation source > DTC
(timer RC, request >
flash memory)
A A Select DTC activation or
interrupt generation.
DTCEN:I
_ A Set the bit among bits DTCENIO to DTCENiZ1,
Set the interrupt source flag DTCENi3 to DTCENi7 (i=01t0 3, 5, 6) to 0.
in the status register to 0.

Clear control

Figure 15.2 Block Diagram Showing Control of DTC Activation Sources
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Table 15.3  DTC Activation Sources and Interrupt Source Flags for Setting to 0 during DTC

Operation
DTC activation source generation Interrupt Source Flag for Setting to O
Timer RC input-capture/compare-match A IMFA bit in TRCSR register
Timer RC input-capture/compare-match B IMFB bit in TRCSR register
Timer RC input-capture/compare-match C IMFC bit in TRCSR register
Timer RC input-capture/compare-match D IMFD bit in TRCSR register
Flash ready status RDYSTI bit in FST register
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15.3.3 Control Data Allocation and DTC Vector Table

Control datais allocated in the order: Registers DTCCRj, DTBLSj, DTCCT]j, DTRLDj, DTSARj, and DTDAR]
(j =0to 23). Table 15.4 shows the Control Data Allocation Addresses.

Table 15.4 Control Data Allocation Addresses
DTSAR] | DTSAR] | DTDAR] | DTDAR]
Register | Control Address DTCCRj | DTBLSj | DTCCTj | DTRLDj | Register | Register | Register | Register
Symbol | Data No. Register | Register | Register | Register | (Lower (Higher (Lower (Higher
8 Bits) 8 Bits) 8 Bits) 8 Bits)

pTcpo | Control | 2C40hto |\ oo /o0 | oca1n | 2ca2h | 2c43h | 2c44n | 2c4sh | 2caeh | 2ca7h
Data 0 2CA47h

pTcpy | Control | 2C48hto | oo ja | ocaoh | 2camh | 2c4Bh | 2cach | 2caph | 2c4En | 2caFh
Datal | 2C4Fh

pTcpe | Control | 2C50nto | oopn | oesin | 2c52n | 2053h | 2C54n | 20s5h | 2cs6h | 2C57h
Data2 | 2C57h

pTcpg | Control | 2C58hto | oopgr | ocson | 2c5Ah | 2C5Bh | 205Ch | 2c5Dh | 2C5ER | 2C5Fh
Data3 | 2C5Fh

DTCDg | Control | 2C60hto | ooen | ocean | 2c62n | 2c63h | 2Cean | 2ce5h | 2ce6h | 2C67h
Data4 | 2C67h

prcps | Control | 2C68hto | ooear | oceon | 2ceAh | 2c6Bh | 2c6Ch | 2c6Dh | 2C6Eh | 2C6Fh
Data5 | 2C6Fh

prepe | Control | 2C70nto |\ o0 | oc71n | 2c72h | 2c73h | 2c74n | 2c75h | 2c76h | 2c77h
Data 6 2C77h

pTcpy | Control | 2C78hto | oog | 5c70n | 2c7Ah | 2c7Bh | 2c7ch | 2c7Dh | 2c7Eh | 2c7Fh
Data7 | 2C7Fh

pTcpg | Control | 2C80hto | oan | ocgan | 2c82n | 2c83h | 2csan | 2c8sh | 2cseh | 2cs87h
Data8 | 2C87h

DTcpg | Control | 2C88hto | oag | 5cgon | 2c8Ah | 2c8Bh | 2c8ch | 2c8ph | 2csEn | 2csFh
Data9 | 2C8Fh
Control | 2C90h to

DTCD10 | o0 | ocgmn | 2C90h | 2C91h | 2Ce2h | 2Ce3h | 2Ce4h | 2C95h | 2C96h | 2C97h
Control | 2C98hto

pTep1L | o0 | Socorn | 2C98h | 2C99h | 2C9Ah | 2C9Bh | 2C9Ch | 2C9Dh | 2C9ER | 2C9Fh
Control | 2CAOhto

DTCD12 | S0 | “Soam | 2CAOh | 2CAlh | 2CA2h | 2CA3h | 2CAdh | 2CASh | 2CAGh | 2CATh
Control | 2CA8hto

DTCD13 | o' | Soamn | 2CABh | 2CASh | 2CAAR | 2CABh | 2CACh | 2CADh | 2CAEh | 2CAFh
Control | 2CBOhto

DTCD14 | S0 | “Scgon | 2CBOh | 2CBin | 2CB2h | 2CB3h | 2CB4h | 2CBSh | 2CBGh | 2CB7h
Control | 2CB8hto

DTCD15 | o0 | “Sogen | 2CB8h | 2CBSh | 2CBAh | 2CBBh | 2CBCh | 2CBDh | 2CBEh | 2CBFh
Control | 2CCO0Ohto

DTCD16 | s | “ocomn | 2CCOh | 2CCih | 2cC2h | 2cC3h | 20C4h | 20CSh | 2CC6h | 2CCT7h
Control | 2CC8hto

pTeD17 | o | ©oCom | 2CC8h | 2CCeh | 2CCAh | 2CCBh | 2CCCh | 20CDh | 2CCEh | 2CCFh
Control | 2CDOhto

DTCD18 | o0 | “Sapyn | 2CDOh | 2CDih | 2CD2h | 2CD3h | 2CD4h | 2CDSh | 2CDéh | 2CD7h
Control | 2CD8hto

DTCD19 | o' | “oapmn | 2CD8h | 2CDsh | 2CDAh | 2CDBh | 2CDCh | 2CDDh | 2CDEh | 2CDFh
Control | 2CEOhto

DTCD20 | S0 | “S gy | 2CEOh | 2CElh | 2CE2h | 2CE3h | 2CE4h | 2CESh | 2CEGh | 2CE7h
Control | 2CE8hto

pTCD21 | S0 | “Sogen | 2CE8h | 2CESh | 2CEAN | 2CEBh | 2CECh | 2CEDh | 2CEEh | 2CEFh
Control | 2CFOh to

DTCD22 | S0 | Segrn | 2CFOh | 2CFin | 2CF2h | 2CF3h | 2CF4h | 2CFSh | 2CFéh | 2CF7h
Control | 2CF8hto

DTCD23 | 5 | Sopen | 2CF8h | 2CF9h | 2CFAh | 2CFBh | 2CFCh | 2CFDh | 2CFEh | 2CFFh

j=0to23
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When the DTC is activated, one control datais selected according to the data read from the vector table which
has been assigned to each activation source, and the selected control datais read from the DTC control data

area.

Table 15.5 shows the DTC Activation Sources and DTC Vector Addresses. A one-byte vector table area is
assigned to each activation source and one value from 00000000b to 00010111b (control data numbersin Table
15.4) is stored in each area to select one of the 24 control data sets.
Figures 15.3 to 15.6 show the DTC Internal Operation Flowchart.

Table 15.5 DTC Activation Sources and DTC Vector Addresses
Interrupt Request Source Interrupt Name Source No. DTC Vector Address | Priority
External input INTO 0 2C00h High
INT1 1 2C01h A
(Reserved) 2 2C02h
INT3 3 2C03h
(Reserved) 4 2C04h
Key input Key input 8 2C08h
A/D A/D conversion 9 2C0%h
UARTO UARTO reception 10 2CO0Ah
UARTO transmission 11 2C0Bh
(Reserved) — 12 2C0Ch
— 13 2C0Dh
UART2 UART?2 reception 14 2COEh
UART?2 transmission 15 2COFh
SSU/12C bus Receive data full 16 2C10h
Transmit data empty 17 2C11h
Voltage detection circuit Voltage monitor 2 18 2C12h
Voltage monitor 1 19 2C13h
Timer RC Input-capture/compare-match A 22 2C16h
Input-capture/compare-match B 23 2C17h
Input-capture/compare-match C 24 2C18h
Input-capture/compare-match D 25 2C1%9h
(Reserved) — 26 2C1Ah
— 27 2C1Bh
— 28 2C1Ch
— 29 2C1Dh
— 30 2C1Eh
— 31 2C1Fh
— 32 2C20h
— 33 2C21h
Timer RE Timer RE 42 2C2Ah
Timer RA Timer RA 49 2C31h
Timer RB Timer RB 51 2C33h v
Flash memory Flash ready status 52 2C34h Low
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DTC activation source Branch 1
generation 0 is written to the bit among bits DTCENIO to DTCENiI1, DTCENI3 to DTCENI7 and an interrupt request is
generated when transfer is either of the following:
- Transfer causing the DTCCT] (j = O to 23) register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bit is 1 in repeat mode

éa

DTCENIO to DTCENI1, DTCENI3 to DTCEN:I7: Bits in DTCEN:i (i = 0 to 3, 5, 6) registers
RPTINT, CHNE: Bits in DTCCR registers
NMIF: Bit in DTCTL register

Read DTC vector |

Read control data | Write 0 to the bit among

DTCENIO to DTCEN:I1,
DTCENI3 to DTCENi7

Yes Generate an interrupt request
for the CPU

| Transfer data | | Read control data | | Transfer data | | Read control data |
| Write back control data | | Transfer data | | Write back control data | | Transfer data |
Yes - Yes :
CHNE=1? Write back control data CHNE=1? Write back control data
No No
— e — o
No No
Y
( End ) ( Interrupt handling )

Figure 15.3 DTC Internal Operation Flowchart When DTC Activation Source is not SSU/I2C bus,
Timer RC, or Flash Memory Interrupt Source

generation 0 is written to the bit among bits DTCENIO to DTCENi1, DTCENi3 to DTCENi7 and an interrupt request is
generated when transfer is either of the following:

- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode

- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bit is 1 in repeat mode

[ DTC activation source ) Branch 1

DTCENIO to DTCENI1, DTCENI3 to DTCEN:I7: Bits in DTCEN:i (i = 0 to 3, 5, 6) registers
RPTINT, CHNE: Bits in DTCCR registers
NMIF: Bitin DTCTL register

|

Read DTC vector |

!

Read control data |

o
Write O to the bit among
No ] DTCENIO to DTCENI1,
* DTCENI3 to DTCENi7 —l<7
Write 0 to the interrupt source

| Generate an interrupt request |

flag in the status register | Read control data for the CPU Read control data |
| Transfer data | | Transfer data | | Transfer data | | Transfer data |
| Write back control data | | Write back control data | | Write back control data | | Write back control data |

Yes Yes Yes
CHNE=1? Yes @ CHNE=1? @

No No No No

Y
( End J ( Interrupt handling )

Figure 15.4 DTC Internal Operation Flowchart When DTC Activation Source is Timer RC Interrupt
Source
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(DTC activation source generation) Branch 1
0 is written to the bit among bits DTCENIO to DTCENi1, DTCENi3 to DTCENi7 and an interrupt request is
generated when transfer is either of the following:
- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bit is 1 in repeat mode

|

DTCENIO to DTCENI1, DTCENI3 to DTCEN:I7: Bits in DTCENi (i = 0 to 3, 5, 6) registers
RPTINT, CHNE: Bits in DTCCR; registers
NMIF: Bitin DTCTL register

Read DTC vector | RDRF: Bit in SSSR/ICSR register

' )

Read control data |

Write O to the bit among
DTCENIO to DTCEN:I1,
DTCEN:I3 to DTCENI7

Yes Generate an interrupt request
for the CPU
v I —— } —

~ Transfer data . | Read control data | Transfer data | Read control data
(Reading the receive data register (Reading the receive data register
sets the RDRF bit to 0) @ l does not set the RDRF bit to 0) l

1 Transfer data l Transfer data
(Reading the receive data register - (Reading the receive data register
| sets the RDRF hit to 0) @ Write back control data | does not set the RDRF hit to 0)

. !

Yes

Write back control data

Yes

CHNE=1? | Write back control data | CHNE=1? | Write back control data |
No No
No No

( End ) ( Interrupt handling )

Note:
1. When the DTC activation source is SSU/I?C bus receive data full, the DTC does not set the RDRF bit in the SSSR register/the ICSR register to 0.
Instead, reading the receive data register during DTC data transfer sets the RDRF bit to 0.

Figure 15.5 DTC Internal Operation Flowchart When DTC Activation Source is SSU/I2C bus
Receive Data Full

(DTC activation source generation) Branch 1
0 is written to the bit among bits DTCENIO to DTCENI1, DTCENI3 to DTCENI7 when transfer is either of the
following:
- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bitis 1 in repeat mode

DTCENIO to DTCENI1, DTCEN:I3 to DTCENI7: Bits in DTCEN: (i = 0 to 3, 5, 6) registers
RPTINT, CHNE: Bits in DTCCR; registers

NMIF: Bitin DTCTL register
Read D-ic vector | TDRE: Bit in SSSR/ICSR register

Read control data |

l

Write O to the bit among
Yes DTCENIO to DTCENI1,

DTCEN:I3 to DTCENi7

No —l‘i I e

Transfer data | Read control data | Transfer data | Read control data |
(writing the transmit data register (writing the transmit data register
sets the TDRE bit to 0) © l sets the TDRE bit to 0) l
l Transfer data l Transfer data

Write back control data

(writing the transmit data register - (writing the transmit data register
| sets the TDRE bit to 0) @ | Write back control data | sets the TDRE bit to 0) @

' :

Yes

CHNE=1? | Write back control data | CHNE=1? | Write back control data |
No No
No No

= )

Note:
1. When the DTC activation source is SSU/I?C bus transmit data empty, the DTC does not set the TDRE bit in the SSSR register/the ICSR register to 0.
Instead, writing data to the transmit data register during DTC data transfer sets the TDRE bit to 0.

Figure 15.6 DTC Internal Operation Flowchart When DTC Activation Source is SSU/I2C bus
Transmit Data Empty
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DTC activation source Branch 1
generation 0 is written to the bit among bits DTCENIO to DTCENi1, DTCENi3 to DTCENi7 when transfer is either of the
following:
- Transfer causing the DTCCT] (j = O to 23) register value to change from 1 to 0 in normal mode

— - Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bit is 1 in repeat mode
@ DTCENIO to DTCENI1, DTCEN:I3 to DTCEN:I7: Bits in DTCEN:i (i = 0 to 3, 5, 6) registers
RPTINT, CHNE: Bits in DTCCR registers
NMIF: Bitin DTCTL register

Read DTC vector |

!

Read control data |

T
Write O to the bit among
No — DTCENIO to DTCENiI1,
* DTCENI3 to DTCENi7 —l<7
Write O to the interrupt source Write 0 to the interrupt source

flag in the status register | Read control data | flag in the status register | Read control data |
| Transfer data | | Transfer data | | Transfer data | | Transfer data |
| Write back control data | | Write back control data | | Write back control data | | Write back control data |

Yes Yes Yes

No No No No

= )

Figure 15.7 DTC Internal Operation Flowchart When DTC Activation Source is Flash Ready Status
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15.3.4 Normal Mode

One to 256 bytes of data are transferred by one activation. The number of transfer times can be 1 to 256. When
the data transfer causing the DTCCT]j (j = 0 to 23) register value to change to 0 is performed, an interrupt
reguest for the CPU is generated during DTC operation.
Table 15.6 shows Register Functionsin Normal Mode.
Figure 15.8 shows Data Transfersin Normal Mode.

Table 15.6  Register Functions in Normal Mode
Register Symbol Function
DTC block size register j DTBLSj Size of the data block to be transferred by one activation
DTC transfer count register j DTCCT]j Number of times of data transfers
DTC transfer count reload DTRLDj Not used
register j
DTC source address register j DTSAR]j Data transfer source address
DTC destination address DTDAR]j Data transfer destination address
register j
j=0to 23

Transfer source

Transfer destination

SRC

DST }

Size of the data block to be transferred
by one activation (N bytes)

DTBLSj =N
DTSARj = SRC
DTDAR]j = DST
j=0to 23
Bits b3 to b0 in Source address | Destination address Source address Destination address
DTCCR register control control after transfer after transfer
00X0b Fixed Fixed SRC DST
01X0b Incremented Fixed SRC+N DST
10X0b Fixed Incremented SRC DST+N
11X0b Incremented Incremented SRC+N DST+N
X:0orl

Figure 15.8

Data Transfers in Normal Mode
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15.3.5 Repeat Mode

Oneto 255 bytes of data are transferred by one activation. Either of the transfer source or destination should be
specified as the repeat area. The number of transfer times can be 1 to 255. On completion of the specified
number of transfer times, the DTCCT] (i =0 to 23) register and the address specified for the repeat area are
initialized to continue transfers. When the data transfer causing the DTCCT] register value to changeto 0 is
performed while the RPTINT bit in the DTCCR;j register is 1 (interrupt generation enabled), an interrupt request
for the CPU is generated during DTC operation.
The lower 8 bits of the initial value for the repeat area address must be 00h. The size of data to be transferred
must be set to 255 bytes or less before the specified number of transfer times is completed.

Table 15.7 shows Register Functionsin Repeat Mode.

Figure 15.9 shows Data Transfers in Repeat Mode.

Table 15.7  Register Functions in Repeat Mode
Register Symbol Function
DTC block size register j DTBLSj Size of the data block to be transferred by one activation
DTC transfer count register j DTCCT]j Number of times of data transfers
DTC transfer count reload register j | DTRLD;j This register value is reloaded to the DTCCT register. (Data
transfer count is initialized.)
DTC source address register j DTSAR] Data transfer source address
DTC destination address register j | DTDAR]j Data transfer destination address
j=0to 23
DTCCTj register = 1
Transfer source Transfer destination
SRC DST Size of the data block to be transferred by
Transfer one activation (N bytes)
DTBLSj =N
DTCCTj =1
DTSAR] = SRC
DTDARj = DST
j=0to 23
Bits b3to b0 in | Source address | Destination address Source address Destination address
DTCCR register control control after transfer after transfer
0X11b Repeat area Fixed SRC+N DST
1X11b Repeat area Incremented SRC+N DST+N
X001b Fixed Repeat area SRC DST+N
X101b Incremented Repeat area SRC+N DST+N
X:0orl
DTCCTj register = 1
Repeat area
Address of the repeat area is initialized
SRCO/DSTO after a transfer.
SRC/DST B%'(‘:S}Jj::'\l‘
DTSAR] = SRC
DTDARj = DST
j=0t023
Bits b3to b0 in | Source address | Destination address Source address Destination address
DTCCR register control control after transfer after transfer
0X11b Repeat area Fixed SRCO DST
1X11b Repeat area Incremented SRCO DST+N
X001b Fixed Repeat area SRC DSTO
X101b Incremented Repeat area SRC+N DSTO
SRCO: Initial source address value
DSTO: Initial destination address value
X:0orl
Figure 15.9 Data Transfers in Repeat Mode
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15.3.6 Chain Transfers

When the CHNE bit in the DTCCRj (j = 0 to 22) register is 1 (chain transfers enabled), multiple data transfers
can be continuoudly performed by one activation source. Figure 15.10 shows a Flow of Chain Transfers.

When the DTC is activated, one control datais selected according to the data read from the DTC vector address
corresponding to the activation source, and the selected control data is read from the DTC control data area.
When the CHNE bit for the control datais 1 (chain transfers enabled), the next control data immediately
following the current control datais read and transferred after the current transfer is completed. This operation
is repeated until the data transfer with the control data for which the CHNE bit is O (chain transfers disabled) is
completed.

Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

DTC activation source
generation

A
| Read DTC vector |

A
| Read control data 1 |

DTC control data area

\
Transfer data |

Control data 1 |

CHNE =1
Control data 2 v
CHNE =0 -
| Write back control data 1 |
\
| Read control data 2 |
\
| Data transfer |
\
| Write back control data 2 |
A
CHNE: Bit in DTCCR register | End of DTC transfers |

Figure 15.10 Flow of Chain Transfers

15.3.7 Interrupt Sources

When the data transfer causing the DTCCT] (j = 0 to 23) register value to change to 0 is performed in normal
mode, and when the data transfer causing the DTCCT] register value to change to 0 is performed while the
RPTINT bit in the DTCCR;j register is 1 (interrupt generation enabled) in repeat mode, the interrupt request
corresponding to the activation source is generated for the CPU during DTC operation. However, no interrupt
request is generated for the CPU when the activation source is SSU/I2C bus transmit data empty or flash ready
status.

Interrupt requests for the CPU are affected by the | flag or interrupt control register. In chain transfers, whether
the interrupt request is generated or not is determined either by the number of transfer times specified for the
first type of the transfer or the RPTINT hit. When an interrupt request is generated for the CPU, the bit among
bits DTCENiOto DTCENI1, DTCENi3to DTCENI7 inthe DTCENI (i =0to 3, 5, 6) registers corresponding to
the activation source are set to 0 (activation disabled).
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15.3.8 Operation Timings

The DTC requires five clock cycles to read control data allocated in the DTC control data area. The number of
clock cycles required to write back control data differs depending on the control data settings.

Figure 15.11 shows an Example of DTC Operation Timings and Figure 15.12 shows an Example of DTC
Operation Timingsin Chain Transfers.

Table 15.8 shows the Specifications of Control Data Write-Back Operation.

ooy

CPU clock

Address

s XXX XX X XX XX o Camers

<

» <

»

Read vector

Read control data

>
>4

Transfer data Write back control data

Figure 15.11 Example of DTC Operation Timings

CPU clock

Address

Used by CPU

<>

Read vector

Read control data

e . EEE——

Transfer data Write back control data

Read control data

— >
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Figure 15.12 Example of DTC Operation Timings in Chain Transfers

Table 15.8  Specifications of Control Data Write-Back Operation
Bits b3 to b0 ) Address Control Control Data to be Written Back Number of
. Operating - - - -
in DTCCR Mode Source Destination DTCCT] DTRLDj DTSAR] DTDAR]j Clock
Register Register Register Register Register Cycles
00X0b Fixed Fixed | Written back | Written back | NOtWritten | Not written 1
back back
01X0b Normal Incremented Fixed Written back | Written back | Written back NOL\;Véfen 2
mode Not writt
10X0b Fixed Incremented | Written back | Written back ob\;v;( en Written back 2
11X0b Incremented | Incremented | Written back | Written back | Written back | Written back 3
0X11b Fixed Written back | Written back | Written back Not written 2
Repeat area back
1X11b Repeat Incremented | Written back | Written back | Written back | Written back 3
mode i
X001b Fixed Written back | Written back Not written Written back 2
Repeat area back

X101b Incremented Written back | Written back | Written back | Written back 3

j=0to 23

X:0or1l
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15.3.9 Number of DTC Execution Cycles

Table 15.9 shows the Operations Following DTC Activation and Required Number of Cycles for each
operation.
Table 15.10 shows the Number of Clock Cycles Required for Data Transfers.

Table 15.9  Operations Following DTC Activation and Required Number of Cycles

Vector Read Control Data Data Read Data Write Internal Operation
Read Write-back
1 5 (Note 2) (Note 1) (Note 1) 1
Notes:

1. For the number of clock cycles required for data read/write, refer to Table 15.10 Number of Clock
Cycles Required for Data Transfers.

2. For the number of clock cycles required for control data write-back, refer to Table 15.8
Specifications of Control Data Write-Back Operation.

Dataistransferred as described below, when the DTBLSj (j = 0 to 23) register = N,

(1) When N = 2n (even), two-byte transfers are performed n times.

(2) When N = 2n + 1 (odd), two-byte transfers are performed n times followed by one time of one-byte
transfer.

Table 15.10 Number of Clock Cycles Required for Data Transfers

Internal RAM | SFR SFR
Operation Unit of |(During DTC Transfers)| Internal ROM Ir;%r::/la (Word Access) (SBFtRe (DTC control data area)
P Transfers | Even | Odd | (ProgramROM)| oo o [” Even | Odd ACCZSS) Even | Odd
Address | Address Address | Address Address | Address
1-byte SK1 1 1 2 2 2 1
Data read
2-bytesk2| 1 | 2 2 4 2 | 4 4 1 | 2
| 1-byte SL1 1 — — 2 2 1
Data write
2-byte SL2 THEE — — 2 | 4 4 1 | 2

From Tables 15.9 and 15.10, the total number of required execution cycles can be obtained by the following
formula

Number of required execution cycles=1 + X[formulaA] + 2
>: Sum of the cycles for the number of transfer times performed by one activation source ([the number of
transfer times for which CHNE isset to 1] + 1)

(1) For N =2n (even)
FormulaA =J+neSK2+neSL2
(2) For N =2n+1 (odd)
FormulaA =J+neSK2+1eSK1+neSL2+1+SL1
J: Number of cyclesrequired to read control data (5 cycles) + number of cyclesrequired to write back control data

To read datafrom or write data to the register that to be accessed in 16-bit units, set an even value of 2 or greater
tothe DTBLS) (j = 0to 23) register.
The DTC performs accesses in 16-bit units.
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15.3.10 DTC Activation Source Acknowledgement and Interrupt Source Flags

15.3.10.1 Interrupt Sources Except for Flash Memory, Timer RC, and Synchronous
Serial Communication Unit (SSU)/I2C bus

When the DTC activation source is an interrupt source except for the flash memory, timer RC, or the
synchronous serial communication unit/12C bus, the same DTC activation source cannot be acknowledged for 8
to 12 cycles of the CPU clock after the interrupt source is generated. If an interrupt source is generated when a
software command is executed, the same DTC activation source cannot be acknowledged for 9 to 16 cycles of
the CPU clock. If aDTC activation source is generated during DTC operation and acknowledged, the same
DTC activation source cannot be acknowledged for 8 to 12 cycles of the CPU clock on completion of the DTC
transfer immediately before the DTC is activated by the source. When a software command is executed on
completion of the DTC transfer immediately before the DTC is activated, the same DTC activation source
cannot be acknowledged for 16 cycles of the CPU clock.

15.3.10.2 Flash Memory

When the DTC activation source is flash ready status, even if aflash ready statusinterrupt request is generated,
it is not acknowledged as the DTC activation source after the RDY ST1 hit in the FST register is set to 1 (flash
ready status interrupt request) and before the DTC sets the RDY ST1 bit to O (no flash ready status interrupt
request). If aflash ready status interrupt request is generated after the DTC sets the RDY ST bit to O, the DTC
acknowledges it as the activation source. 8 to 12 cycles of the CPU clock are required after the RDY ST bit is
set to 1 and before the DTC setsthe interrupt request flag to 0. If aflash ready statusinterrupt is generated when
a software command is executed, 9 to 16 cycles of the CPU clock are required before the DTC sets the interrupt
source flag to O. If aflash ready status interrupt request is generated during DTC operation and acknowledged
asthe DTC activation source, the RDY ST bit is set to 0 after 8 to 12 cycles of the CPU clock on completion of
the DTC transfer immediately before the DTC is activated by the source. When a software command is
executed on completion of the DTC transfer immediately before the DTC is activated, the RDY STI bit is set to
0 after 16 cycles of the CPU clock.

15.3.10.3 Timer RC

When the DTC activation source is an interrupt source for timer RC, even if an input capture/compare match
occurs, it is not acknowledged as the DTC activation source after the interrupt source flag is set to 1 and before
the DTC setstheflag to O. If an input capture/compare match occurs after the DTC sets the interrupt source flag
to 0, the DTC acknowledges it as the activation source. 8 to 12 cycles of the CPU clock plus 0.5 to 1.5 cycles of
the timer operating clock are required after the interrupt source flag is set to 1 and before the DTC sets the flag
to O. If the interrupt request flag is set to 1 when a software command is executed, 9 to 16 cycles of the CPU
clock plus 0.5 to 1.5 cycles of the timer operating clock are required before the DTC sets the interrupt source
flag to O. If individual DTC activation sources are generated for timer RC during DTC operation and
acknowledged, the interrupt source flag is set to 0 after 8 to 12 cycles of the CPU clock plus 0.5to 1.5 cycles of
the timer operating clock on completion of the DTC transfer immediately before the DTC is activated by the
source. When a software command is executed on completion of the DTC transfer immediately beforethe DTC
is activated, the interrupt source flag is set to O after 16 cycles of the CPU clock plus 0.5 to 1.5 cycles of the
timer operating clock.
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15.3.10.4 SSU/I2C bus Receive Data Full

When the DTC activation source is SSU/I2C bus receive data full, read the SSRDR register/the ICDRR register
using a data transfer. The RDRF bit in the SSSR register/the ICSR register is set to 0 (no datain
SSRDR/ICDRR register) by reading the SSRDR register/ the ICDRR register. If an interrupt source for receive
datafull is subsequently generated, the DTC acknowledgesit as the activation source.

15.3.10.5 SSU/I2C bus Transmit Data Empty

When the DTC activation source is SSU/I2C bus transmit data empty, write to the SSTDR register/the ICDRT
register using a data transfer. The TDRE bit in the SSSR register/the ICSR register is set to 0 (datais not
transferred from registers SSTDR/ICDRT to SSTRSR/ICDRS) by writing to the SSTDR register/the ICDRT

register. If an interrupt source for transmit data empty is subsequently generated, the DTC acknowledges it as
the activation source.
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15.4 Notes on DTC

15.4.1 DTC activation source

» Do not generate any DTC activation sources before entering wait mode or during wait mode.
» Do not generate any DTC activation sources before entering stop mode or during stop mode.

15.4.2 DTCENI (i=0to 3,5, 6) Registers

* Modify bits DTCENiO to DTCENi1, DTCENi3to DTCENI7 only while an interrupt request corresponding to
the bit is not generated.

* When the interrupt source flag in the status register for the peripheral function is 1, do not modify the
corresponding activation source bit among bits DTCENIO to DTCENi1, DTCENi3 to DTCEN;?7.

* Do not access the DTCENI registersusing DTC transfers.

15.4.3 Peripheral Modules

Do not set the status register bit for the peripheral function to O using aDTC transfer.

» When the DTC activation source is SSU/I2C bus receive data full, read the SSRDR register/the ICDRR
register using aDTC transfer.

The RDRF hit in the SSSR register/the ICSR register is set to 0 (no datain SSRDR/ICDRR register) by
reading the SSRDR register/the ICDRR register.
However, the RDRF bit is not set to 0 by reading the SSRDR register/the ICDRR register when the DTC data
transfer setting is either of the following:
- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCR]j register value to change from 1 to 0 while the RPTINT bit in the DTCCR}j
register is 1 (interrupt generation enabled) in repeat mode.

» When the DTC activation source is SSU/I2C bus transmit data empty, write to the SSTDR register/the ICDRT
register using aDTC transfer. The TDRE bit in the SSSR register/the ICSR register is set to 0 (data is not
transferred from registers SSTDR/ICDRT to SSTRSR/ICDRS) by writing to the SSTDR register/the ICDRT
register.

15.4.4 Interrupt Request

No interrupt is generated for the CPU during DTC operation in any of the following cases:

- When the DTC activation source is SSU/I2C transmit data empty or flash ready status

- When performing the data transfer causing the DTCCT] (j = O to 23) register value to change to 0 in hormal
mode

- When performing the data transfer causing the DTCCR;j register value to change to 0 while the RPTINT bit in
the DTCCR] register is 1 (interrupt generation enabled) in repeat mode
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16. General Overview of Timers

The MCU has two 8-hit timers with 8-bit prescalers, a 16-bit timer, and a timer with a 4-bit counter and an 8-bit
counter. The two 8-bit timers with 8-bit prescalers are timer RA and timer RB. These timers contain areload register to
store the default value of the counter. The 16-bit timers are timer RC, and have input capture and output compare
functions. The 4-bit and 8-bit counters are timer RE, and has an output compare function. All the timers operate
independently.

Table 16.1 lists Functional Comparison of Timers.
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16. General Overview of Timers

Table 16.1  Functional Comparison of Timers
Item Timer RA Timer RB Timer RC Timer RE
Configuration 8-bit timer with 8-bit 8-bit timer with 8-bit 16-bit timer (with input | 4-bit counter
prescaler (with reload | prescaler (with reload | capture and output 8-bit counter
register) register) compare)
Count Decrement Decrement Increment Increment
Count sources o fl o fl o fl o f4
o f2 o 2 o f2 {8
« f8 - f8 e f4 « f32
« fOCO * Timer RA underflow |+ f8 « fC4
« fC32 132
. fC » fOCO40M
» fOCO-F
* TRCCLK
Function | Count of the internal | Timer mode Timer mode Timer mode (output —
count source compare function)
Count of the external | Event counter mode | — Timer mode (output | —
count source compare function)
External pulse width/ | Pulse width — Timer mode (input —
period measurement | measurement mode, capture function;
pulse period 4 pins)
measurement mode
PWM output Pulse output mode (1), | Programmable Timer mode (output | Output compare
Event counter waveform generation | compare function; mode (1)
mode mode 4 pins) (1),
PWM mode (3 pins),
PWM2 mode (1 pin)
One-shot waveform | — Programmable one- | PWM mode (3 pins) —
output shot generation
mode,
Programmable wait
one-shot generation
mode
Three-phase — — — —
waveforms output
Timer Timer mode — — Real-time clock mode
(only fC32 count)
Input pin IRAIO INTO INTO, TRCCLK, —
INT2 TRCTRG, TRCIOA,
TRCIOB, TRCIOC,
TRCIOD
Output pin TRAO TRBO TRCIOA, —
TRAIO TRCIOB, TRCIOC,

TRCIOD

Related interrupt

Timer RA interrupt
INT2 interrupt

Timer RB interrupt,
INTO interrupt

Compare match/input
capture Ato D
interrupt,

Qverflow interrupt,
INTO interrupt

Timer RE interrupt

Timer stop

Provided

Provided

Provided

Provided

Note:

1. Rectangular waves are output in these modes. Since the waves are inverted at each overflow, the “H” and “L” level widths of

the pulses are the same.
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17. Timer RA
Timer RA isan 8-bit timer with an 8-bit prescaler.

17.1 Overview

The prescaler and timer each consist of areload register and counter. The reload register and counter are allocated
at the same address, and can be accessed when accessing registers TRAPRE and TRA (refer to Tables17.2t0 17.6
the Specifications of Each Mode).

The count source for timer RA is the operating clock that regulates the timing of timer operations such as counting
and reloading.

Figure 17.1 shows a Timer RA Block Diagram. Table 17.1 lists Pin Configuration of Timer RA.

Timer RA contains the following five operating modes:

» Timer mode: The timer counts the internal count source.

* Pulse output mode: Thetimer counts the internal count source and outputs pul ses which invert
the polarity by underflow of the timer.

 Event counter mode; The timer counts external pul ses.

* Pulse width measurement mode: The timer measures the pulse width of an external pulse.

* Pulse period measurement mode; The timer measures the pulse period of an external pulse.

TCK2 to TCKO bit
=000b

]% =001b o
foco %%,
= Oll%

f2
fcgp =100b, TMOD2 to TMODO

Data bus

=110b = other than 010b
=20
f° | U U
TIOGl'l to TIOGTO bits Reload Reload
Event input always enabled — otb register register
Do not set———0 o0 TCKCUT bit  TCSTF bit U U Underfiow sinal
Event enabled for “L" period of ——0 e S naerriow signa
TRCIOD (timer RC output) ounter “H ounter “|—4
TMOD?2 to TMODO TR?;SSECQE')“H TRﬁ‘irrﬁgr')Ster Timer RA interrupt
=010b
TIPF1 to TIPFO bits
=01b
- TIPF1 to TIPFO bit
812 0N motherthan TMOD2 to TMODO
f3zllbo Digital 000b =011b or 100b
filter Polarity Count clontrol |
itchi v circle
1 switching L L= Measurement
=000 completion signal
TMOD2 to TMODO = 001b
:I (kb - TOPCR bit TERCS L=t T Toggle
TRAIO pin ® &

A

SN  flipflop CK
Q CLR

\l .
TOENA bit TEDGSEL = 0

) Write to TRAMR register
TRAO pin O Write 1 to TSTOP bit

TCSTF, TSTOP: TRACR register
TEDGSEL, TOPCR, TOENA, TIPF1, TIPFO, TIOGT1, TIOGTO: TRAIOC register
TMOD2 to TMODO, TCK2 to TCKO, TCKCUT: TRAMR register

Note:
1. Bits TRAIOSELO and TRAIOSELL1 in the TRASR register are used to select which pin is assigned.

Figure 17.1  Timer RA Block Diagram

Table 17.1  Pin Configuration of Timer RA

Pin Name Assigned Pin 110 Function
TRAIO P1 50rP1 7 /O Function differs according to the mode.
— - Refer to descriptions of individual modes
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17.2 Registers

17.2.1 Timer RA Control Register (TRACR)
Address 0100h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — [TUNDF | TEDGF | — | TSTOP | TCSTF |TSTART
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TSTART | Timer RA count start bit (1) 0: Count stops R/W
1: Count starts
bl TCSTF | Timer RA count status flag (1) 0: Count stops R

1: During count
b2 TSTOP | Timer RA count forcible stop bit (2) | When this bit is set to 1, the count is forcibly stopped. | R/W
When read, its content is 0.

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 | TEDGF |Active edge judgment flag 3. 4) 0: Active edge not received R/W
1: Active edge received (end of measurement period)

b5 | TUNDF | Timer RA underflow flag 3. 4) 0: No underflow R/W
1: Underflow

b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b7 —

Notes:

1. Referto 17.8 Notes on Timer RA for precautions regarding bits TSTART and TCSTF.

2. When the TSTOP bit is set to 1, bits TSTART and TCSTF and registers TRAPRE and TRA are set to the values
after a reset.

3. Bits TEDGF and TUNDF can be set to 0 by writing O to these bits by a program. However, their value remains
unchanged when 1 is written.

4. Setto 0in timer mode, pulse output mode, and event counter mode.

In pulse width measurement mode and pulse period measurement mode, use the MOV instruction to set the
TRACR register. If it is necessary to avoid changing the values of bits TEDGF and TUNDF, write 1 to them.

17.2.2 Timer RA I/O Control Register (TRAIOC)
Address 0101h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIOGT1 | TIOGTO | TIPF1 | TIPFO | TIOSEL | TOENA | TOPCR | TEDGSEL

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL | TRAIO polarity switch bit Function varies according to the operating mode. | R/W
bl TOPCR | TRAIO output control bit R/W
b2 TOENA | TRAO output enable bit R/W
b3 TIOSEL |Hardware LIN function select bit R/W
b4 TIPFO | TRAIO input filter select bit R/W
b5 TIPF1 R/W
b6 TIOGTO | TRAIO event input control bit R/W
b7 TIOGT1 R/W
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17.2.3 Timer RA Mode Register (TRAMR)
Address 0102h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCKCUT| TCK2 | TCK1 | TCKO | — | TMOD2 | TMOD1 | TMODO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TMODO |Timer RA operating mode select bit b2b1BO R/W
b1 TMODI 00 0: Timer mode RIW
b3 TNIOD2 0 0 1: Pulse output mode RIW
0 1 0: Event counter mode
0 1 1: Pulse width measurement mode
1 0 O: Pulse period measurement mode
10 1: Do not set.
11 0: Do not set.
11 1: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 TCKO |Timer RA count source select bit bg bg 16{ ¢ R/W
b5 | TCKL toa fé RIW
b6 TCK2 010: fOCO RIW
011:f2
100:fC32
10 1: Do not set.
110:fC
11 1: Do not set.
b7 | TCKCUT |Timer RA count source cutoff bit 0: Provides count source R/W
1: Cuts off count source

When both the TSTART and TCSTF hits in the TRACR register are set to 0 (count stops), rewrite this register.

17.2.4 Timer RA Prescaler Register (TRAPRE)
Address 0103h

Bit b7 b6 b5 b4 b3 b2 bl b0
smoo — [ — [ — [ — [ — ] — [ — T — ]
After Reset 1 1 1 1 1 1 1 1 (Note 1)

Bit Mode Function Setting Range R/W
b7 to bO|Timer mode Counts an internal count source 00h to FFh R/W
Pulse output mode 00h to FFh R/W
Event counter mode Counts an external count source 00h to FFh R/W
Pulse width measurement mode |Measure pulse width of input pulses from  |00h to FFh R/W

external (counts internal count source)
Pulse period measurement mode |Measure pulse period of input pulses from |00h to FFh R/W

external (counts internal count source)

Note:

1. When the TSTOP bit in the TRACR register is set to 1, the TRAPRE register is set to FFh.
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17.2.5 Timer RA Register (TRA)
Address 0104h

Bit b7 b6 b5 b4 b3 b2 bl b0
smo[ — [ — [ — [ — [ = [ — [ — [ — ]
After Reset 1 1 1 1 1 1 1 1 (Note 1)
Bit Mode Function Setting Range R/W
b7 to bO|All modes Counts on underflow of TRAPRE register 00h to FFh R/W

Note:
1. When the TSTOP bit in the TRACR register is set to 1, the TRAPRE register is set to FFh.

17.2.6 Timer RA Pin Select Register (TRASR)
Address 0180h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | — | —  |TRAIOSEL1|TRAIOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |[TRAIOSELO|TRAIO pin select bit b(l)bg' TRAIO pin not used R/W
bl |TRAIOSELL 0 1: P1_7 assigned RIW
1 0: P1_5 assigned
1 1: Do not set.
b2 — Reserved bits Setto 0. R/W
b3 —
b4 —
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 —
b7 —

The TRASR register selects which pinis assigned to the timer RA 1/0. To usethe I/O pin for timer RA, set this
register.

Set the TRASR register before setting the timer RA associated registers. Also, do not change the setting value
in thisregister during timer RA operation.
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17.3 Timer Mode

In this mode, the timer counts an internally generated count source (refer to Table 17.2 Timer Mode
Specifications).

Table 17.2  Timer Mode Specifications

Item Specification
Count sources f1, f2, f8, fOCO, fC32, fC
Count operations * Decrement

« When the timer underflows, the contents of the reload register are reloaded
and the count is continued.

Divide ratio 1/(n+1)(m+1)

n: Value set in TRAPRE register, m: Value set in TRA register

Count start condition |1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions |+ 0 (count stops) is written to the TSTART bit in the TRACR register.

1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request When timer RA underflows [timer RA interrupt].

generation timing

TRAIO pin function Programmable I/O port

TRAO pin function Programmable 1/O port
Read from timer The count value can be read by reading registers TRA and TRAPRE.
Write to timer * When registers TRAPRE and TRA are written while the count is stopped,

values are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 17.3.2 Timer Write Control
during Count Operation).

17.3.1 Timer RA I/O Control Register (TRAIOC) in Timer Mode
Address 0101h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TIOGT1 | TIOGTO | TIPF1 | TIPFO | — | TOENA | TOPCR |TEDGSEL

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL | TRAIO polarity switch bit Set to O in timer mode. R/W
bl TOPCR | TRAIO output control bit R/W
b2 TOENA | TRAO output enable bit R/W
b3 — Reserved bit Setto 0. R/W
b4 TIPFO | TRAIO input filter select bit Set to 0 in timer mode. R/W
b5 TIPF1 R/W
b6 TIOGTO |TRAIO event input control bit R/W
b7 TIOGT1 R/W
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17.3.2 Timer Write Control during Count Operation

Timer RA has a prescaler and atimer (which counts the prescaler underflows). The prescaler and timer each
consist of areload register and a counter. When writing to the prescaler or timer, values are written to both the

reload register and counter.

However, values are transferred from the reload register to the counter of the prescaler in synchronization with
the count source. In addition, values are transferred from the reload register to the counter of the timer in
synchronization with prescaler underflows. Therefore, if the prescaler or timer is written to when count
operation isin progress, the counter value is not updated immediately after the WRITE instruction is executed.
Figure 17.2 shows an Operating Example of Timer RA when Counter Value is Rewritten during Count

Operation.

Set 01h to the TRAPRE register and 25h to
the TRA register by a program.

Count source

1
| | |

i After writing, the reload register is
1 written to at the first count source.

L] L

Reload register of

h Previous value
timer RA prescaler

New value (01h)

Reload at
second count
source

Reload at
underflow

Counter of
timer RA prescaler 06h X osh X 0an

01h X 00h

X/

01h

0oh

After writing, the reload register is
written to at the first underflow.

01h X 0oh X 01h X 00h

Reload register of

timer RA Previous value

A

New value

(25h)

Reload at the second underflow

Counter of timer RA 03h

02h X 25h X 24h

IR bit in TRAIC

register 0

The above applies under the following conditions.

The IR bit remains unchanged until underflow is /
generated by a new value.

Both bits TSTART and TCSTF in the TRACR register are set to 1 (during count).

Figure 17.2 Operating Example of Timer RA when Counter Value is Rewritten during Count

Operation
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17.4

Pulse Output Mode

In pulse output mode, the internally generated count source is counted, and a pulse with inverted polarity is
output from the TRAIO pin each time the timer underflows (refer to Table 17.3 Pulse Output Mode

Specifications).

Table 17.3

Pulse Output Mode Specifications

Item

Specification

Count sources

f1, f2, 18, fOCO, fC32, fC

Count operations

* Decrement
* When the timer underflows, the contents in the reload register is reloaded and
the count is continued.

Divide ratio

1/(n+1)(m+1)
n: Value set in TRAPRE register, m: Value set in TRA register

Count start condition

1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions

* 0 (count stops) is written to the TSTART bit in the TRACR register.
1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request
generation timing

When timer RA underflows [timer RA interrupt].

TRAIO pin function

Pulse output, programmable output port

TRAO pin function

Programmable I/O port or inverted output of TRAIO

Read from timer

The count value can be read by reading registers TRA and TRAPRE.

Write to timer

* When registers TRAPRE and TRA are written while the count is stopped, values
are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 17.3.2 Timer Write Control
during Count Operation).

Selectable functions

* TRAIO signal polarity switch function
The level when the pulse output starts is selected by the TEDGSEL bit in the
TRAIOC register. (1)
* TRAO output function
Pulses inverted from the TRAIO output polarity can be output from the TRAO pin
(selectable by the TOENA bit in the TRAIOC register).
« Pulse output stop function
Output from the TRAIO pin is stopped by the TOPCR bit in the TRAIOC register.
* TRAIO pin select function
P1_5 or P1_7 is selected by bits TRAIOSELO to TRAIOSEL1 in the TRASR
register.

Note:

1. The level of the output pulse becomes the level when the pulse output starts when the TRAMR

register is written to.
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17.4.1 Timer RA I/O Control Register (TRAIOC) in Pulse Output Mode
Address 0101h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIOGT1 | TIOGTO | TIPF1 | TIPFO | — | TOENA | TOPCR | TEDGSEL|
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL | TRAIO polarity switch bit 0: TRAIO output starts at “H” R/W
1: TRAIO output starts at “L”
bl TOPCR | TRAIO output control bit 0: TRAIO output R/W
1: TRAIO output disabled
b2 TOENA | TRAO output enable bit 0: TRAO output disabled R/W
1: TRAO output (inverted TRAIO output from the
port)
b3 — Reserved bit Setto 0. R/W
b4 TIPFO | TRAIO input filter select bit Set to 0 in pulse output mode. R/W
b5 TIPF1 R/W
b6 TIOGTO |TRAIO event input control bit R/W
b7 TIOGT1 R/W
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17.5 Event Counter Mode

In event counter mode, external signal inputs to the TRAIO pin are counted (refer to Table 17.4 Event
Counter M ode Specifications).

Table 17.4  Event Counter Mode Specifications

ltem Specification
Count source External signal which is input to TRAIO pin (active edge selectable by a program)
Count operations * Decrement

* When the timer underflows, the contents of the reload register are reloaded and
the count is continued.

Divide ratio 1/(n+1)(m+1)

n: setting value of TRAPRE register, m: setting value of TRA register

Count start condition |1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions |« O (count stops) is written to the TSTART bit in the TRACR register.
1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request When timer RA underflows [timer RA interrupt].
generation timing
TRAIO pin function Count source input

TRAO pin function Programmable 1/0 port or pulse output ()

Read from timer The count value can be read by reading registers TRA and TRAPRE.

Write to timer * When registers TRAPRE and TRA are written while the count is stopped, values
are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 17.3.2 Timer Write Control
during Count Operation).

Selectable functions |« TRAIO input polarity switch function
The active edge of the count source is selected by the TEDGSEL bit in the
TRAIOC register.

« Count source input pin select function
P1 5or P1_7is selected by bits TRAIOSELO to TRAIOSEL1 in the TRASR
register.

« Pulse output function
Pulses of inverted polarity can be output from the TRAO pin each time the timer
underflows (selectable by the TOENA bit in the TRAIOC register). (1)

« Digital filter function
Whether enabling or disabling the digital filter and the sampling frequency is
selected by bits TIPFO and TIPF1 in the TRAIOC register.

« Event input control function
The enabled period for the event input to the TRAIO pin is selected by bits
TIOGTO and TIOGT1 in the TRAIOC register.

Note:
1. The level of the output pulse becomes the level when the pulse output starts when the TRAMR
register is written to.
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17.5.1 Timer RA I/O Control Register (TRAIOC) in Event Counter Mode
Address 0101h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| TIOGT1 | TIOGTO | TIPF1 | TIPFO | — | TOENA | TOPCR |TEDGSEL|
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TEDGSEL | TRAIO polarity switch bit 0: Starts counting at rising edge of the TRAIO input R/W

and TRAO starts output at “L”
1: Starts counting at falling edge of the TRAIO input
and TRAO starts output at “H”

bl TOPCR | TRAIO output control bit Set to O in event counter mode. R/W

b2 TOENA | TRAO output enable bit 0: TRAO output disabled R/W
1: TRAO output

b3 — Reserved bit Setto 0. R/W

b4 TIPFO | TRAIO input filter select bit (1)~ [b5b4 ] RIW

b5 TIPEL 0 O: No filter RIW

0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling

b6 TIOGTO | TRAIO event input control bit b7 b6 . R/W
0 0: Event input always enabled

7 TIOGT1 R
b oG 0 1: Do not set. w
1 0: Event input enabled for “L” period of TRCIOD
(timer RC output)
1 1: Do not set.
Note:

1. When the same value from the TRAIO pin is sampled three times continuously, the input is determined.
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17.6 Pulse Width Measurement Mode

In pulse width measurement mode, the pulse width of an external signal input to the TRAIO pin is measured
(refer to Table 17.5 Pulse Width M easurement M ode Specifications).
Figure 17.3 shows an Operating Example of Pulse Width Measurement Mode.

Table 17.5  Pulse Width Measurement Mode Specifications

Item

Specification

Count sources

f1, 2, 18, fOCO, fC32, fC

Count operations

» Decrement

« Continuously counts the selected signal only when measurement pulse is “H”
level, or conversely only “L” level.

* When the timer underflows, the contents of the reload register are reloaded
and the count is continued.

Count start condition

1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions

« 0 (count stops) is written to the TSTART bit in the TRACR register.
* 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request
generation timing

* When timer RA underflows [timer RA interrupt].
* Rising or falling of the TRAIO input (end of measurement period) [timer RA
interrupt]

TRAIO pin function

Measured pulse input

TRAO pin function

Programmable 1/O port

Read from timer

The count value can be read by reading registers TRA and TRAPRE.

Write to timer

* When registers TRAPRE and TRA are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 17.3.2 Timer Write
Control during Count Operation).

Selectable functions

» Measurement level setting
The “H” level or “L" level period is selected by the TEDGSEL bit in the
TRAIOC register.

» Measured pulse input pin select function
P1_5or P1_7is selected by bits TRAIOSELO to TRAIOSEL1 in the TRASR
register.

» Digital filter function
Whether enabling or disabling the digital filter and the sampling frequency is
selected by bits TIPFO and TIPF1 in the TRAIOC register.
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17.6.1 Timer RA 1/0O Control Register (TRAIOC) in Pulse Width Measurement

Mode
Address 0101h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIOGT1 | TIOGTO | TIPF1 TIPFO — TOENA | TOPCR | TEDGSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL | TRAIO polarity switch bit 0: TRAIO input starts at “L” R/W
1: TRAIO input starts at “H”
bl TOPCR | TRAIO output control bit Set to 0 in pulse width measurement mode. R/W
b2 TOENA | TRAO output enable bit R/W
b3 — Reserved bit Set to 0. R/W
i 1 i b5 b4
Eg I:E:icl) TRAIO input filter select bit (1) 5™, No filter Em
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
b6 TIOGTO | TRAIO event input control bit Set to 0 in pulse width measurement mode. R/W
b7 TIOGT1 R/W

Note:
1. When the same value from the TRAIO pin is sampled three times continuously, the input is determined.
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17.6.2 Operating Example

n = high level: the contents of TRA register, low level: the contents of TRAPRE register

FFFFh
Count start Underflow
—

n
Count stop A I_| < Countstop

>

A
Y

Content of counter (hex)

| N
0000h Count start|_|

Count start

Set to 1 by program

/

Period

TSTART bitin
TRACR register J

Measured pulse
(TRAIO pin input)

Set to 0 when interrupt request is acknowledged, or set by program

IR bitin TRAIC
register

- Set to 0 by program ~

TEDGF bit in ‘r/ %
TRACR register

Set to 0 by program

TUNDF bit in
TRACR register

The above applies under the following conditions.

¢ “H” level width of measured pulse is measured. (TEDGSEL = 1)
¢ TRAPRE = FFh

Figure 17.3 Operating Example of Pulse Width Measurement Mode
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17.7 Pulse Period Measurement Mode

In pulse period measurement mode, the pulse period of an external signal input to the TRAIO pin is measured
(refer to Table 17.6 Pulse Period M easurement M ode Specifications).
Figure 17.4 shows an Operating Example of Pulse Period Measurement Mode.

Table 17.6  Pulse Period Measurement Mode Specifications

ltem Specification
Count sources f1, f2, f8, fOCO, fC32, fC
Count operations * Decrement

* After the active edge of the measured pulse is input, the contents of the read-
out buffer are retained at the first underflow of timer RA prescaler. Then timer
RA reloads the contents in the reload register at the second underflow of
timer RA prescaler and continues counting.

Count start condition 1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions * 0 (count stops) is written to TSTART bit in the TRACR register.
* 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request * When timer RA underflows or reloads [timer RA interrupt].

generation timing * Rising or falling of the TRAIO input (end of measurement period) [timer RA
interrupt]

TRAIO pin function Measured pulse input (1)

TRAO pin function Programmable I/O port

Read from timer The count value can be read by reading registers TRA and TRAPRE.

Write to timer * When registers TRAPRE and TRA are written while the count is stopped,

values are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 17.3.2 Timer Write
Control during Count Operation).

Selectable functions « Measurement period selection
The measurement period of the input pulse is selected by the TEDGSEL in
the TRAIOC register.

» Measured pulse input pin select function
P1 5orP1_7 is selected by bits TRAIOSELO to TRAIOSELL1 in the TRASR
register.

« Digital filter function
Whether enabling or disabling the digital filter and the sampling frequency is
selected by bits TIPFO and TIPF1 in the TRAIOC register.

Note:
1. Input a pulse with a period longer than twice the timer RA prescaler period. Input a pulse with a
longer “H” and “L” width than the timer RA prescaler period. If a pulse with a shorter period is input
to the TRAIO pin, the input may be ignored.
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17.7.1 Timer RA 1/0O Control Register (TRAIOC) in Pulse Period Measurement

Mode
Address 0101h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIOGT1 | TIOGTO | TIPF1 TIPFO — TOENA | TOPCR | TEDGSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL | TRAIO polarity switch bit 0: Measures measurement pulse from one rising R/W
edge to next rising edge
1: Measures measurement pulse from one falling
edge to next falling edge
bl TOPCR | TRAIO output control bit Set to 0 in pulse period measurement mode. R/W
b2 TOENA | TRAO output enable bit R/W
b3 — Reserved bit Setto 0. R/W
b4 TIPFO i i it D b5 b4 R/W
o K TRAIO input filter select bit 00 No filter b
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
b6 TIOGTO | TRAIO event input control bit Set to 0 in pulse period measurement mode. R/W
b7 TIOGT1 R/W

Note:
1. When the same value from the TRAIO pin is sampled three times continuously, the input is determined.
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17.7.2 Operating Example

Underflow signal of
timer RA prescaler

TSTART bitin
TRACR register

Measurement pulse
(TRAIO pin input)

Contents of TRA

Contents of read-out
buffer ®

TEDGF bit in
TRACR register

TUNDF bit in
TRACR register

IR bitin TRAIC
register

Notes:

o o

Y

Setto 1

by program

Count start

OFh | OEh] ODh
J

TRA reloaded

OFh) OEh

Underflow

Retained Retained

FEE===== 1

OFh | OEh 0Dh 0Ah 09h ' { 01h} ooh} oFh|oEn
\ ]
TRA read ©® L
(Note 2) (Note 2)
Set to 0 by program  —— (Note 4)
(Note 6)
Set to 0 by program (Note 5)

Conditions: The period from one rising edge to the next rising edge of the measured pulse is measured (TEDGSEL = 0) with
the default value of the TRA register as OFh.

1. The contents of the read-out buffer can be read by reading the TRA register in pulse period measurement mode.
2. After an active edge of the measured pulse is input, the TEDGF bit in the TRACR register is set to 1 (active edge received) when the
timer RA prescaler underflows for the second time.
3. The TRA register should be read before the next active edge is input after the TEDGF bit is set to 1 (active edge received).
The contents in the read-out buffer are retained until the TRA register is read. If the TRA register is not read before the next active edge
is input, the measured result of the previous period is retained.
4. To set to 0 by a program, use a MOV instruction to write O to the TEDGF bit in the TRACR register. At the same time, write 1 to the
TUNDF bit in the TRACR register.
To set to 0 by a program, use a MOV instruction to write 0 to the TUNDF bit. At the same time, write 1 to the TEDGF bit.
Bits TUNDF and TEDGF are both set to 1 if timer RA underflows and reloads on an active edge simultaneously.

Figure 17.4

Operating Example of Pulse Period Measurement Mode
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17.8 Notes on Timer RA

» Timer RA stops counting after areset. Set the values in the timer RA and timer RA prescalers before the count
starts.

» Even if the prescaler and timer RA are read out in 16-bit units, these registers are read 1 byte at a time by the
MCU. Consequently, the timer value may be updated during the period when these two registers are being read.

* In pulse width measurement mode and pul se period measurement mode, bits TEDGF and TUNDF in the TRACR
register can be set to 0 by writing O to these bits by a program. However, these bits remain unchanged if 1 is
written. When using the READ-MODIFY-WRITE instruction for the TRACR register, the TEDGF or TUNDF
bit may be set to 0 although these bits are set to 1 while the instruction is being executed. In this case, write 1 to
the TEDGF or TUNDF bit which is not supposed to be set to 0 with the MOV instruction.

» When changing to pulse period measurement mode from another mode, the contents of bits TEDGF and TUNDF

are undefined. Write O to bits TEDGF and TUNDF before the count starts.

The TEDGF bit may be set to 1 by the first timer RA prescaler underflow generated after the count starts.

* When using the pulse period measurement mode, leave two or more periods of the timer RA prescaler

immediately after the count starts, then set the TEDGF hit to O.

The TCSTF hit retains O (count stops) for 0 to 1 cycle of the count source after setting the TSTART bit to 1 (count

starts) while the count is stopped.

During this time, do not access registers associated with timer RA (1) other than the TCSTF bit. Timer RA starts

counting at the first valid edge of the count source after the TCSTF bit is set to 1 (during count).

The TCSTF bit remains 1 for 0 to 1 cycle of the count source after setting the TSTART bit to O (count stops)

while the count isin progress. Timer RA counting is stopped when the TCSTF bit is set to 0.

During thistime, do not access registers associated with timer RA (1) other than the TCSTF bit.

Note:
1. Registers associated with timer RA: TRACR, TRAIOC, TRAMR, TRAPRE, and TRA.

When the TRAPRE register is continuously written during count operation (TCSTF bit is set to 1), allow three or
more cycles of the count source clock for each write interval.

When the TRA register is continuously written during count operation (TCSTF bit is set to 1), alow three or
more cycles of the prescaler underflow for each write interval.
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18. Timer RB

Timer RB is an 8-hit timer with an 8-bit prescaler.

18.1 Overview

The prescaler and timer each consist of a reload register and counter (refer to Tables 18.2 to 18.5 the
Specifications of Each Mode). Timer RB hastimer RB primary and timer RB secondary as reload registers.
The count source for timer RB is the operating clock that regulates the timing of timer operations such as counting

and reloading.

Figure 18.1 shows a Timer RB Block Diagram. Table 18.1 lists Pin Configuration of Timer RB.

Timer RB has four operation modes listed as follows:

* Timer mode:

» Programmable waveform generation mode:
» Programmabl e one-shot generation mode:
» Programmable wait one-shot generation mode:

The timer counts an internal count source (peripheral
function clock or timer RA underflows).

The timer outputs pulses of a given width successively.
The timer outputs a one-shot pulse.

The timer outputs a delayed one-shot pulse.

selected to be

Input polarity
edge or both edges

one

I
INTOPL bi

t

q Data bus
U UTRBSC U TRBPR
register register
Reload Reload Reload
) register register register
Bits TCK1 to T_C(I)é(k)) TCKCUT bit U U
f1 = . )
_ Timer RB interrupt
f8 i(l)go Counter  |——] Counter (timer RB) P
Timer RA underflow ﬁo TRBPRE register (Timer)
2 =20 (prescaler) TMOD1. to TMODO bits
=10bor 11b

TSTART bit
TOSSTF bit

INTO interrupt

TSTART, TCSTF: Bits in TRBCR register

TOSSTF: Bitin TRBOCR register

TOPL, TOCNT, INOSTG, INOSEG: Bits in TRBIOC register
TMOD1 to TMODO, TCK1 to TCKO, TCKCUT: Bits in TRBMR regi

ster

oy
|

INOSEG bit INOSTG bit
Bits TMOD1 to TMODO .
=01b, 10b, 11b INTOEN bit TOPL=1
TOCNT =0 o——Q Toggle
. flip-flop  CK|g
TRBO pin O < [e] CLR
O— P1_3 bit in P1 register TOPL=0
TOCNT =1 Write 1 to TSTOP bit

=

Bits TMOD1 to TMODO
=01b, 10b, 11b

Figure 18.1 Timer RB Block Diagram
Table 18.1  Pin Configuration of Timer RB
Pin Name Assigned Pin 110 Function
Pulse output (Programmable waveform
TRBO P13 Output generat!on mode, Programmable ong—shot
generation mode, Programmable wait one-
shot generation mode)
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18.2 Registers
18.2.1 Timer RB Control Register (TRBCR)
Address 0108h
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympbol| — | — | — | — | — | TSTOP | TCSTF |TSTART

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | TSTART | Timer RB count start bit (1) 0: Count stops R/W
1: Count starts

bl TCSTF | Timer RB count status flag (1) 0: Count stops R
1: During count (3

b2 TSTOP |Timer RB count forcible stop bit (1.2) | When this bit is set to 1, the count is forcibly R/W
stopped. When read, the content is O.

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 —

b5 —

b6 —

b7 —

Notes:

1. Referto 18.7 Notes on Timer RB for precautions regarding bits TSTART, TCSTF and TSTOP.

2. When the TSTOP bit is set to 1, registers TRBPRE, TRBSC, TRBPR, and bits TSTART and TCSTF, and the

TOSSTF bit in the TRBOCR register are set to values after a reset.

3. Indicates that count operation is in progress in timer mode or programmable waveform mode. In programmable
one-shot generation mode or programmable wait one-shot generation mode, indicates that a one-shot pulse

trigger has been acknowledged.

18.2.2 Timer RB One-Shot Control Register (TRBOCR)
Address 0109h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | — | TOSSTF | TOSSP | TOSST
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOSST | Timer RB one-shot start bit When this bit is set to 1, one-shot trigger R/W
generated. When read, its content is 0.
bl TOSSP | Timer RB one-shot stop bit When this bit is set to 1, counting of one-shot R/W
pulses (including programmable wait one-shot
pulses) stops. When read, the content is 0.
b2 | TOSSTF | Timer RB one-shot status flag (1) 0: One-shot stopped R
1: One-shot operating (Including wait period)
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 —
b6 —
b7 —
Note:

1. When 1is set to the TSTOP bit in the TRBCR register, the TOSSTF bit is set to 0.

Thisregister is enabled when bits TMOD1 to TMODO in the TRBMR register is set to 10b (programmable one-

shot generation mode) or 11b (programmable wait one-shot generation mode).
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18.2.3 Timer RB I/O Control Register (TRBIOC)
Address 010Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — [INOSEG|INOSTG | TOCNT | TOPL

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL | Timer RB output level select bit Function varies according to the operating mode. | R/W
bl TOCNT | Timer RB output switch bit R/W
b2 INOSTG | One-shot trigger control bit R/W
b3 INOSEG | One-shot trigger polarity select bit R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —

18.2.4 Timer RB Mode Register (TRBMR)
Address 010Bh

Bit b7 b6 b5 b4 b3 b2 b1 bo
SymboI|TCKCUT| — | TCK1 | TCKO | TWRC | — TMOD1 | TMODO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | TMODO |Timer RB operating mode select bit (1) b(l)bgl Timer mode R/W

bl | TMODI1 : RIW

0 1: Programmable waveform generation mode
1 0: Programmable one-shot generation mode
1 1: Programmable wait one-shot generation

mode
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 TWRC | Timer RB write control bit (2) 0: Write to reload register and counter R/W
1: Write to reload register only
b4 TCKO [Timer RB count source select bit (1) bgbé". f R/W
b5 TCK1 01 18 R/W
1 0: Timer RA underflow (3)
11:12
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 | TCKCUT |Timer RB count source cutoff bit (1) 0: Provides count source R/W

1: Cuts off count source

Notes:

1. Change bits TMOD1 and TMODO; TCK1 and TCKO; and TCKCUT when both the TSTART and TCSTF bits in the
TRBCR register set to 0 (count stops).

2. The TWRC bit can be set to either 0 or 1 in timer mode. In programmable waveform generation mode,
programmable one-shot generation mode, or programmable wait one-shot generation mode, the TWRC bit must
be set to 1 (write to reload register only).

3. To use the underflow signal of timer RA as the count source for timer RB, set timer RA in timer mode, pulse
output mode, or event count mode.
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18.2.5 Timer RB Prescaler Register (TRBPRE)
Address 010Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
smool [ — [ — [ — [ — [ — [ — [ — [ -
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to bO|Timer mode Counts an internal count source or 00h to FFh R/W
Programmable waveform generation |timer RA underflows 00h to FFh R/W
mode
Programmable one-shot generation 00h to FFh R/W
mode
Programmable wait one-shot 00h to FFh R/W
generation mode

When the TSTOP bit in the TRBCR register is set to 1, the TRBPRE register is set to FFh.

18.2.6 Timer RB Secondary Register (TRBSC)
Address 010Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
smo[ — [ — [ — [ — [ — [ — 1 — [ —
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to bO|Timer mode Disabled 00h to FFh —
Programmable waveform generation |Counts timer RB prescaler underflows (1) |00h to FFh w (2
mode
Programmable one-shot generation |Disabled 00h to FFh —
mode
Programmable wait one-shot Counts timer RB prescaler underflows  |00h to FFh w ()
generation mode (one-shot width is counted)

Notes:
1. The values of registers TRBPR and TRBSC are reloaded to the counter alternately and counted.

2. The count value can be read out by reading the TRBPR register even when the secondary period is being
counted.

When the TSTOP hit in the TRBCR register is set to 1, the TRBSC register is set to FFh.

To write to the TRBSC register, perform the following steps.

(1) Writethe value to the TRBSC register.

(2) Writethe value to the TRBPR register. (If the value does not change, write the same value second time.)
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18.2.7 Timer RB Primary Register (TRBPR)
Address 010Eh

Bit b7 b6 b5 b4 b3 b2 bl b0
smool [ — [ — [ — [ — [ — [ — [ — [ -
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to bO|Timer mode Counts timer RB prescaler underflows  {00h to FFh R/W
Programmable waveform generation |Counts timer RB prescaler underflows (1) |00h to FFh R/W
mode
Programmable one-shot generation |Counts timer RB prescaler underflows  [00h to FFh R/W
mode (one-shot width is counted)
Programmable wait one-shot Counts timer RB prescaler underflows  |00h to FFh R/W
generation mode (wait period width is counted)
Note:

1. The values of registers TRBPR and TRBSC are reloaded to the counter alternately and counted.

When the TSTOP hit in the TRBCR register is set to 1, the TRBPR register is set to FFh.
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18.3 Timer Mode

In timer mode, a count source which is internally generated or timer RA underflows are counted (refer to Table

18.2 Timer M ode Specifications). Registers TRBOCR and TRBSC are not used in timer mode.

Table 18.2

Timer Mode Specifications

Item

Specification

Count sources

f1, 2, f8, timer RA underflow

Count operations

* Decrement

* When the timer underflows, it reloads the reload register contents before the
count continues (when timer RB underflows, the contents of timer RB primary
reload register is reloaded).

Divide ratio

1/(n+1)(m+1)
n: setting value in TRBPRE register, m: setting value in TRBPR register

Count start condition

1 (count starts) is written to the TSTART bit in the TRBCR register.

Count stop conditions

« 0 (count stops) is written to the TSTART bit in the TRBCR register.
1 (count forcibly stop) is written to the TSTOP bit in the TRBCR register.

Interrupt request
generation timing

When timer RB underflows [timer RB interrupt].

TRBO pin function

Programmable 1/O port

INTO pin function

Programmable I/O port or INTO interrupt input

Read from timer

The count value can be read out by reading registers TRBPR and TRBPRE.

Write to timer

* When registers TRBPRE and TRBPR are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRBPRE and TRBPR are written to while count operation is in
progress:
If the TWRC bit in the TRBMR register is set to 0, the value is written to both
the reload register and the counter.
If the TWRC bit is set to 1, the value is written to the reload register only.
(Refer to 18.3.2 Timer Write Control during Count Operation.)

18.3.1 Timer RB I/O Control Register (TRBIOC) in Timer Mode

Address 010Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | INOSEG | INOSTG | TOCNT | TOPL

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL | Timer RB output level select bit Set to O in timer mode. R/W
bl TOCNT | Timer RB output switch bit R/W
b2 INOSTG | One-shot trigger control bit R/W
b3 INOSEG | One-shot trigger polarity select bit R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
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18.3.2 Timer Write Control during Count Operation

Timer RB has a prescaler and a timer (which counts the prescaler underflows). The prescaler and timer each
consist of areload register and a counter. In timer mode, the TWRC bit in the TRBMR register can be used to
select whether writing to the prescaler or timer during count operation is performed to both the reload register
and counter or only to the reload register.

However, values are transferred from the reload register to the counter of the prescaler in synchronization with
the count source. In addition, values are transferred from the reload register to the counter of the timer in
synchronization with prescaler underflows. Therefore, even if the TWRC bit is set for writing to both the rel oad
register and counter, the counter value is not updated immediately after the WRITE instruction is executed. In
addition, if the TWRC bit is set for writing to the reload register only, the synchronization of the writing will be
shifted if the prescaler value changes. Figure 18.2 shows an Operating Example of Timer RB when Counter
Valueis Rewritten during Count Operation.
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When the TWRC bit is set to O (write to reload register and counter)

Set 01h to the TRBPRE register and 25h to
the TRBPR register by a program.

Count source

|
|

| | |

E After writing, the reload register is
i written with the first count source.
i . .

Reloads register of ;

timer RB prescaler Previous value New value (01h)
Rr’]eload Wi&h Reload on
the secon underflow
count source

. Counter of 06h 05h 04h Y 01h )} 0Oh 01h Y 00Oh } 01h )} 00h { O1h ) OOh
timer RB prescaler

)
After writing, the reload register is

written on the first underflow.
i

Reloads register of

timer RB Previous value New value (25h)
Reload on the "second
underflow !
Counter of timer RB 03h 02h x 25h X 24h
IR bitin TRBIC

register 0 /

The IR bit remains unchanged until underflow
is generated by a new value.

When the TWRC bit is set to 1 (write to reload register only)

Set 01h to the TRBPRE register and 25h to
the TRBPR register by a program.

Count source

After writing, the reload register is
written with the first count source.

Reloads register of -
timer RB prescaler Previous vaIueX New value (01h)
Reload on )
underflow
. Counter of o6h | 0sh § 04h | 03h f 02h Y o1h Y ooh X oih X ooh ) oih ) ooh J oih f ooh X o1h
timer RB prescaler

| |
After writing, the reload register is
written on the first underflow.

i i

Only the prescaler values are updated,
extending the duration until timer RB underflow.

The above applies under the following conditions.
Both bits TSTART and TCSTF in the TRBCR register are set to 1 (During count).

Reloads retiggrl]s;re%cg Previous value X New value (25h)
Reload on
underflow
Counter of timer RB 03h X 02h 01h 00h 25h
IR bitin TRBIC
register
il N
Y »

Figure 18.2 Operating Example of Timer RB when Counter Value is Rewritten during Count

Operation
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18.4 Programmable Waveform Generation Mode
In programmable waveform generation mode, the signal output from the TRBO pin is inverted each time the
counter underflows, while the values in registers TRBPR and TRBSC are counted alternately (refer to Table 18.3
Programmable Waveform Generation Mode Specifications). Counting starts by counting the setting value in the
TRBPR register. The TRBOCR register is unused in this mode.
Figure 18.3 shows an Operating Example of Timer RB in Programmable Waveform Generation Mode.

Table 18.3  Programmable Waveform Generation Mode Specifications

Item Specification
Count sources f1, 2, 8, timer RA underflow
Count operations * Decrement

» When the timer underflows, it reloads the contents of the primary reload and secondary
reload registers alternately before the count continues.

Width and period of Primary period: (n+1)(m+21)/fi

output waveform Secondary period: (n+1)(p+1)/fi

Period: (n+1){(m+1)+(p+1)}/fi

fi: Count source frequency

n: Value set in TRBPRE register, m: Value set in TRBPR register

p: Value set in TRBSC register

Count start condition 1 (count start) is written to the TSTART bit in the TRBCR register.

Count stop conditions 0 (count stop) is written to the TSTART bit in the TRBCR register.
* 1 (count forcibly stop) is written to the TSTOP bit in the TRBCR register.

Interrupt request In half a cycle of the count source, after timer RB underflows during the secondary period
generation timing (at the same time as the TRBO output change) [timer RB interrupt]

TRBO pin function Programmable output port or pulse output

INTO pin function Programmable I/O port or INTO interrupt input

Read from timer The count value can be read out by reading registers TRBPR and TRBPRE (1).

Write to timer » When registers TRBPRE, TRBSC, and TRBPR are written while the count is stopped,

values are written to both the reload register and counter.

* When registers TRBPRE, TRBSC, and TRBPR are written to during count operation,
values are written to the reload registers only. ()

Selectable functions * Output level select function
The output level during primary and secondary periods is selected by the TOPL bit in the
TRBIOC register.

* TRBO pin output switch function
Timer RB pulse output or P1_3 latch output is selected by the TOCNT bit in the TRBIOC

register. @)

Notes:

1. Even when counting the secondary period, the TRBPR register may be read.

2. The set values are reflected in the waveform output beginning with the following primary period after writing to
the TRBPR register.

3. The value written to the TOCNT bit is enabled by the following.
* When counting starts.
« When a timer RB interrupt request is generated.
The contents after the TOCNT bit is changed are reflected from the output of the following primary period.

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 214 of 573



R8C/32C Group 18. Timer RB

18.4.1 Timer RB I/O Control Register (TRBIOC) in Programmable Waveform
Generation Mode

Address 010Ah

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — | — | — — INOSEG | INOSTG | TOCNT | TOPL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL | Timer RB output level select bit 0: Outputs “H” for primary period R/W

Outputs “L” for secondary period

Outputs “L” when the timer is stopped
1: Outputs “L” for primary period

Outputs “H” for secondary period

Outputs “H” when the timer is stopped

bl TOCNT | Timer RB output switch bit 0: Outputs timer RB waveform R/W
1: Outputs value in P1_3 port register

b2 INOSTG | One-shot trigger control bit Set to 0 in programmable waveform generation R/W
b3 INOSEG | One-shot trigger polarity select bit mode. R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —

b6 —

b7 —
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18.4.2 Operating Example

/Set to 1 by program

]
TSTART bit in TRBCR |
register |
|
|
|
Count source | l |

I ] ]
I | |
Timer RB prescaler :
underflow signal |
|
| |
|
1

Timer RB secondary reloads Timer RB primary reloads

/
Counter of timer RB ( 01h X 00h X 02h X 01lh )( 00h X 01h X 00h X 02h )

| I
Set to 0 when interrupt
| p!
request is acknowledged,
| or set by program.

|
|
|
IR bit in TRBIC :
T
|

|

|

|
| I
register | |
] 1 I
| | |
/ Set to 0 by program | | I
TOPL bitin TRBIO : : : :
register . | | }
T T T T
) | | |

Waveform .

output starts Waveform output inverted Waveform output starts |
|

TRBO pin output

Primary period Secondary period | Primary period
<—>

Initial output is the same level ‘ > < > | -

as during secondary period. | |

The above applies under the following conditions.

TRBPRE = 01h, TRBPR = 01h, TRBSC = 02h
TRBIOC register TOCNT = 0 (timer RB waveform is output from the TRBO pin)

Figure 18.3 Operating Example of Timer RB in Programmable Waveform Generation Mode
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18.5 Programmable One-shot Generation Mode

In programmabl e one-shot generation mode, a one-shot pulse is output from the TRBO pin by a program or an
external trigger input (input to the INTO pin) (refer to Table 18.4 Programmable One-Shot Generation M ode
Specifications). When atrigger is generated, the timer starts operating from the point only once for a given period
equal to the set value in the TRBPR register. The TRBSC register is not used in this mode.
Figure 18.4 shows an Operating Example of Programmable One-Shot Generation Mode.

Table 18.4  Programmable One-Shot Generation Mode Specifications

Item

Specification

Count sources

f1, 2, f8, timer RA underflow

Count operations

* Decrement the setting value in the TRBPR register

* When the timer underflows, it reloads the contents of the reload register before
the count completes and the TOSSTF bit is set to 0 (one-shot stops).

* When the count stops, the timer reloads the contents of the reload register
before it stops.

One-shot pulse
output time

(n+1)(m+21)/i
fi: Count source frequency,
n: Setting value in TRBPRE register, m: Setting value in TRBPR register

Count start conditions

* The TSTART bit in the TRBCR register is set to 1 (count starts) and the next
trigger is generated

* Set the TOSST bit in the TRBOCR register to 1 (one-shot starts)

« Input trigger to the INTO pin

Count stop conditions

* When reloading completes after timer RB underflows during primary period

* When the TOSSP bit in the TRBOCR register is set to 1 (one-shot stops)
*When the TSTART bit in the TRBCR register is set to 0 (stops counting)
*When the TSTOP bit in the TRBCR register is set to 1 (forcibly stops counting)

Interrupt request
generation timing

In half a cycle of the count source, after the timer underflows (at the same time as
the TRBO output ends) [timer RB interrupt]

TRBO pin function

Pulse output

INTO pin functions

* When the INOSTG bit in the TRBIOC register is set to O (INTO one-shot trigger
disabled): programmable I/O port or INTO interrupt input

* When the INOSTG bit in the TRBIOC register is set to 1 (INTO one-shot trigger
enabled): external trigger (INTO interrupt input)

Read from timer

The count value can be read out by reading registers TRBPR and TRBPRE.

Write to timer

* When registers TRBPRE and TRBPR are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRBPRE and TRBPR are written during the count, values are
written to the reload register only (the data is transferred to the counter at the
following reload) (1),

Selectable functions

< Output level select function
The output level of the one-shot pulse waveform is selected by the TOPL bit in
the TRBIOC register.

« One-shot trigger select function
Refer to 18.5.3 One-Shot Trigger Selection.

Note:

1. The set value is reflected at the following one-shot pulse after writing to the TRBPR register.
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18.5.1 Timer RB I/O Control Register (TRBIOC) in Programmable One-Shot
Generation Mode

Address 010Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — — INOSEG | INOSTG | TOCNT | TOPL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL | Timer RB output level select bit 0: Outputs one-shot pulse “H” R/W
Outputs “L” when the timer is stopped
1: Outputs one-shot pulse “L”
Outputs “H” when the timer is stopped
bl TOCNT | Timer RB output switch bit Set to 0 in programmable one-shot generation R/W
mode.
b2 | INOSTG | One-shot trigger control bit (1) 0: INTO pin one-shot trigger disabled RIW
1: INTO pin one-shot trigger enabled
b3 | INOSEG | One-shot trigger polarity select bit (1) |0O: Falling edge trigger R/W
1: Rising edge trigger
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
Note:

1. Referto 18.5.3 One-Shot Trigger Selection.
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18.5.2 Operating Example

TSTART bitin TRBCR
register

TOSSTF bitin TRBOCR
register

INTO pin input

Count source

Timer RB prescaler
underflow signal

Counter of timer RB

IR bitin TRBIC
register

TOPL bitin
TRBIOC register

Set to 1 by program

Set to 1 by setting 1
to TOSST bit in y

Set to 0 when
counting ends

A

TRBOCR register

:
|
a

Set to 1 by INTO pin
input trigger

A

-

1
Count starts

Timer RB primary reloads

v

Count starts

10

Timer RB primary reloads

v
N

TRBIO pin output

Waveform output starts  Waveform output ends

L

A

The above applies under the following conditions.

TRBPRE = 01h, TRBPR =01h

TRBIOC register TOPL =0, TOCNT =0
INOSTG = 1 (INTO one-shot trigger enabled)
INOSEG =1 (edge trigger at rising edge)

Waveform output starts  Waveform output ends

i

01lh X 00h 01lh
| |
| Set to 0 when intelrrupt request is |
| acknowledged, or set by program

| |
| |
: |
| |
Set to 0 by program , |
_ 7 |
|
]
|

/

y

Figure 18.4

Operating Example of Programmable One-Shot Generation Mode
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18.5.3 One-Shot Trigger Selection

In programmabl e one-shot generation mode and programmable wait one-shot generation mode, operation starts
when a one-shot trigger is generated while the TCSTF bit in the TRBCR register is set to 1 (count starts).

A one-shot trigger can be generated by either of the following causes:

* Liswritten to the TOSST bit in the TRBOCR register by a program.

* Trigger input from the INTO pin.

When a one-shot trigger occurs, the TOSSTF bit in the TRBOCR register is set to 1 (one-shot operation in
progress) after one or two cycles of the count source have elapsed. Then, in programmable one-shot generation
mode, count operation begins and one-shot waveform output starts. (In programmable wait one-shot generation
mode, count operation starts for the wait period.) If a one-shot trigger occurs while the TOSSTF bit is set to 1,
no retriggering occurs.

To use trigger input from the INTO pin, input the trigger after making the following settings:

* Set the PD4_5 bit in the PD4 register to O (input port).

» Select the INTO digital filter with bits INTOF1 and INTOFO in the INTF register.

« Select both edges or one edge with the INTOPL bit in INTEN register. If one edge is selected, further select
falling or rising edge with the INOSEG bit in TRBIOC register.

 Set the INTOEN bit in the INTEN register to 1 (enabled). -

 After completing the above, set the INOSTG bit in the TRBIOC register to 1 (INTO pin one-shot trigger
enabled).

Note the following points with regard to generating interrupt requests by trigger input from the INTO pin.

* Processing to handle the interruptsis required. Refer to 11. Interrupts, for details.

« If one edge is selected, use the POL bit in the INTOIC register to select falling or rising edge. (The INOSEG
bit in the TRBIOC register does not affect INTO interrupts).

« If aone-shot trigger occurs while the TOSSTF bit is set to 1, timer RB operation is not affected, but the value
of the IR bit in the INTOIC register changes.
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18.6 Programmable Wait One-Shot Generation Mode

In programmable wait one-shot generation mode, a one-shot pulse is output from the TRBO pin by aprogram or an
external trigger input (input to the INTO pin) (refer to Table 18.5 Programmable Wait One-Shot Generation Mode
Specifications). When atrigger is generated from that point, the timer outputs a pulse only once for a given length
of time equal to the setting value in the TRBSC register after waiting for a given length of time equal to the setting
value in the TRBPR register.

Figure 18.5 shows an Operating Example of Programmable Wait One-Shot Generation Mode.

Table 18.5 Programmable Wait One-Shot Generation Mode Specifications

Item Specification
Count sources f1, f2, f8, timer RA underflow
Count operations « Decrement the timer RB primary setting value.

* When a count of the timer RB primary underflows, the timer reloads the contents of
timer RB secondary before the count continues.

* When a count of the timer RB secondary underflows, the timer reloads the contents
of timer RB primary before the count completes and the TOSSTF bit is set to O
(one-shot stops).

* When the count stops, the timer reloads the contents of the reload register before it
stops.

Wait time (n+1)(m+1)/fi

fi: Count source frequency

n: Value set in the TRBPRE register, m Value set in the TRBPR register

One-shot pulse output time (n+1)(p+1)/fi

fi: Count source frequency

n: Value set in the TRBPRE register, p: Value set in the TRBSC register

Count start conditions * The TSTART bit in the TRBCR register is set to 1 (count starts) and the next trigger
is generated.

* Set the TOSST bit in the TRBOCR register to 1 (one-shot starts).

« Input trigger to the INTO pin

Count stop conditions « When reloading completes after timer RB underflows during secondary period.

« When the TOSSP bit in the TRBOCR register is set to 1 (one-shot stops).

* When the TSTART bit in the TRBCR register is set to 0 (starts counting).

* When the TSTOP bit in the TRBCR register is set to 1 (forcibly stops counting).

Interrupt request generation In half a cycle of the count source after timer RB underflows during secondary period

timing (complete at the same time as waveform output from the TRBO pin) [timer RB
interrupt].

TRBO pin function Pulse output

INTO pin functions * When the INOSTG bit in the TRBIOC register is set to 0 (INTO one-shot trigger

disabled): programmable 1/O port or INTO interrupt input

* When the INOSTG bit in the TRBIOC register is set to 1 (INTO one-shot trigger
enabled): external trigger (INTO interrupt input)

Read from timer The count value can be read out by reading registers TRBPR and TRBPRE.

Write to timer * When registers TRBPRE, TRBSC, and TRBPR are written while the count stops,
values are written to both the reload register and counter.

* When registers TRBPRE, TRBSC, and TRBPR are written to during count
operation, values are written to the reload registers only. ()

Selectable functions * Output level select function
The output level of the one-shot pulse waveform is selected by the TOPL bit in the
TRBIOC register.

« One-shot trigger select function
Refer to 18.5.3 One-Shot Trigger Selection.

Note:
1. The set value is reflected at the following one-shot pulse after writing to registers TRBSC and TRBPR.
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18.6.1 Timer RB I/O Control Register (TRBIOC) in Programmable Wait One-Shot

Generation Mode
Address 010Ah

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — | — | — — INOSEG | INOSTG | TOCNT | TOPL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL | Timer RB output level select bit 0: Outputs one-shot pulse “H” R/W
Outputs “L” when the timer stops or during wait
1: Outputs one-shot pulse “L”
Outputs “H” when the timer stops or during wait
bl TOCNT | Timer RB output switch bit Set to 0 in programmable wait one-shot generation | R/W
mode.
b2 | INOSTG | One-shot trigger control bit (1) 0: INTO pin one-shot trigger disabled RIW
1: INTO pin one-shot trigger enabled
b3 | INOSEG | One-shot trigger polarity select bit (1) | O: Falling edge trigger R/W

1: Rising edge trigger

b4 —
b5 —
b6 —
b7 —

Nothing is assigned. If necessary, set to 0. When read, the content is 0.

Note:
1. Referto 18.5.3 One-Shot Trigger Selection.
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18.6.2 Operating Example

TSTART bitin TRBCR
register

TOSSTF bitin TRBOCR
register

INTO pin input

Count source

Timer RB prescaler
underflow signal

Counter of timer RB

IR bit in TRBIC
register

TOPL bitin
TRBIOC register

TRBIO pin output

Set to 1 by program

y

|
Set to 1 by setting 1 to TOSST bit in TRBOCR
7/, register, or INTO pin inplut trigger.

Set to 0 when
counting ends

:
|
N

1T 1N N7

Count starts Timer RB secondary reloads Timer RB primary reloads
( 01h X 00h X 04h X 03h X 02h X 01h X 00h X 01h )
| ] |
! ! Set to 0 when interrupt request is |
| : acknowledged, or set by program.
|
| |
1 |
t +
| | |
Set to 0 by program | |

< | | |
| | |
| ] |
| | |

Wait starts Waveform output starts Waveform output ends

—

y

l J

The above applies under the following conditions.

TRBPRE = 01h, TRBPR = 01h, TRBSC = 04h
INOSTG = 1 (INTO one-shot trigger enabled)
INOSEG = 1 (edge trigger at rising edge)

Wait
primary period)

e

One-shot pulse
(secondary period)

[
|
I
i<

VI‘

v

Figure 18.5

Operating Example of Programmable Wait One-Shot Generation Mode
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18.7 Notes on Timer RB

* Timer RB stops counting after a reset. Set the values in the timer RB and timer RB prescalers before the count
starts.

* Evenif the prescaler and timer RB isread out in 16-bit units, these registers are read 1 byte at atime by the MCU.
Consequently, the timer value may be updated during the period when these two registers are being read.

* |n programmabl e one-shot generation mode and programmable wait one-shot generation mode, when setting the

TSTART bit in the TRBCR register to 0 (stops counting) or setting the TOSSP hit in the TRBOCR register to 1

(stops one-shot), the timer reloads the value of reload register and stops. Therefore, in programmable one-shot

generation mode and programmable wait one-shot generation mode, read the timer count value before the timer

stops.

The TCSTF hit remains 0 (count stops) for 1 to 2 cycles of the count source after setting the TSTART bit to 1

(count starts) while the count is stopped.

During this time, do not access registers associated with timer RB (1 other than the TCSTF bit. Timer RB starts

counting at the first valid edge of the count source after the TCSTF bit is set to 1 (during count).

The TCSTF bit remains 1 for 1 to 2 cycles of the count source after setting the TSTART hit to 0 (count stops)

while the count isin progress. Timer RB counting is stopped when the TCSTF bit isset to 0.

During thistime, do not access registers associated with timer RB (1) other than the TCSTF bit.

Note:
1. Registers associated with timer RB: TRBCR, TRBOCR, TRBIOC, TRBMR, TRBPRE, TRBSC, and
TRBPR.

If the TSTOP hit in the TRBCR register is set to 1 during timer operation, timer RB stopsimmediately.

If 1iswritten to the TOSST or TOSSP bit in the TRBOCR register, the value of the TOSSTF bit changes after
one or two cycles of the count source have elapsed. If the TOSSP bit is written to 1 during the period between
when the TOSST bit iswritten to 1 and when the TOSSTF bit is set to 1, the TOSSTF bit may be set to either O or
1 depending on the content state. Likewise, if the TOSST bit is written to 1 during the period between when the
TOSSP bit iswritten to 1 and when the TOSSTF hit is set to 0, the TOSSTF bit may be set to either O or 1.

* To use the underflow signal of timer RA as the count source for timer RB, set timer RA in timer mode, pulse
output mode, or event count mode.

18.7.1 Timer Mode
To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to
1), note the following points:
* When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
write interval.
* When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.
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18.7.2 Programmable Waveform Generation Mode
To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to
1), note the following points:

* When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

* When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow for
each write interval.

18.7.3 Programmable One-shot Generation Mode
To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to
1), note the following points:

* \When the TRBPRE register iswritten continuously during count operation (TCSTF bit is set to 1), allow three
or more cycles of the count source for each write interval.

* When the TRBPR register is written continuously during count operation (TCSTF bit is set to 1), allow three
or more cycles of the prescaler underflow for each write interval.

18.7.4 Programmable Wait One-shot Generation Mode
To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to
1), note the following points:
* When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
write interval.
* When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.
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19. Timer RC
Timer RC is a 16-hit timer with four 1/0O pins.

19.1 Overview

Timer RC uses either f1, fOCO40M or fOCO-F as its operation clock. Table 19.1 lists the Timer RC Operation
Clock.

Table 19.1  Timer RC Operation Clock

Condition Timer RC Operation Clock
Count source is f1, 2, f4, 18, f32, or TRCCLK input (bits TCK2 to TCKO in | f1
TRCCRL1 register are set to a value from 000b to 101b)
Count source is fOCO40M (bits TCK2 to TCKO in TRCCR1 register are set |fOCO40M
to 110b)
Count source is fOCO-F (bits TCK2 to TCKO in TRCCRL1 register are setto |fOCO-F
111b)

Table 19.2 lists the Pin Configuration of Timer RC, and Figure 19.1 shows a Timer RC Block Diagram.
Timer RC has three modes.
* Timer mode
- Input capture function The counter value is captured to aregister, using an external signal as the trigger.
- Output compare function Matches between the counter and register values are detected. (Pin output state
changes when a match is detected.)
The following two modes use the output compare function.
* PWM mode Pulses of a given width are output continuously.
* PWM2 mode A one-shot waveform or PWM waveform is output following the trigger after the
wait time has elapsed.

Input capture function, output compare function, and PWM mode settings may be specified independently for each
pin.
In PWM2 mode waveforms are output based on a combination of the counter or the register.
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f1, f2, f4, 18, 32,
fOCO40M, fOCO-F

~ |

=)[ TRCMR register |—»
<:>| TRCCRL1 register |—>
(=) TRCIER register |—» . O INTO
(m)[ TRCSR register  |—#» igfgti?rﬁte <«++—) TRCCLK
<:>| TRCIORO register |—> [t >O TRCIOA/TRCTRG
((==)[ TRCIORL register |— ‘ o <«—»(0) TRCIOB
() Trcegse > Timer RC control circuit () TrRel0C
§<:>| TRCGRA register |—p» <¢—() TRCIOD
8 <:>| TRCGRB register |—>
((=)[ TRCGRC register |—»
<:>| TRCGRD register |—>
<:>| TRCCR2 register |—>
(=) TRCDF register }J |, Timer RCinterrupt
((=)[ TRCOER register request
(=) TRCADCR register
Jd
Figure 19.1  Timer RC Block Diagram
Table 19.2  Pin Configuration of Timer RC
Pin Name Assigned Pin I/O Function
TRCIOA P11 I/O Function differs according to the mode. Refer
TRCIOB P12 to descriptions of individual modes for details
TRCIOC P1 30rP3 4
TRCIOD P1 0orP3_5
TRCCLK P1 40rP3_3 Input External clock input
TRCTRG P11 Input PWM2 mode external trigger input
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19.2 Registers
Table 19.3 lists the Registers Associated with Timer RC.

Table 19.3  Registers Associated with Timer RC
Mode

Timer
Address | Symbol Input Output Related Information

PWM | PWM2
Capture | Compare
Function | Function
0008h [MSTCR |Valid Valid Valid Valid 19.2.1 Module Standby Control Register (MSTCR)
0120h |[TRCMR |Valid Valid Valid Valid 19.2.2 Timer RC Mode Register (TRCMR)
0121h |TRCCR1 |Valid Valid Valid Valid Timer RC control register 1
19.2.3 Timer RC Control Register 1 (TRCCR1)
19.5.1 Timer RC Control Register 1 (TRCCRL1) for
Output Compare Function
19.6.1 Timer RC Control Register 1 (TRCCR1) in
PWM Mode
19.7.1 Timer RC Control Register 1 (TRCCR1) in
PWM2 Mode

0122h |TRCIER |Valid Valid Valid Valid 19.2.4 Timer RC Interrupt Enable Register (TRCIER)
0123h |[TRCSR |Valid Valid Valid Valid 19.2.5 Timer RC Status Register (TRCSR)

0124h |TRCIORO | Valid Valid - - Timer RC 1/O control register 0, timer RC 1/O control
register 1
19.2.6 Timer RC I/O Control Register 0 (TRCIORO)
19.2.7 Timer RC I/O Control Register 1 (TRCIOR1)
19.4.1 Timer RC I/O Control Register 0 (TRCIORO)
for Input Capture Function
19.4.2 Timer RC I/O Control Register 1 (TRCIOR1)
for Input Capture Function
19.5.2 Timer RC I/O Control Register 0 (TRCIORO)
for Output Compare Function
19.5.3 Timer RC I/O Control Register 1 (TRCIOR1)
for Output Compare Function

0125h | TRCIOR1

0126h |[TRC Valid Valid Valid Valid 19.2.8 Timer RC Counter (TRC)

0127h

0128h |TRCGRA |Valid Valid Valid Valid 19.2.9 Timer RC General Registers A, B, C, and D

0129h (TRCGRA, TRCGRB, TRCGRC, TRCGRD)

012Ah |TRCGRB

012Bh

012Ch |TRCGRC

012Dh

012Eh |TRCGRD

012Fh

0130h |[TRCCR2 |- Valid Valid Valid 19.2.10 Timer RC Control Register 2 (TRCCR2)

0131h |TRCDF |Valid - - Valid 19.2.11 Timer RC Digital Filter Function Select
Register (TRCDF)

0132h |TRCOER |- Valid Valid Valid 19.2.12 Timer RC Output Master Enable Register
(TRCOER)

0133h |TRCADCR|- Valid Valid Valid 19.2.13 Timer RC Trigger Control Register
(TRCADCR)

0181h |TRBRCSR| Valid Valid Valid Valid 19.2.14 Timer RC Pin Select Register (TRBRCSR)

0182h |TRCPSRO | Valid Valid Valid Valid 19.2.15 Timer RC Pin Select Register 0 (TRCPSRO)

0183h |TRCPSR1 | Valid Valid Valid Valid 19.2.16 Timer RC Pin Select Register 1 (TRCPSR1)

—: Invalid
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19.2.1 Module Standby Control Register (MSTCR)
Address 0008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — |MSTTRC | MSTTRD| MSTIIC | — | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl —
b2 —
b3 MSTIIC |SSU, I2C bus standby bit 0: Active R/W
1: Standby )
b4 |MSTTRD |Power consumption reduce bit Set to 1. R/W
The power consumption can be reduced.
b5 |MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby (@
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —
Notes:

1. When the MSTIIC bit is set to 1 (standby), any access to the SSU or the 12C bus associated registers (addresses
0193h to 019Dh) is disabled.

2. When the MSTTRC bit is set to 1 (standby), any access to the timer RC associated registers (addresses 0120h
to 0133h) is disabled.

19.2.2 Timer RC Mode Register (TRCMR)
Address 0120h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TSTART | — | BFD | BFC | PWM2 | PWMD | PWMC | PWMB

After Reset 0 1 0 0 1 0 0 0

Bit Symbol Bit Name Function R/W

b0 PWMB | PWM mode of TRCIOB select bit (1) 0: Timer mode RIW
1: PWM mode

bl PWMC | PWM mode of TRCIOC select bit (1) 0: Timer mode RIW
1: PWM mode

b2 PWMD | PWM mode of TRCIOD select bit (1) 0: Timer mode R/W
1: PWM mode

b3 PWM2 | PWM2 mode select bit 0: PWM 2 mode R/W
1: Timer mode or PWM mode

b4 BFC | TRCGRC register function select bit (2) |0: General register RIW
1: Buffer register of TRCGRA register

b5 BFD | TRCGRD register function select bit 0: General register R/W
1: Buffer register of TRCGRB register

b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

b7 | TSTART | TRC count start bit 0: Count stops R/W
1: Count starts

Notes:

1. These bits are enabled when the PWM2 bit is set to 1 (timer mode or PWM mode).
2. Set the BFC bit to 0 (general register) in PWM2 mode.

For notes on PWM2 mode, refer to 19.9.6 TRCMR Register in PWM 2 Mode.
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19.2.3 Timer RC Control Register 1 (TRCCR1)
Address 0121h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CCLR | TCK2 | TCK1 | TCKO | TOD | TOC TOB TOA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOA |TRCIOA output level select bit (1) |Function varies according to the operating mode R/W
bl TOB |TRCIOB output level select bit @ | (function). RIW
b2 TOC |TRCIOC output level select bit (1) RIW
b3 TOD |TRCIOD output level select bit (1) RIW
b4 TCKO |Count source select bit (1) bg tg '8‘. f R/W
b5 TCK1 00 1j f R/W
b6 TCK2 010:f4 R/W
011:f8
100:32
10 1: TRCCLK input rising edge
11 0: fOCO40M
111:fOCO-F @
b7 CCLR |TRC counter clear select bit 0: Disable clear (free-running operation) R/W
1: Clear TRC counter by input capture or by compare
match in TRCGRA
Notes:
1. Set to these bits when the TSTART bit in the TRCMR register is set to 0 (count stops).
2. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.
19.2.4 Timer RC Interrupt Enable Register (TRCIER)
Address 0122h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVIE | — [ — | — | IMED | IMIEC | IMIEB | IMIEA
After Reset 0 1 1 1 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IMIEA | Input capture / compare match interrupt | O: Disable interrupt (IMIA) by the IMFA bit R/W
enable bit A 1: Enable interrupt (IMIA) by the IMFA bit
bl IMIEB | Input capture / compare match interrupt | O: Disable interrupt (IMIB) by the IMFB bit R/W
enable bit B 1: Enable interrupt (IMIB) by the IMFB bit
b2 IMIEC | Input capture / compare match interrupt | 0: Disable interrupt (IMIC) by the IMFC bit R/W
enable bit C 1: Enable interrupt (IMIC) by the IMFC bit
b3 IMIED | Input capture / compare match interrupt | 0: Disable interrupt (IMID) by the IMFD bit R/W
enable bit D 1: Enable interrupt (IMID) by the IMFD bit
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 —
b6 —
b7 OVIE |Overflow interrupt enable bit 0: Disable interrupt (OVI) by the OVF bit R/W
1: Enable interrupt (OVI) by the OVF bit
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19.2.5 Timer RC Status Register (TRCSR)
Address 0123h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVF | — | — | — | IMFD | IMFC IMFB | IMFA |
After Reset 0 1 1 1 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IMFA | Input capture / compare match flag A | [Source for setting this bit to 0] R/W
bl IMFB | Input capture / compare match flag B | Write O after read (1), R/W
b2 IMFC [ Input capture / compare match flag C | [Source for setting this bit to 1] RIW
b3 IMFD | Input capture / compare match flag D | Refer to Table 19.4 Source for Setting Bit of  ["R/W
Each Flag to 1.
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 —
b6 —
b7 OVF | Overflow flag [Source for setting this bit to 0] R/W
Write O after read ().
[Source for setting this bit to 1]
Refer to Table 19.4 Source for Setting Bit of
Each Flag to 1.
Note:

1. The writing results are as follows:
This bit is set to 0 when the read result is 1 and 0 is written to the same bit.
This bit remains unchanged even if the read result is 0 and O is written to the same bit. (This bit remains 1 even
if it is set to 1 from O after reading, and writing 0.)
This bit remains unchanged if 1 is written to it.

Table 19.4  Source for Setting Bit of Each Flag to 1

. Timer Mode
Bit Symbol - - PWM Mode PWM2 Mode
Input capture Function Output Compare Function
IMFA TRCIOA pin input edge (1) | When the values of the registers TRC and TRCGRA match.
IMFB TRCIOB pin input edge (1) | When the values of the registers TRC and TRCGRB match.
IMFC TRCIOC pin input edge ) | When the values of the registers TRC and TRCGRC match. ()
IMFD TRCIOD pin input edge ) | When the values of the registers TRC and TRCGRD match. (2)
OVF When the TRC register overflows.
Notes:
1. Edge selected by bits 10j1 to I0jO (j = A, B, C, or D).
2. Includes the condition that bits BFC and BFD are set to 1 (buffer registers of registers TRCGRA and TRCGRB).
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19.2.6 Timer RC I/O Control Register 0 (TRCIORO)
Address 0124h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | I0OB2 | IOB1 | IOBO | I0A3 | I0A2 | I0AL IOAO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOA0 |TRCGRA control bit Function varies according to the operating mode R/W
bl I0OA1 (function). R/IW
b2 IOA2 | TRCGRA mode select bit (1) 0: Output compare function R/W
1: Input capture function
b3 IOA3 |TRCGRA input capture input switch |0: fOC0O128 signal R/W
bit (3 1: TRCIOA pin input
b4 IOBO |TRCGRB control bit Function varies according to the operating mode R/W
b5 10B1 (function). RIW
b6 IOB2 | TRCGRB mode select bit () 0: Output compare function R/W
1: Input capture function
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the

TRCIORL1 register to the same value as the I0A2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the I10D2 bit in the

TRCIORL1 register to the same value as the 10B2 bit in the TRCIORO register.
3. The IOA3 bit is enabled when the IOA2 bit is set to 1 (input capture function).

The TRCIORO register is enabled in timer mode. It is disabled in modes PWM and PWM2.

19.2.7 Timer RC I/O Control Register 1 (TRCIOR1)
Address 0125h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| 10D3 | 10D2 | 10Dl | 10D0O | IOC3 | 10C2 | IOC1 I0CO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOCO |TRCGRC control bit Function varies according to the operating mode R/W
bl I0C1 (function). R/W
b2 I0OC2 |TRCGRC mode select bit (1) 0: Output compare function R/W
1: Input capture function
b3 IOC3 |TRCGRC register function select bit  {0: TRCIOA output register R/W
1: General register or buffer register
b4 IOD0 |TRCGRD control bit Function varies according to the operating mode R/W
b5 IOD1 (function). RIW
b6 IOD2 | TRCGRD mode select bit (2) 0: Output compare function R/W
1: Input capture function
b7 IOD3 |TRCGRD register function select bit  {0: TRCIOB output register R/W
1: General register or buffer register

Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the

TRCIORL1 register to the same value as the I0A2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the

TRCIORL1 register to the same value as the 10B2 bit in the TRCIORO register.

The TRCIORL register is enabled in timer mode. It is disabled in modes PWM and PWM2.
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19.2.8 Timer RC Counter (TRC)
Address 0127h to 0126h

Bit b7 b6 b5 b4 b3 b2 bl b0

symbol[ — | — | — | — — — — —

After Reset 0 0 0 0 0 0 0 0

Bit b15 b14 b13 b12 b1l b10 b9 b8

Symbol — — — — — — — —

After Reset 0 0 0 0 0 0 0 0
Bit Function Setting Range R/W
b15 to b0 |Count a count source. Count operation is incremented. 0000h to FFFFh R/W

When an overflow occurs, the OVF bit in the TRCSR register is set to 1.

Access the TRC register in 16-bit units. Do not accessit in 8-bit units.

19.2.9 Timer RC General Registers A, B, C, and D (TRCGRA, TRCGRB, TRCGRC,
TRCGRD)

Address 0129h to 0128h (TRCGRA), 012Bh to 012Ah (TRCGRB), 012Dh to 012Ch (TRCGRC),
012Fh to 012Eh (TRCGRD)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symolf — | — [ — | = | = [ = | = [ — |

After Reset 1 1 1 1 1 1 1 1

Bit  bl5 b14 b13 b12 b1l b10 b9 b8

Symbol — — — — — — — —

After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b15 to b0 |Function varies according to the operating mode. R/W

Access registers TRCGRA to TRCGRD in 16-bit units. Do not access them in 8-bit units.
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19.2.10 Timer RC Control Register 2 (TRCCR?2)
Address 0130h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL | — | — | POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB [|PWM mode output level control 0: TRCIOB output level selected as “L” active R/W
bit B 1: TRCIOB output level selected as “H” active
bl POLC [PWM mode output level control 0: TRCIOC output level selected as “L” active R/W
bit C (1) 1: TRCIOC output level selected as “H” active
b2 POLD [PWM mode output level control 0: TRCIOD output level selected as “L” active R/W
bit D (1) 1: TRCIOD output level selected as “H” active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit (2) 0: Count continues at compare match with the R/W
TRCGRA register
1: Count stops at compare match with the TRCGRA
register
b6 TCEGO i it (@  |b7b6 R/W
TRCTRG input edge select bit 0 0: Disable the trigger input from the TRCTRG pin
b7 TCEG1 i R/W
0 1: Rising edge selected
1 0: Falling edge selected
1 1: Both edges selected
Notes:
1. Enabled when in PWM mode.

2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to

3.

19.9.6 TRCMR Register in PWM2 Mode.
Enabled when in PWM2 mode.

19.2.11 Timer RC Digital Filter Function Select Register (TRCDF)
Address 0131h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | DFCK1 | DFCKO | — | DFTRG | DFD | DFC | DFB | DFA |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DFA  |TRCIOA pin digital filter function select bit (1) {0: Function is not used R/W
bl DFB |TRCIOB pin digital filter function select bit (@ |1: Function is used RIW
b2 DFC | TRCIOC pin digital filter function select bit (1) R/W
b3 DFD |TRCIOD pin digital filter function select bit () R/IW
b4 DFTRG |TRCTRG pin digital filter function select bit (2) RIW
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 DFCKO |Clock select bits for digital filter function (. 2) bébg: 32 R/W
b7 DFCK1 01 f8 R/W
10:f1
1 1: Count source (clock selected by bits
TCK2 to TCKO in the TRCCR1
register)
Notes:

1. These bits are enabled for the input capture function.
2. These bits are enabled when in PWM2 mode and bits TCEG1 to TCEGO in the TRCCR2 register are set to 01b,
10b, or 11b (TRCTRG trigger input enabled).
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19.2.12 Timer RC Output Master Enable Register (TRCOER)
Address 0132h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PTO | — | — | — | ED | EC | EB | EA
After Reset 0 1 1 1 1 1 1 1
Bit Symbol Bit Name Function R/W
b0 EA  |TRCIOA output disable bit (1) 0: Enable output RIW

1: Disable output (The TRCIOA pin is used as a
programmable 1/O port.)

bl EB  |TRCIOB output disable bit (1) 0: Enable output RIW

1: Disable output (The TRCIOB pin is used as a
programmable I/O port.)

b2 EC |TRCIOC output disable bit (1) 0: Enable output RIW

1: Disable output (The TRCIOC pin is used as a
programmable I/O port.)

b3 ED |TRCIOD output disable bit () 0: Enable output RIW

1: Disable output (The TRCIOD pin is used as a
programmable 1/O port.)

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

b5 —

b6 —

b7 PTO |INTO of pulse output forced cutoff 0: Pulse output forced cutoff input disabled R/W
signal input enabled bit 1: Pulse output forced cutoff input enabled

(Bits EA, EB, EC, and ED are set to 1 (disable
output) when “L” is applied to the INTO pin)

Note:
1. These bits are disabled for input pins set to the input capture function.

19.2.13 Timer RC Trigger Control Register (TRCADCR)
Address 0133h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — |ADTRGDE|ADTRGCE|ADTRGBE|ADTRGAE
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |ADTRGAE |A/D trigger A enable bit 0: A/D trigger disabled R/W

1: A/D trigger generated at compare match with
registers TRC and TRCGRA

bl |ADTRGBE |A/D trigger B enable hit 0: A/D trigger disabled R/W

1: A/D trigger generated at compare match with
registers TRC and TRCGRB

b2 |ADTRGCE |A/D trigger C enable bit 0: A/D trigger disabled R/W

1: A/D trigger generated at compare match with
registers TRC and TRCGRC

b3 |ADTRGDE |A/D trigger D enable bit 0: A/D trigger disabled R/W

1: A/D trigger generated at compare match with
registers TRC and TRCGRD

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b5 —

b6 —

b7 —
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19.2.14 Timer RC Pin Select Register (TRBRCSR)
Address 0181h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — |TRCCLKSEL1|TRCCLKSELO| — | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 |TRCCLKSELO|TRCCLK pin select bit bS5 b4 R/W

0 0: TRCCLK pin not used

b5 |TRCCLKSEL1 01: P1_4 assigned R/W
1 0: P3_3 assigned
1 1: Do not set.

b6 — Reserved bit Set to 0. R/W

b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRBRCSR register selects which pin is assigned to the timer RC 1/O. To use the 1/O pin for timer RC, set
this register.

Set bits TRCCLKSELO and TRCCLKSEL1 before setting the timer RC associated registers. Also, do not
change the setting values of bits TRCCLKSELO and TRCCLKSEL 1 during timer RC operation.
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19.2.15 Timer RC Pin Select Register 0 (TRCPSRO)
Address 0182h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — |TRCIOBSELO| — | — | — [TRCIOASELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | TRCIOASELO [TRCIOA/TRCTRG pin select bit 0: TRCIOA/TRCTRG pin not used R/W
1: P1_1 assigned

bl — Reserved bits Setto 0. R/W

b2 —

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 | TRCIOBSELO | TRCIOB pin select bit 0: TRCIOB pin not used R/W
1: P1_2 assigned

b5 — Reserved bits Setto 0. R/W

b6 —

b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRCPSRO register selects which pin is assigned to the timer RC I/O. To use the 1/O pin for timer RC, set
this register.

Set the TRCPSRO register before setting the timer RC associated registers. Also, do not change the setting value
in this register during timer RC operation.

19.2.16 Timer RC Pin Select Register 1 (TRCPSR1)
Address 0183h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |TRCIODSEL1|TRCIODSELO| — | —  |TRCIOCSEL1|TRCIOCSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TRCIOCSELO |TRCIOC pin select bit b(l)bg TRCIOC bi A q R/W
: pin not use
bl |TRCIOCSEL1 01: P1_3 assigned R/W
1 0: P3_4 assigned
1 1: Do not set.
b2 — Reserved bit Set to O. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 | TRCIODSELO |[TRCIOD pin select bit bébé TRCIOD b t used R/W
: pin not use
b5 |TRCIODSEL1 01: P1_0 assigned R/W
1 0: P3_5 assigned
1 1: Do not set.
b6 — Reserved bit Set to 0. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRCPSR1 register selects which pin is assigned to the timer RC I/O. To use the 1/O pin for timer RC, set
this register.

Set the TRCPSRL register before setting the timer RC associated registers. Also, do not change the setting value
in this register during timer RC operation.
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19.3 Common Items for Multiple Modes

19.3.1 Count Source

The method of selecting the count source is common to all modes.
Table 19.5 lists the Count Source Selection, and Figure 19.2 shows a Count Source Block Diagram.

Table 19.5 Count Source Selection

Count Source Selection Method
f1, 2, f4, 8, 32 Count source selected using bits TCK2 to TCKO in TRCCR1 register
fOCO40M FRAOO bit in FRAO register set to 1 (high-speed on-chip oscillator on)
fOCO-F Bits TCK2 to TCKO in TRCCR1 register are set to 110b (fOCO40M)

Bits TCK2 to TCKO in TRCCRL1 register are setto 111b (fOCO-F)

External signal input | Bits TCK2 to TCKO in TRCCRZ1 register are set to 101b (count source is rising edge
to TRCCLK pin of external clock) and the corresponding direction bit in the corresponding direction
register is set is set to 0 (input mode)

a TCK2 to TCKO
= 000b
0 = 001bo
" =010b
8 =011b ~ Count source TRC register
(32 = 100b
TrRCCLK O =101b o
fOCO40M =110b ~
fOCO-F =111
TCK2 to TCKO: Bits in TRCCR1 register

Figure 19.2 Count Source Block Diagram

The pulse width of the external clock input to the TRCCLK pin should be three cycles or more of the timer RC
operation clock (refer to Table 19.1 Timer RC Operation Clock).

To select fOCO40M or fOCO-F as the count source, set the FRAOO bit in the FRAO register set to 1 (high-speed
on-chip oscillator on), and then set bits TCK2 to TCKO in the TRCCRL register to 110b (fOCO40M) or 111b
(fOCO-F).
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19.3.2 Buffer Operation

Bits BFC and BFD in the TRCMR register are used to select the TRCGRC or TRCGRD register as the buffer
register for the TRCGRA or TRCGRB register.

* Buffer register for TRCGRA register: TRCGRC register

* Buffer register for TRCGRB register: TRCGRD register

Buffer operation differs depending on the mode.

Table 19.6 lists the Buffer Operation in Each Mode, Figure 19.3 shows the Buffer Operation for Input Capture
Function, and Figure 19.4 shows the Buffer Operation for Output Compare Function.

Table 19.6  Buffer Operation in Each Mode

Function, Mode Transfer Timing Transfer Destination Register
Input capture function Input capture signal input Contents of TRCGRA (TRCGRB)
register are transferred to buffer
register
Output compare function | Compare match between TRC Contents of buffer register are
WM mode reg!ster and TRCGRA (TRCGRB) trar?sferred to TRCGRA (TRCGRB)
register register
PWM2 mode » Compare match between TRC Contents of buffer register (TRCGRD)
register and TRCGRA register are transferred to TRCGRB register
* TRCTRG pin trigger input

TRCIOA input o
(input capture signal) L\
TRCQRC TRCQRA TRC
register | register
TRCIOA input
!
TRC register n-1 X n X n+1
\:\ Transfer
TRCGRA register m X RN n
)
\ Transfer
TRCGRC register X A m
(buffer)
The above applies under the following conditions:
» The BFC bit in the TRCMR register is set to 1 (the TRCGRC register functions as the buffer register for the TRCGRA register).
* Bits IOA2 to IOAOQ in the TRCIORO register are set to 100b (input capture at the rising edge).

Figure 19.3 Buffer Operation for Input Capture Function
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TRCGRC
register

TRC register

TRCGRA register

TRCGRC register
(buffer)

TRCIOA output

Compare match signal

TRCGRA
register

Comparator |«—

TRC

m-1 X m

m+1

. 4

-—-L ———=-L -

Transfer

The above applies under the following conditions:
» The BFC bit in the TRCMR register is set to 1 (the TRCGRC register functions as the buffer register for the TRCGRA register).
* Bits IOA2 to IOAO0 in the TRCIORO register are set to 001b (“L” output by compare match).

Figure 19.4 Buffer Operation for Output Compare Function

Make the following settings in timer mode.
 To usethe TRCGRC register as the buffer register for the TRCGRA register:

Set the IOC2 hit in the TRCIORL register to the same value as the IOA2 hit in the TRCIORO register.

 To usethe TRCGRD register as the buffer register for the TRCGRB register:

Set the I0D2 bit in the TRCIORL1 register to the same value as the IOB2 hit in the TRCIORO register.
The output compare function, PWM mode, or PWM2 mode, and the TRCGRC or TRCGRD register is
functioning as a buffer register, the IMFC bit or IMFD bit in the TRCSR register is set to 1 when a compare
match with the TRC register occurs.
The input capture function and the TRCGRC register or TRCGRD register is functioning as a buffer register,
the IMFC bit or IMFD bit inthe TRCSR register isset to 1 at the input edge of asignal input to the TRCIOC pin

or TRCIOD pin.
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19.3.3 Digital Filter

Theinput to TRCTRG or TRCIOj (j = A, B, C, or D) is sampled, and the level is considered to be determined
when three matches occur. The digital filter function and sampling clock are selected using the TRCDF register.
Figure 19.5 shows a Digital Filter Block Diagram.

TCK2 to TCKO DFCK1 to DFCKO
f1

=000b ~00b
=001b 32
2 ——0 =01b
_ 8 ——O
4 — =010b o =10b
1 —=—20
s ELELI =11by

Count source

f32 =100b o

TRCCLK =101b I0A2 t0 I0AQ
= 1100 1082 to 1080
f0CO4M ————— =2 o ? 10C2 to 10CO
- 10D2 to I0D0

fOCo-F =111

(or TCEG1 to TCEGO)
Sampling clock

DFj (or DFTRG)

C 1
——o0
TRCIOj input signal D Ma‘;’:c(:"et‘ed Ed%ﬁ::]:%t -
(or TRCTRG input
signal) Latch 5

Timer RC operation clock
1 or fOCO40M

C

Latch

Clock cycle selected by
TCK2 to TCKO
(or DFCK1 to DFCKO)

Sampling clock

{P--

1] [l
1 1
N N
O <

§

TRCIQj input signal |
(or TRCTRG input signal)
Three matches occur and a
signal change is confirmed.
Input signal after passing

through digital filter v

Maximum signal transmission
delay is five sampling clock
» pulses. -

If fewer than three matches occur,
the matches are treated as noise
and no transmission is performed.

j=A,B,C,orD

TCKO to TCK2: Bits in TRCCR1 register

DFTRG, DFCKO to DFCK1, DFj: Bits in TRCDF register
I0AO0 to I0OA2, 10BO to I0B2: Bits in TRCIORO register

10CO0 to 10C2, 10DO to 10D2: Bits in TRCIOR1 register

TCEGL1 to TCEGO: Bits in TRCCR2 register

Figure 19.5 Digital Filter Block Diagram
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19.3.4 Forced Cutoff of Pulse Output

When using the timer mode' s output compare function, the PWM mode, or the PWM 2 maode, pulse output from
the TRCIQj (j = A, B, C, or D) output pin can be forcibly cut off and the TRCIOj pin set to function as a
programmable I/O port by means of input to the INTO pin.

A pin used for output by the timer mode’ s output compare function, the PWM mode, or the PWM 2 mode can be
set to function as the timer RC output pin by setting the Ej bit in the TRCOER register to 0 (timer RC output
enabled). If “L” isinput to the INTO pin while the PTO bit in the TRCOER register is set to 1 (pulse output
forced cutoff signal input INTO enabled), bits EA, EB, EC, and ED in the TRCOER register are all set to 1
(timer RC output disabled, TRCIQj output pin functions as the programmable 1/0 port). When one or two
cycles of the timer RC operation clock after “L” input to the INTO pin (refer to Table 19.1 Timer RC
Operation Clock) has elapsed, the TRCIOj output pin becomes a programmable /O port.

Make the following settings to use this function:

* Set the pin state following forced cutoff of pulse output (high impedance (input), “L” output, or “H” output).
(Refer to 7. 1/0 Ports.) _

» Set the INTOEN bit in the INTEN register to 1 (INTO input enabled) and the INTOPL bit to O (one edge), and
set the POL bit in the INTOIC register to O (falling edge selected).

* Set the PD4_5 bit in the PD4 register to 0 (input mode).

» Select the INTO digital filter by bits INTOF1 to INTOFO in the INTF register. L

* Set the PTO bit in the TRCOER register to 1 (pulse output forced cutoff signal input INTO enabled).

The IR bit in the INTOIC register is set to 1 (interrupt request) in accordance with the setting of the POL bit in
the INTOIC register and the INTOPL bit in the INTEN register and achangein the INTO pin input (refer to 11.8
Noteson Interrupts).

For details on interrupts, refer to 11. Interrupts.
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INTO input O——d

EA bit

EA bit
write value

U

PTO bit

D Q

Timer RC

TRCIOA

output data

Port P1_1

EB bit

EB bit
write value

D Q

S

Timer RC
output data

TRCIOB

Port P1_2
output data

Port P1_2
input data
EC bit

output data
Port P1_1
input data

EC bit
write value

D

S

TRCIOC

ED bit

ED bit
write value

D

S

Q
Timer RC

TRCIOD

EA, EB, EC, ED, PTO: Bits in TRCOER register

output data

Port P3_5
output data

Port P3_5
input data

Q
Timer RC _|
output data
Port P3_4
output data
Port P3_4
input data

Figure 19.6

Forced Cutoff of Pulse Output
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19.4 Timer Mode (Input Capture Function)

This function measures the width or period of an external signal. An external signal input to the TRCIOj (j = A, B,
C, or D) pin acts as atrigger for transferring the contents of the TRC register (counter) to the TRCGR]j register
(input capture). The input capture function, or any other mode or function, can be selected for each individual pin.
The TRCGRA register can also select fOC0O128 signal as input-capture trigger input.

Table 19.7 lists the Specifications of Input Capture Function, Figure 19.7 shows a Block Diagram of Input Capture
Function, Table 19.8 lists the Functions of TRCGRj Register when Using Input Capture Function, and Figure 19.8
shows an Operating Example of Input Capture Function.

Table 19.7  Specifications of Input Capture Function

Item Specification
Count source f1, f2, f4, 18, 32, fOCO40M, fOCO-F
External signal (rising edge) input to TRCCLK pin
Count operation Increment
Count period * The CCLR bit in the TRCCRL1 register is set to 0 (free running operation):

1/fk x 65,536
fk: Count source frequency
* The CCLR bit in the TRCCRL1 register is set to 1 (TRC register set to
0000h at TRCGRA compare match):
1tk x (n + 1)
n: TRCGRA register setting value
Count start condition 1 (count starts) is written to the TSTART bit in the TRCMR register.
Count stop condition 0 (count stops) is written to the TSTART bit in the TRCMR register.
The TRC register retains a value before count stops.
Interrupt request generation * Input capture (valid edge of TRCIOj input or fOC0O128 signal edge)
timing * The TRC register overflows.
TRCIOA, TRCIOB, TRCIOC, |Programmable 1/O port or input capture input (selectable individually for
and TRCIOD pin functions each pin)

INTO pin function Programmable 1/0O port or INTO interrupt input

Read from timer The count value can be read by reading TRC register.
Write to timer The TRC register can be written to.

Select functions « Input capture input pin selection

One or more of pins TRCIOA, TRCIOB, TRCIOC, and TRCIOD
* Input capture input valid edge selection
Rising edge, falling edge, or both rising and falling edges
« Buffer operation (Refer to 19.3.2 Buffer Operation.)
« Digital filter (Refer to 19.3.3 Digital Filter.)
* Timing for setting the TRC register to 0000h
Overflow or input capture
* Input-capture trigger selected
fOCO128 can be selected for input-capture trigger input of the
TRCGRA register.

j=A,B,C,orD
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fOCO-S or Divided fOC0O128
fOCO-F by 128

IOA3=0

(Note 3) Input capture signal ©

Edge
TRCIOA O sglection I0A3 = 1

TRCGRA
register

(Note 1) TRC register

TRCGRC
register

el

C Edge
TRCIOC selection

Input capture signal

Input capture signal

C Edge
TRCIOB selection

TRCGRB
(Note 2) register

TRCGRD
register

v 4

C Edge
TRCIOD selection

Input capture signal

I0A3: Bit in TRCIORO register

Notes:
1. The BFC bit in the TRCMR register is set to 1 (TRCGRC register functions as the buffer register for the TRCGRA register)
2. The BFD bit in the TRCMR register is set to 1 (TRCGRD register functions as the buffer register for the TRCGRB register)
3. The trigger input of the TRCGRA register can select the TRCIOA pin input or fOC0O128 signal.

Figure 19.7 Block Diagram of Input Capture Function
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19.4.1 Timer RC I/O Control Register 0 (TRCIORO) for Input Capture Function
Address 0124h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | 10B2 | I0B1 | I10BO | I0OA3 | I0A2 | IOAl [ I0A0 |
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOAO0 |TRCGRA control bit bl b0 ] R/W
b1 OAL 00: I_nput capture to the TRCGRA register at the RIW
rising edge
0 1: Input capture to the TRCGRA register at the
falling edge
1 0: Input capture to the TRCGRA register at both
edges
1 1: Do not set.
b2 IOA2 | TRCGRA mode select bit (1) Set to 1 (input capture) in the input capture function. | R/W
b3 IOA3 |TRCGRA input capture input switch |0: fOCO128 signal R/W
bit (3) 1: TRCIOA pin input
b4 IOBO |TRCGRB control bit b5 b4 . R/W
bE OB 00: I_nput capture to the TRCGRB register at the RIW
rising edge
0 1: Input capture to the TRCGRB register at the
falling edge
1 0: Input capture to the TRCGRB register at both
edges
1 1: Do not set.
b6 IOB2 |TRCGRB mode select bit (2) Set to 1 (input capture) in the input capture function. | R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

Notes:
1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the
TRCIORL1 register to the same value as the I0A2 bit in the TRCIORO register.
2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the
TRCIORL1 register to the same value as the I0B2 bit in the TRCIORO register.
3. The IOA3 bit is enabled when the IOA2 bit is set to 1 (input capture function).
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19.4.2 Timer RC I/O Control Register 1 (TRCIORL1) for Input Capture Function
Address 0125h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| 10D3 | 10D2 | 1O0D1 | 10D0O | 1OC3 | 10C2 | IOC1 [ 10CO |
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOCO0 |TRCGRC control bit b1b0 h ] he risi R/W
b1 OC1L 00: I:g;;capture to the TRCGRC register at the rising RIW
0 1: Input capture to the TRCGRC register at the
falling edge
1 0: Input capture to the TRCGRC register at both
edges
1 1: Do not set.
b2 IOC2 |TRCGRC mode select bit (1) Set to 1 (input capture) in the input capture function. R/W
b3 IOC3 |TRCGRC register function select |Setto 1. R/W
bit
b4 IOD0 |TRCGRD control bit b5 b4 o ] he risi R/W
b5 OD1 00: I:g;écapture to the TRCGRD register at the rising RIW
0 1: Input capture to the TRCGRD register at the
falling edge
1 0: Input capture to the TRCGRD register at both
edges
1 1: Do not set.
b6 IOD2 |TRCGRD mode select bit (2) Set to 1 (input capture) in the input capture function. R/W
b7 IOD3 |TRCGRD register function select |Setto 1. R/W
bit

Notes:
1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the
TRCIORL1 register to the same value as the I0A2 bit in the TRCIORO register.
2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the
TRCIORL1 register to the same value as the 10B2 bit in the TRCIORO register.

Table 19.8  Functions of TRCGRj Register when Using Input Capture Function

. . . . Input Capture
Register Setting Register Function Input Pin
TRCGRA - General register. Can be used to read the TRC register value | TRCIOA
TRCGRB at input capture. TRCIOB
TRCGRC BFC =0 General register. Can be used to read the TRC register value | TRCIOC
TRCGRD BFD =0 at input capture. TRCIOD
TRCGRC BFC=1 Buffer registers. Can be used to hold transferred value from | TRCIOA
TRCGRD BFD =1 the general register. (Refer to 19.3.2 Buffer Operation.) TRCIOB

j=A,B,C,orD
BFC, BFD: Bits in TRCMR register
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19.4.3 Operating Example

TRCCLK input
count source

TRC register
count value

TSTART bitin
TRCMR register

]
]
1
i
1
Tt >
g 65536 i
1
TRCIOA input i
]
e | |
TRCGRA register \ X 0006h \ X 0009h
i \:\Transfer : Transfer
TRCGRC register X\ X‘OOOGh

IMFA bit in
TRCSR register

OVF bitin —‘ Set to 0 by a program
TRCSR register /

The above applies under the following conditions:

» The CCLR bit in the TRCCRL1 register is set to 1 (Clear TRC counter by input capture).

* Bits TCK2 to TCKO in the TRCCRL1 register are set to 101b (the count source is TRCCLK input).

* Bits IOA2 to IOAO in the TRCIORA register are set to 101b (input capture at the falling edge of the TRCIOA input).

» The BFC bit in the TRCMR register is set to 1 (the TRCGRC register functions as the buffer register for the TRCGRA register).

%
§

FFFFh

0009h

0006h

]
]
]
]
]
]
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]
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]
]
]
]
1
]
]
]
]
]
]
]
4
]
]
]
]
]
]
]
]
]
]
]
]
[

0000h

F

T

Figure 19.8

Operating Example of Input Capture Function
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19.5 Timer Mode (Output Compare Function)

This function detects when the contents of the TRC register (counter) and the TRCGR] register (j = A, B, C, or D)
match (compare match). When a match occurs asignal is output from the TRCIQj pin at agiven level. The output
compare function, or other mode or function, can be selected for each individua pin.

Table 19.9 lists the Specifications of Output Compare Function, Figure 19.9 shows a Block Diagram of Output
Compare Function, Table 19.10 lists the Functions of TRCGRj Register when Using Output Compare Function,
and Figure 19.10 shows an Operating Example of Output Compare Function.

Table 19.9  Specifications of Output Compare Function

Item Specification
Count source f1, f2, f4, 18, 32, fOCO40M, fOCO-F
External signal (rising edge) input to TRCCLK pin
Count operation Increment
Count period » The CCLR bit in the TRCCRL1 register is set to 0 (free running operation):

1/fk x 65,536
fk: Count source frequency
« The CCLR bit in the TRCCR1 register is set to 1 (TRC register set to 0000h at
TRCGRA compare match):
1/fk x (n + 1)
n: TRCGRA register setting value

Waveform output timing Compare match
Count start condition 1 (count starts) is written to the TSTART bit in the TRCMR register.
Count stop condition * When the CSEL bit in the TRCCR2 register is set to 0 (count continues after

compare match with TRCGRA).
0 (count stops) is written to the TSTART bit in the TRCMR register.
The output compare output pin retains output level before count stops, the TRC
register retains a value before count stops.

* When the CSEL bit in the TRCCR2 register is set to 1 (count stops at compare
match with TRCGRA register).
The count stops at the compare match with the TRCGRA register. The output
compare output pin retains the level after the output is changed by the compare

match.
Interrupt request generation * Compare match (contents of registers TRC and TRCGR]j match)
timing * The TRC register overflows.
TRCIOA, TRCIOB, TRCIOC, and |Programmable 1/O port or output compare output (Selectable individually for
TRCIOD pin functions each pin)
INTO pin function Programmable 1/O port, pulse output forced cutoff signal input, or INTO interrupt
input
Read from timer The count value can be read by reading the TRC register.
Write to timer The TRC register can be written to.
Select functions » Output compare output pin selection

One or more of pins TRCIOA, TRCIOB, TRCIOC, and TRCIOD
« Compare match output level selection
“L” output, “H” output, or toggle output
« Initial output level selection
Sets output level for period from count start to compare match
 Timing for setting the TRC register to 0000h
Overflow or compare match with the TRCGRA register
« Buffer operation (Refer to 19.3.2 Buffer Operation.)
« Pulse output forced cutoff signal input (Refer to 19.3.4 Forced Cutoff of Pulse
Output.)
« Can be used as an internal timer by disabling timer RC output
« Changing output pins for registers TRCGRC and TRCGRD
TRCGRC can be used for output control of the TRCIOA pin and TRCGRD can
be used for output control of the TRCIOB pin.
« A/D trigger generation

j=A,B,C,orD
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TRC

Output | Compare match signal

TRCIOA O control I

TRCIOC O Output - Compare match signal
control

TRCIOB O Output - Compare match signal
control
Output | Compare match signal

TRCIOD O control [

Figure 19.9 Block Diagram of Output Compare Function
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19.5.1 Timer RC Control Register 1 (TRCCR1) for Output Compare Function
Address 0121h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CCLR | TCK2 | TCK1 | TCKO | TOD | TOC | TOB [ TOA |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOA |TRCIOA output level select bit (1. 2) |0: Initial output “L” RIW
b1 TOB  |TRCIOB output level select bit @ 2) |1: Initial output *H” RIW
b2 TOC |TRCIOC output level select bit (. 2) R/IW
b3 TOD |TRCIOD output level select bit (1. 2) RIW
b4 TCKO |Count source select bit (1) bgtg '8‘. f R/W
b5 TCK1 00 1 f R/W
b6 TCK2 010 f4 R/W
011:f8
100:f32
10 1: TRCCLK input rising edge
11 0: fOCO40M
111:fOCO-F®)
b7 CCLR |TRC counter clear select bit 0: Disable clear (free-running operation) R/W
1: Clear by compare match in the TRCGRA register

Notes:
1. Set to these hits when the TSTART bit in the TRCMR register is set to 0 (count stops).
2. If the pin function is set for waveform output (refer to 7.5 Port Settings), the initial output level is output when the
TRCCR1 register is set.
3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.

Table 19.10 Functions of TRCGRj Register when Using Output Compare Function

. . . . Output Compare

Register Setting Register Function Output Pin
TRCGRA - General register. Write a compare value to one of these | TRCIOA
TRCGRB registers. TRCIOB
TRCGRC BFC =0 General register. Write a compare value to one of these | TRCIOC
TRCGRD BFD =0 registers. TRCIOD
TRCGRC BFC=1 Buffer register. Write the next compare value to one of | TRCIOA
TRCGRD BFD=1 these registers. (Refer to 19.3.2 Buffer Operation.) TRCIOB
j=A,B,C,orD

BFC, BFD: Bits in TRCMR register
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19.5.2 Timer RC I/O Control Register 0 (TRCIORO) for Output Compare Function
Address 0124h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | IOB2 | I0B1 | IOBO | IOA3 | I0A2 | I0A1 | IOAO |
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOA0 |TRCGRA control bit blbo ) | RIW
b1 OAL 00: Dlsal:_)le pin output by compare match (TRCIOA pin RIW
functions as the programmable 1/O port)
0 1: “L” output by compare match in the TRCGRA
register
1 0: “H” output by compare match in the TRCGRA
register
1 1: Toggle output by compare match in the TRCGRA
register
b2 IOA2 | TRCGRA mode select bit (1) Set to 0 (output compare) in the output compare R/W
function.
b3 IOA3 |TRCGRA input capture input Set to 1. R/W
switch bit
b4 IOBO |TRCGRB control bit b5bd ] . | RIW
bE OB 00: Dlsat_)le pin output by compare match (TRCIOB pin RIW
functions as the programmable 1/O port)
0 1: “L” output by compare match in the TRCGRB
register
1 0: “H” output by compare match in the TRCGRB
register
1 1: Toggle output by compare match in the TRCGRB
register
b6 IOB2 |TRCGRB mode select bit (@) Set to 0 (output compare) in the output compare R/W
function.
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in
theTRCIOR1 register to the same value as the IOA2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the I0D2 bit in the
TRCIORL1 register to the same value as the 10B2 bit in the TRCIORO register.
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19.5.3 Timer RC I/O Control Register 1 (TRCIOR1) for Output Compare Function
Address 0125h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| 10D3 | 10D2 | 10D1 | 10D0O | 1OC3 | 10C2 | IOC1 [ 10CO |
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 10C0_ JTRCGRC control bit bé)b((;' Disable pin output by compare match RIW
bl 10C1 0 1: “L” output by compare match in the TRCGRC RIW
register
1 0: “H” output by compare match in the TRCGRC
register
1 1: Toggle output by compare match in the TRCGRC
register
b2 IOC2 |TRCGRC mode select bit (1) Set to O (output compare) in the output compare R/W
function.
b3 IOC3 |TRCGRC register function select |0: TRCIOA output register R/W
bit 1: General register or buffer register
bd 10D0_ | TRCGRD control bit b(5)%' Disable pin output by compare match RIW
bS 10D1 0 1: “L” output by compare match in the TRCGRD RIW
register
1 0: “H” output by compare match in the TRCGRD
register
1 1: Toggle output by compare match in the TRCGRD
register
b6 IOD2 |TRCGRD mode select bit (2) Set to 0 (output compare) in the output compare R/W
function.
b7 IOD3 |TRCGRD register function select |0: TRCIOB output register R/W
bit 1: General register or buffer register
Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in
theTRCIORL1 register to the same value as the IOA2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in
theTRCIOR1 register to the same value as the IOB2 bit in the TRCIORO register.
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19.5.4 Timer RC Control Register 2 (TRCCR2) for Output Compare Function
Address 0130h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL | — | — | POLD | POLC | POLB |
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB [|PWM mode output level control 0: TRCIOB output level selected as “L” active R/W
bit B 1: TRCIOB output level selected as “H” active
bl POLC [PWM mode output level control 0: TRCIOC output level selected as “L” active R/W
bit C (1) 1: TRCIOC output level selected as “H” active
b2 POLD [PWM mode output level control 0: TRCIOD output level selected as “L” active R/W
bit D (1) 1: TRCIOD output level selected as “H” active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit (2) 0: Count continues at compare match with the R/W
TRCGRA register
1: Count stops at compare match with the TRCGRA
register
b6 TCEGO i it (@  |b7b6 R/W
TRCTRG input edge select bit 0 0: Disable the trigger input from the TRCTRG pin
b7 TCEG1 i R/W
0 1: Rising edge selected
1 0: Falling edge selected
1 1: Both edges selected
Notes:

1. Enabled when in PWM mode.

2. Enabled when in the output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
19.9.6 TRCMR Register in PWM2 Mode.

3. Enabled when in PWM2 mode.
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19.5.5 Operating Example

TRC register value

M= e e e

i
Initial output “L” !

IMFB bit in
TRCSR register

_|
\ Setto 0 by /

program

T
+
[

!

—————y e ————

Output level held

| 1
1 1
] 1
] 1
1 1
1 1
: LA N
T 4 : 4 : I Count
|’ | i |' 1 | |' ] restarts
) 1 [} ] 1
T T T T T
i i i | { | : Count
] ] ] ] ] ] ] S[Ops
] ] ] ] ] ] ]
TSTART bitin : : : : : : :
TRCMR register | ] ] ] | | |
! < { ome ol I me o :
] ] ] ] ] 1 ] ]
: : : 1 ! ! ! 1 output level held
) | ] ] | ]
TRCIOA output ! ! ! ‘\f Output inverted by H ‘
T T d | compare match ' T S
E\ o 1 1 1 i 1 1
1 Initial output “L’ : 1 : : | :
IMFA bit in ] i i 1 i i
TRCSR register ! H H H H H
T T T T T T
H | ] | ]
: : : V\':\ Set to 0 by a program / :Output level held
ML o : : I ¢
0 ! : D : S
]
TRCIOB output 1 ! J/Y !
P i { S~ "H" output by ! !
;\ | I compare match | ]
' ! : :
]
]
i
i
]
]
]
]
]
]
]
]

EEEEE— “L” output by compare match
TRCIOC output f

:

Initial output “H”

\i/ A4
1
]
IMFC bit in
TRCSR register
\ Set to 0 by a program _'

m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value

-

The above applies under the following conditions:

« Bits BFC and BFD in the TRCMR register are set to 0 (TRCGRC and TRCGRD do not operate as buffers).

« Bits EA, EB, and EC in the TRCOER register are set to 0 (output from TRCIOA, TRCIOB, and TRCIOC enabled).

« The CCLR bit in the TRCCRA1 register is set to 1 (set the TRC register to 0000h by TRCGRA compare match).

« In the TRCCR1 register, bits TOA and TOB are set to 0 (“L” initial output until compare match) and the TOC bit is set to 1 (“H” initial output until
compare match).

« Bits IOA2 to IOAOQ in the TRCIORO register are set to 011b (TRCIOA output inverted at TRCGRA compare match).

« Bits IOB2 to IOBO in the TRCIORO register are set to 010b (“H” TRCIOB output at TRCGRB compare match).

« Bits IOC2 to I0C2 in the TRCIORL register are set to 001b (“L” TRCIOC output at TRCGRC compare match).

« The CSEL bit in the TRCCR2 register is set to 0 (TRC count continues after TRCGRA compare match).

Figure 19.10 Operating Example of Output Compare Function
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19.5.6 Changing Output Pins in Registers TRCGRC and TRCGRD

The TRCGRC register can be used for output control of the TRCIOA pin, and the TRCGRD register can be
used for output control of the TRCIOB pin. Therefore, each pin output can be controlled as follows:

* TRCIOA output is controlled by the values in registers TRCGRA and TRCGRC.

* TRCIOB output is controlled by the valuesin registers TRCGRB and TRCGRD.

Change output pinsin registers TRCGRC and TRCGRD asfollows:
* Set the IOC3 bit in the TRCIORL1 register to 0 (TRCIOA output register) and set the 10D3 hit to O
(TRCIOB output register).
* Set bits BFC and BFD in the TRCMR register to 0 (general register).
* Set different values in registers TRCGRC and TRCGRA. Also, set different values in registers TRCGRD
and TRCGRB.
Figure 19.12 shows an Operating Example When TRCGRC Register is Used for Output Control of TRCIOA
Pin and TRCGRD Register is Used for Output Control of TRCIOB Pin.

TRC
P Compare match signal
TRCIoA O Coourffrléf ) I0C3=0in |
TRC'O:Rl register c—>| Comparator |<—| TRCGRA |
N Compare match signal
TRCIOC O Coou;frzf ~+—0O joc3=1
q—>| Comparator |<—| TRCGRC |
P Compare match signal
TRCIOB O Sou”tfrzf ) IOD3=0in |
TRCIOR1 register l—>| Comparator |<—| TRCGRB |
Compare match signal
TRCIOD O U e O 10D3=1
—>| Comparator |<—| TRCGRD |

Figure 19.11  Changing Output Pins in Registers TRCGRC and TRCGRD
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Value in TRC register

FFFFh

M e e e e e o

0000h

[RpEIpY UpE S H

e e et Sttt Sttt

IMFC bit in
TRCSR register

i i i i
1 p+l | ] |
r—— P 1 |
: : P :
1 q+1 ] p-q | : :
r—r—p
1 1 1 1 |
1 1 1 1 i
Initial output “L” ! H H ! !
TRCIOA output ‘ \ / H i
' i
T T
Output inverted by compare match : : : :
i 1 i i
IMFA bit in i ] i i
TRCSR register H H H H
AT, S B N R 4
et to 0 by a program et to 0 by a program
| ¥ ; LK
| 1
1 1
| 1
T T
1 1
1 1
1 |

Initial output “L”

TRCIOB output i \ /

Output inverted by compare match

-

IMFB bit in
TRCSR register

—

. f

Set to 0 by a program Set to 0 by a program

IMFD bit in /
TRCSR register

m: Value set in TRCGRA register
n: Value set in TRCGRC register
p: Value set in TRCGRB register
g: Value set in TRCGRD register

The above applies under the following conditions:

« Bits BFC and BFD in the TRCMR register are set to 0 (registers TRCGRC and TRCGRD are not used as buffer register).

« Bits EA and EB in the TRCOER register are set to 0 (enable TRCIOA and TRCIOB pin outputs).

* The CCLR bit in the TRCCR1 register are set to 1 (set the TRC register to 0000h by compare match in the TRCGRA register).
« Bits TOA and TOB in the TRCCRL register are set to O (initial output “L” to compare match).

« Bits IOA2 to IOAOQ in the TRCIORO register are set to 011b (TRCIOA output inverted at TRCGRA register compare match).
« Bits IOB2 to IOBO in the TRCIORO register are set to 011b (TRCIOB output inverted at TRCGRB register compare match).
« Bits IOC2 to I0CO in the TRCIOR1 register are set to 011b (TRCIOA output inverted at TRCGRC register compare match).
« The I0C3 bit in the TRCIORL register are set to 0 (TRCIOA output register).

« Bits IOD2 to 10DO0 in the TRCIOR1 register are set to 011b (TRCIOB output inverted at TRCGRD register compare match).
« The 10D3 bit in the TRCIORL register are set to 0 (TRCIOB output register).

* The CSEL bit in the TRCCR2 register are set to 0 (TRC continues counting after compare match).

Figure 19.12 Operating Example When TRCGRC Register is Used for Output Control of TRCIOA
Pin and TRCGRD Register is Used for Output Control of TRCIOB Pin
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19.6 PWM Mode

This mode outputs PWM waveforms. A maximum of three PIWM waveforms with the same period are output.

The PWM mode, or the timer mode, can be selected for each individual pin. (However, since the TRCGRA register
is used when using any pin for the PWM mode, the TRCGRA register cannot be used for the timer mode.)

Table 19.11 lists the Specifications of PWM Mode, Figure 19.13 shows a PWM Mode Block Diagram, Table 19.12
lists the Functions of TRCGRh Register in PWM Mode, and Figures 19.14 and 19.15 show Operating Examples of

PWM Mode.

Table 19.11 Specifications of PWM Mode

Item

Specification

Count source

f1, f2, f4, 18, f32, fOC0O40M, fOCO-F
External signal (rising edge) input to TRCCLK pin

Count operation

Increment

PWM waveform

PWM period: 1/fk x (m + 1)
Active level width: 1/fk x (m - n)
Inactive width: 1/fk x (n + 1)
fk: Count source frequency
m: TRCGRA register setting value
n: TRCGRj register setting value
=
n+l m-n

m+1

.

(“L" is active level)

Count start condition

1 (count starts) is written to the TSTART bit in the TRCMR register.

Count stop condition

*When the CSEL bit in the TRCCR2 register is set to 0 (count continues
after compare match with TRCGRA).
0 (count stops) is written to the TSTART bit in the TRCMR register.
PWM output pin retains output level before count stops, TRC register
retains value before count stops.

*When the CSEL bit in the TRCCR2 register is set to 1 (count stops at
compare match with TRCGRA register).
The count stops at the compare match with the TRCGRA register. The
PWM output pin retains the level after the output is changed by the
compare match.

Interrupt request generation
timing

« Compare match (contents of registers TRC and TRCGRh match)
* The TRC register overflows.

TRCIOA pin function

Programmable 1/O port

TRCIOB, TRCIOC, and
TRCIOD pin functions

Programmable I/O port or PWM output (selectable individually for each
pin)

INTO pin function

Programmable I/O port, pulse output forced cutoff signal input, or INTO
interrupt input

Read from timer

The count value can be read by reading the TRC register.

Write to timer

The TRC register can be written to.

Select functions

* One to three pins selectable as PWM output pins
One or more of pins TRCIOB, TRCIOC, and TRCIOD

« Active level selectable for each pin

« Initial level selectable for each pin

« Buffer operation (Refer to 19.3.2 Buffer Operation.)

« Pulse output forced cutoff signal input (Refer to 19.3.4 Forced Cutoff
of Pulse Output.)

« A/D trigger generation
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TRCIOB O——

TRCIOC (O— Output

control

TRCIOD O—]

A

Compare match signal

Compare match signal

TRC

—>| Comparator |<—{

TRCGRA

A

Compare match signal

—>| Comparator |<—{

TRCGRB

(Note 1)

A

Compare match signal

—>| Comparator |<—{

TRCGRC

Notes:

A

—>| Comparator |<—{

TRCGRD

1. The BFC bit in the TRCMR register is set to 1 (TRCGRC register functions as the buffer register for the TRCGRA register)
2. The BFD bit in the TRCMR register is set to 1 (TRCGRD register functions as the buffer register for the TRCGRB register)

(Note 2)

Figure 19.13 PWM Mode Block Diagram
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19.6.1 Timer RC Control Register 1 (TRCCR1) in PWM Mode
Address 0121h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CCLR | TCK2 | TCK1 | TCKO | TOD | TOC | TOB | TOA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
bo TOA  |TRCIOA output level select bit (1) Disabled in PWM mode R/W
bl TOB |TRCIOB output level select bit (1.2) |0 Initial output selected as non-active level R/W
b2 TOC [TRCIOC output level select bit 4. 2) |11 Initial output selected as active level RIW
b3 TOD |TRCIOD output level select bit (1. 2) R/W
b4 TCKO |Count source select bit (1) b8 tg ‘6‘_ “ R/W
b5 TCKI 001 2 RIW
b6 TCK2 010 f4 R/W
011:f8
100: 32
10 1: TRCCLK input rising edge
11 0: fOCO40M
11 1: fOCO-F ®)
b7 CCLR |TRC counter clear select bit 0: Disable clear (free-running operation) R/W
1: Clear by compare match in the TRCGRA register
Notes:
1. Set to these hits when the TSTART bit in the TRCMR register is set to 0 (count stops).
2. If the pin function is set for waveform output (refer to 7.5 Port Settings), the initial output level is output when the
TRCCR1 register is set.
3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.

19.6.2 Timer RC Control Register 2 (TRCCR2) in PWM Mode
Address 0130h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL | — — | POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB |PWM mode output level control 0: TRCIOB output level selected as “L” active R/W
bit B (1) 1: TRCIOB output level selected as “H” active
bl POLC [(PWM mode output level control 0: TRCIOC output level selected as “L” active R/W
bit Cc (O 1: TRCIOC output level selected as “H” active
b2 POLD [PWM mode output level control 0: TRCIOD output level selected as “L” active R/W
bitD O 1: TRCIOD output level selected as “H” active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit (2) |{0: Count continues at compare match with the R/W
TRCGRA register
1: Count stops at compare match with the TRCGRA
register
b6 | TCEGO [TRCTRG in lect bit (3) [p7B6 _ _ . RIW
CTRG input edge select bit 0 O: Disable the trigger input from the TRCTRG pin
b7 TCEG1 g R/W
0 1: Rising edge selected
1 0: Falling edge selected
1 1: Both edges selected
Notes:
1. Enabled when in PWM mode.
2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
19.9.6 TRCMR Register in PWM2 Mode.
3. Enabled when in PWM2 mode.
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Table 19.12 Functions of TRCGRh Register in PWM Mode

Register Setting Register Function PWM Output Pin

TRCGRA - General register. Set the PWM period. -
TRCGRB - General register. Set the PWM output change point. TRCIOB
TRCGRC BFC =0 General register. Set the PWM output change point. TRCIOC
TRCGRD BFD =0 TRCIOD
TRCGRC BFC=1 Buffer register. Set the next PWM period. (Refer to 19.3.2 Buffer |-

Operation.)
TRCGRD BFD =1 Buffer register. Set the next PWM output change point. (Refer to | TRCIOB

19.3.2 Buffer Operation.)

h=AB,C,orD
BFC, BFD: Bits in TRCMR register

Note:

1. The output level does not change even when a compare match occurs if the TRCGRA register value (PWM
period) is the same as the TRCGRB, TRCGRC, or TRCGRD register value.
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19.6.3 Operating Example

Value in TRC register

Mhemmrer e =

Active level “H” —a

Initial output “L”
TRCIOB output A~ to compare match

B e el it Dttt

TRCIOD output

TRCIOC output A Initial output “H”
to compare match

Inactive level “H”
1

/

g+l

IMFA bit in
TRCSR register

\ Initial output “L"
to compare match

IMFB bit in
TRCSR register

1
1
1
1
1
1
1
1
1
1
1
|
|
Active level “L’
]
1
]
]
]
]
1
1
1
1
1
1

==

ol

Set to 0 by a program

bl

—‘ Set to 0 by a program

IMFC bit in
TRCSR register

—

—

IMFD bit in
TRCSR register

s

A~

Set to 0 by a program

s

#

Set to 0 by a program

L

The above applies under the following conditions:
« Bits BFC and BFD in the TRCMR register are set to 0 (registers TRCGRC and TRCGRD do not operate as buffers).
« Bits EB, EC, and ED in the TRCOER register are set to 0 (output from TRCIOB, TRCIOC, and TRCIOD enabled).

« Bits TOB and TOC in the TRCCR1 register are set to 0 (inactive level), the TOD bit is set to 1 (active level).

« The POLB bit in the TRCCR2 register is set to 1 (‘H” active), bits POLC and POLD are set to 0 (“L” active).

m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value
q: TRCGRD register setting value

Figure 19.14 Operating Example of PWM Mode
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TRC register value

0000h

TSTART bitin 1
TRCMR register

TRCIOB output

TRCGRSB register

IMFA bit in
TRCSR register

IMFB bit in
TRCSR register

¢~ has occurred

Duty 0%

Femm———p -1 -——-

TRCIOB output does not switch to “L” because
no compare match with the TRCGRB register

|

p (p>m)

| a

T T
‘&: Rewritten by a program -:/‘
1

A

Set to 0 by a program

_‘
/

4

I Set to 0 by a program

TRC register value

m

0000h

TSTART bitin 1
TRCMR register

TRCIOB output

TRCGRSB register

IMFA bit in
TRCSR register

IMFB bit in
TRCSR register

TRCIOB output switche
'

]
Duty!100%

If compare> matches occur simultane:
TRCGRB, the compare match with the TRCGRB register has priority.
s to “L". (In other words, no change).

FanY

___€3_‘_>*

ously with registers TRCGRA and

YV\TRCIOB output switches to “L” at compare match with the
! TRCGRB register. (In other words, no change).

R

p

i
Rewritten by !

a program

—

»

Set to 0 by a program

VD

"

Set to 0 by a program

¥

The above applies under the following conditions:
« The EB bit in the TRCOER register is set to 0 (output from TRCIOB enabled).
« The POLB bit in the TRCCR2 register is set to 0 (“L” active).

m: TRCGRA register setting value

Figure 19.15

Operating Example of PWM Mode (Duty 0% and Duty 100%)
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19.7 PWM2 Mode

This mode outputs a single PWM waveform. After a given wait duration has elapsed following the trigger, the pin
output switches to active level. Then, after a given duration, the output switches back to inactive level.
Furthermore, the counter stops at the same time the output returns to inactive level, making it possible to use
PWM2 mode to output a programmable wait one-shot waveform.

Since timer RC uses multiple general registers in PWM2 mode, other modes cannot be used in conjunction with it.
Figure 19.16 shows a PWM2 Mode Block Diagram, Table 19.13 lists the Specifications of PWM2 Mode, Table

19.14 lists the Functions of TRCGR] Register in PWM2 Mode, and Figures 19.17 to 19.19 show Operating
Examples of PWM2 Mode.

Trigger signal

Compare match signal

TRCTRG : Input Count clear signal

control TRC |—<—>| Comparator TRCGRA

(Note 1)

TRCGRD
register

Comparator

TRCGRB

TRCIOB Output
control

Note:
1. The BFD bit in the TRCMR register is set to 1 (the TRCGRD register functions as the buffer register for the TRCGRB register).

Figure 19.16 PWM2 Mode Block Diagram
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Table 19.13 Specifications of PWM2 Mode

Item Specification
Count source f1, f2, f4, £8, 32, fOCO40M, fOCO-F
External signal (rising edge) input to TRCCLK pin
Count operation Increment TRC register
PWM waveform PWM period: 1/fk x (m + 1) (no TRCTRG input)

Active level width: 1/fk x (n - p)
Wait time from count start or trigger: 1/fk x (p + 1)
fk: Count source frequency
m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value

TRCTRG input
ML ol :
Ve ] 1
1 n+l [l 1 n+l |
—————————— i ——————————— i
' |
+1 1 +1 1
Y - i
1
TRCIOB output ' H l
_
T i V
] ——————————p ] —————————
1 | n-p ' ' | n-p ]

(TRCTRG: Rising edge, active level is “H")

Count start conditions * Bits TCEG1 to TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger
disabled) or the CSEL bit in the TRCCR2 register is set to 0 (count continues).
1 (count starts) is written to the TSTART bit in the TRCMR register.

« Bits TCEG1 to TCEGO in the TRCCR?2 register are set to 01b, 10b, or 11b (TRCTRG
trigger enabled) and the TSTART bit in the TRCMR register is set to 1 (count starts).
A trigger is input to the TRCTRG pin

Count stop conditions * 0 (count stops) is written to the TSTART bit in the TRCMR register while the CSEL bit in
the TRCCR2 register is set to 0 or 1.

The TRCIOB pin outputs the initial level in accordance with the value of the TOB bit in
the TRCCRL1 register. The TRC register retains the value before count stops.

« The count stops due to a compare match with TRCGRA while the CSEL bit in the
TRCCR2 register is setto 1
The TRCIOB pin outputs the initial level. The TRC register retains the value before
count stops if the CCLR bit in the TRCCRL1 register is set to 0. The TRC register is set
to 0000h if the CCLR bit in the TRCCR1 register is set to 1.

Interrupt request « Compare match (contents of TRC and TRCGRj registers match)
generation timing * The TRC register overflows

TRCIOA/TRCTRG pin Programmable 1/O port or TRCTRG input

function

TRCIOB pin function PWM output

TRCIOC and TRCIOD pin | Programmable I/O port

functions

INTO pin function Programmable 1/O port, pulse output forced cutoff signal input, or INTO interrupt input
Read from timer The count value can be read by reading the TRC register.

Write to timer The TRC register can be written to.

Select functions « External trigger and valid edge selection

The edge or edges of the signal input to the TRCTRG pin can be used as the PWM
output trigger: rising edge, falling edge, or both rising and falling edges

« Buffer operation (Refer to 19.3.2 Buffer Operation.)

« Pulse output forced cutoff signal input (Refer to 19.3.4 Forced Cutoff of Pulse
Output.)

« Digital filter (Refer to 19.3.3 Digital Filter.)

« A/D trigger generation

j=A,B,orC
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19.7.1 Timer RC Control Register 1 (TRCCR1) in PWM2 Mode
Address 0121h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CCLR | TCK2 | TCK1 | TCKO | TOD | TOC | TOB | TOA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
bo TOA |TRCIOA output level select bit (1) Disabled in PWM2 mode R/W
bl TOB |TRCIOB output level select bit (1.2) |0 Active level "H” RIW

(Initial output “L”

“H” output by compare match in the TRCGRC
register

“L” output by compare match in the TRCGRB
register)

1: Active level “L”
(Initial output “H”
“L” output by compare match in the TRCGRC

register
“H” output by compare match in the TRCGRB
register)
b2 TOC |TRCIOC output level select bit () Disabled in PWM2 mode R/W
b3 TOD |TRCIOD output level select bit (1) RIW
b4 TCKO [Count source select bit (1) bgbg %‘_ 1 R/W
b5 | TCKIL 001 RIW
b6 TCK2 010 4 R/W
011:f8
100:f32

10 1: TRCCLK input rising edge
11 0: fOCO40M
111: fOCO-F (3

b7 CCLR |TRC counter clear select bit 0: Disable clear (free-running operation) R/W
1: Clear by compare match in the TRCGRA
register
Notes:

1. Set to these bits when the TSTART bit in the TRCMR register is set to 0 (count stops).

2. If the pin function is set for waveform output (refer to 7.5 Port Settings), the initial output level is output when the
TRCCR1 register is set.

3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.
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19.7.2 Timer RC Control Register 2 (TRCCR2) in PWM2 Mode
Address 0130h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL | — | — | POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB [|PWM mode output level control 0: TRCIOB output level selected as “L” active R/W
bit B 1: TRCIOB output level selected as “H” active
bl POLC [PWM mode output level control 0: TRCIOC output level selected as “L” active R/W
bit C (1) 1: TRCIOC output level selected as “H” active
b2 POLD [PWM mode output level control 0: TRCIOD output level selected as “L” active R/W
bit D (1) 1: TRCIOD output level selected as “H” active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit (2) 0: Count continues at compare match with the R/W

TRCGRA register

1: Count stops at compare match with the TRCGRA

register

b6 TCEGO i it (@  |b7b6 R/W
TRCTRG input edge select bit 0 0: Disable the trigger input from the TRCTRG pin
b7 TCEG1 i R/W
0 1: Rising edge selected
1 0: Falling edge selected
1 1: Both edges selected
Notes:

1. Enabled when in PWM mode.

2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to

19.9.6 TRCMR Register in PWM2 Mode.
3. Enabled when in PWM2 mode.

19.7.3 Timer RC Digital Filter Function Select Register (TRCDF) in PWM2 Mode

Address 0131h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | DFCK1 | DFCKO | — | DFTRG | DFD | DFC | DFB | DFA |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DFA  |TRCIOA pin digital filter function select bit (1) {0: Function is not used R/W
bl DFB |TRCIOB pin digital filter function select bit (@ |1: Function is used RIW
b2 DFC | TRCIOC pin digital filter function select bit (1) R/W
b3 DFD |TRCIOD pin digital filter function select bit () R/IW
b4 DFTRG |TRCTRG pin digital filter function select bit (2) RIW
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 DFCKO |Clock select bits for digital filter function (. 2) bébg: 32 R/W
b7 DFCK1 01 f8 R/W
10:f1
1 1: Count source (clock selected by bits
TCK2 to TCKO in the TRCCR1
register)
Notes:

1. These bits are enabled for the input capture function.
2. These bits are enabled when in PWM2 mode and bits TCEG1 to TCEGO in the TRCCR2 register are set to 01b,
10b, or 11b (TRCTRG trigger input enabled).
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Table 19.14 Functions of TRCGRj Register in PWM2 Mode

Register Setting Register Function PWM2 Output Pin
TRCGRA - General register. Set the PWM period. TRCIOB pin
TRCGRB (1) |- General register. Set the PWM output change point.

TRCGRC ) [BFC=0 General register. Set the PWM output change point (wait time
after trigger).

TRCGRD BFD =0 (Not used in PWM2 mode) -

TRCGRD BFD =1 Buffer register. Set the next PWM output change point. (Refer to | TRCIOB pin
19.3.2 Buffer Operation.)

j=A,B,C,orD

BFC, BFD: Bits in TRCMR register

Note:

1. Do not set the TRCGRB and TRCGRC registers to the same value.
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19.7.4 Operating Example

TRC register value

FFFFh TRC register cleared
M becccccccccccccccccccccccccccccccccccccccreeee_eee——eccc———————— at TRCGRA register
compare match

Previous value held if the Set to 0000h
TSTART bit is set to O\ / by a program

0000h

Count stops
because the
CSEL bit is

setto 1

TSTART bit in
TRCMR register

1 1 Setto 1 by 1 TSTART bit
1 ! a program ! is setto 0
CSEL bitin i i | b
TRCCR2 register 1 H H H
T 1 ] 1
i i i i
] L m+1 1 [ )
] [l ] ]
] ] n+1 ] ]
: ] ] ] :
] +1
: > ! !
i ' V Return to initial output 1 1 ' 1
H" output at TRCGRC ) ifthe TSTART bitis ! ! “L” output at TRCGRB_ !
register compare match ) settoO H H register compare match 4
! ] ] ] ] ]
! 1 |
“L” initial output L No change | H No change
TRCIOB output
¥ | “a 1~
1 []
! ! :\ “H" output at TRCGRC register !
1 H ) compare match
IMFA bit in H ! ! !
TRCSR register H ! ! !
T ] ] ] )
! ] ] ] ) /
' ! : ' !
IMFB bit in : : Set toIO by a program
TRCSR register H H s :
- ! ! :
! ] ] ]
IMFC bit in Set to 0 by a program i Set to 0 by a program E
TRCSR register / ! / !
] ]
] ]
] ]
] ]
1 |
TRCGRB register X n
b4 X y. A
] ]
! Transfer H Transfer
1 1
TRCGRD register n X Next data

A\ /

Transfer from buffer register to general register

m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value

The above applies under the following conditions:

« The TOB bit in the TRCCR1 register is set to 0 (initial level is “L", “H” output by compare match with the TRCGRC register, “L” output by compare
match with the TRCGRB register).

« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger input disabled).

Figure 19.17 Operating Example of PWM2 Mode (TRCTRG Trigger Input Disabled)
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FFFFh

m

0000h

TRC register (counter)
cleared at TRCTRG pin
trigger input

s

]
-
]
]
]
]
1

L Previous valug = eeeccccccccccaae-
held if the
TSTART bit is Set to 0000h
setto 0 by a program

TRC register value

TRC register cleared
at TRCGRA register
compare match

TRCTRG input

TSTART bitin
TRCMR register

CSEL bit in
TRCCR2 register

Count starts
TSTART bit

Count starts at

Changed by a program }

Count stops
because the

S

/

N

]
]
!
[~ TRCTRG pin i CSEL bitis
trigger input ! setto 1
/ I i
The TSTART
bit is set to 0

TRCIOB output

1 prl
)

H” output at
TRCGRC register

)
)
)
)
]
]
[]
-
)
]
)
]
)
)
]
T
)
)
)
B 1
issetto 1l :
]
T
)
'
)
)
)
'
)
)
]
)
(]
]
)
]
)
)
]
]
]
I

<—>
1
i : TRCGRB register
compare match 1 compare match
RN
“L” initial output }
K

i “L” output at

IMFA bit in
TRCSR register

]
]
]
1
1
1
1
1
'
Set
api
i
]

\ v

| | to 1 by
1 1 rogram
] |
] n+1 : n+l

|

1

]

Inactive level so
TRCTRG input is
enabled

|

Return to initial value if the
TSTART bit is set to 0

Active level so TRCTRG
input is disabled
]

IMFB bit in
TRCSR register

7~

IMFC bit in
TRCSR register

TRCGRSB register

TRCGRD register

] ] ]
] ] ]
] ] 1 Setto O by
i H | aprogram
1 1 1
: : Ao ol :
H ! Setto O by | Set to 0 by Set to 0 by H
1 aprogram a program a program |
i ¥ i ¥ o ¥ i
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
\ \ H )
n X n n n

). 4 X A X .4 X b4
| 1 1 i
! Transfer ! Transfer ! Transfer ! Transfer
H H L H

n X Next data

*

Transfer from buffer register to general register

The above applies under the following conditions:
* The TOB bit in the TRCCR1 register is set to O (initial level is “L”, “H" output by compare match with the TRCGRC register, “L” output by compare match with the

TRCGRSB register).
« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 11b (trigger at both rising and falling edges of TRCTRG input).

. :

Transfer from buffer register to general register

*

m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value

Figure 19.18 Operating Example of PWM2 Mode (TRCTRG Trigger Input Enabled)
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* TRCGRB register setting value greater than TRCGRA
register setting value

* TRCGRC register setting value greater than TRCGRA
register setting value

TRC register value TRC register value

IMFC bit in
TRCSR register

The above applies under the following conditions:
« The TOB bit in the TRCCR1 register is set to 0 (initial level is “L", “H” output by compare match with the TRCGRC register, “L” output by compare

match with the TRCGRB register).
« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger input disabled).

IMFC bit in
TRCSR register

[ e e e e L LT [ et e e T
Mp=————— e —m————em Mp=————— e em——— e
Npeemmmm—————m
-------- ] TTTTTTTTTTTTT 1
] 1
] ]
! ! 0000h
i ' i i
] 1
TSTART bit in H H TSTART bit in
TRCMR register E i TRCMR register
] 1
! p+1 : i ! n+1
m+1 ) | m+1
> . )
| y  No compare match with
! 1 TRCGRSB register, so “L” output at
! g : .
! b ittt e compe
1 a m 7 . compare match
: 1 so “L” output continues with no change.
TRCIOB output : ! ) TRCIOB output \
| “H” output at TRCGRC register
\ : compare match \
DI 1 i “L initial
L” initial y H outout
IMFA bit in output ! ! IMFA bit in P '
TRCSR register ! : TRCSR register !
] | [
] | !
i i '
IMFB bit in ! ! IMFB bit in
TRCSR register ! ! TRCSR register
] 1
: Setto O by a :

m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value

Figure 19.19 Operating Example of PWM2 Mode (Duty 0% and Duty 100%)
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19.8

Timer RC Interrupt

Timer RC generates atimer RC interrupt request from five sources. The timer RC interrupt uses the single TRCIC
register (bitsIR and ILVLO to ILVL?2) and a single vector.

Table 19.15 lists the Registers Associated with Timer RC Interrupt, and Figure 19.20 isa Timer RC Interrupt Block
Diagram.

Table 19.15 Registers Associated with Timer RC Interrupt

Timer RC Status Register | Timer RC Interrupt Enable Register | Timer RC Interrupt Control Register

TRCSR TRCIER TRCIC

IMFA bit ——]

IMIEA bit Timer RC interrupt request

(IR bit in TRCIC register)
IMFB bit
IMIEB bit

IMFC bit ——
IMIEC bit

IMFD bit
IMIED bit

OVF bit —
OVIE bit

3_
—
D

IMFA, IMFB, IMFC, IMFD, OVF: Bits in TRCSR register
IMIEA, IMIEB, IMIEC, IMIED, OVIE: Bits in TRCIER register

Figure 19.20 Timer RC Interrupt Block Diagram

Like other maskable interrupts, the timer RC interrupt is controlled by the combination of the | flag, IR bit, bits
ILVLOto ILVL2, and IPL. However, it differs from other maskable interruptsin the following respects because
asingleinterrupt source (timer RC interrupt) is generated from multiple interrupt request sources.

e The IR bit in the TRCIC register is set to 1 (interrupt requested) when a bit in the TRCSR register isset to 1
and the corresponding bit in the TRCIER register is also set to 1 (interrupt enabled).

e The IR bit is set to 0 (no interrupt requested) when the bit in the TRCSR register or the corresponding bit in
the TRCIER register is set to 0, or both are set to 0. In other words, the interrupt request is not maintained if
the IR bit isonce set to 1 but the interrupt is not acknowledged.

« If another interrupt source is triggered after the IR bit is set to 1, the IR bit remains set to 1 and does not
change.

« If multiple bits in the TRCIER register are set to 1, use the TRCSR register to determine the source of the
interrupt request.

» The bitsin the TRCSR register are not automatically set to 0 when an interrupt is acknowledged. Set them to
0 within the interrupt routine. Refer to 19.2.5 Timer RC Status Register (TRCSR), for the procedure for
setting these hitsto 0.

Refer t0 19.2.4 Timer RC Interrupt Enable Register (TRCIER), for details of the TRCIER register.
Refer to 11.3 Interrupt Control, for details of the TRCIC register and 11.1.5.2 Relocatable Vector Tables,
for information on interrupt vectors.
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19.9 Notes on Timer RC

19.9.1 TRC Register

* The following note applies when the CCLR hit in the TRCCR1 register is set to 1 (clear TRC register at
compare match with TRCGRA register).
When using a program to write a value to the TRC register while the TSTART bit in the TRCMR register is
set to 1 (count starts), ensure that the write does not overlap with the timing with which the TRC register is set
to 0000h.
If the timing of the write to the TRC register and the setting of the TRC register to 0000h coincide, the write
value will not be written to the TRC register and the TRC register will be set to 0000h.

* Reading from the TRC register immediately after writing to it can result in the value previous to the write
being read out. To prevent this, execute the IMP.B instruction between the read and the write instructions.

Program Example MOV.W #XXXXh, TRC ;\Write
JMP.B L1 ;JMP.B instruction
L1 MOV.W TRC,DATA ;Read

19.9.2 TRCSR Register

Reading from the TRCSR register immediately after writing to it can result in the value previous to the write
being read out. To prevent this, execute the IMP.B instruction between the read and the write instructions.

Program Example MOV.B #XXh, TRCSR \Write
JMP.B L1 ;JMP.B instruction
L1 MOV.B TRCSR,DATA ;Read

19.9.3 TRCCRL1 Register

To set bits TCK2 to TCKO in the TRCCRL1 register to 111b (fOCO-F), set fOCO-F to the clock frequency
higher than the CPU clock frequency.

19.9.4 Count Source Switching

* Stop the count before switching the count source.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

» After switching the count source from fOCO40M to another clock, alow a minimum of two cycles of f1 to
elapse after changing the clock setting before stopping fOCO40M.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

(3) Wait for aminimum of two cycles of f1.

(4) Set the FRAQO bit in the FRAO register to 0 (high-speed on-chip oscillator off).
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* After switching the count source from fOCO-F to fOCO40M, alow a minimum of two cycles of fOCO-F to
elapse after changing the clock setting before stopping fOCO-F.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

(3) Wait for aminimum of two cycles of fOCO-F.

(4) Set the FRAQO bit in the FRAO register to 0 (high-speed on-chip oscillator off).

 After switching the count source from fOCO-F to a clock other than fOCO40M, alow a minimum of one
cycle of fOCO-F + fOCO40M to elapse after changing the clock setting before stopping fOCO-F.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

(3) Wait for aminimum of one cycle of fOCO-F + fOCO40M.

(4) Set the FRAQO bit in the FRAO register to 0 (high-speed on-chip oscillator off).

19.9.5 Input Capture Function

* Set the pulse width of the input capture signal as follows:
[When the digital filter is not used)]
Three or more cycles of the timer RC operation clock (refer to Table 19.1 Timer RC Operation Clock).
[When the digital filter is used)]
Five cycles of the digital filter sampling clock + three cycles of the timer RC operating clock, minimum (refer
to Figure 19.5 Digital Filter Block Diagram)

* The value of the TRC register is transferred to the TRCGRj register one or two cycles of the timer RC
operation clock after the input capture signal is input to the TRCIQj (j = A, B, C, or D) pin (when the digital
filter function is not used).

19.9.6 TRCMR Register in PWM2 Mode

When the CSEL bit in the TRCCR2 register is set to 1 (count stops at compare match with the TRCGRA
register), do not set the TRCMR register at compare match timing of registers TRC and TRCGRA.

19.9.7 Count Source fOCO40M

The count source fOCO40M can be used with supply voltage VCC = 2.7 to 5.5 V. For supply voltage other than
that, do not set bits TCK2 to TCKO0 in the TRCCRL register to 110b (select fOCO40M as the count source).
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20. Timer RE
Timer RE has an 8-bit counter with a 4-bit prescaler.

20.1 Overview
Timer RE has the following 2 modes:

* Real-time clock mode Generate 1-second signal from fC4 and count seconds, minutes, hours, and days of
the week.
* Qutput compare mode Count a count source and detect compare matches.

The count source for timer RE is the operating clock that regulates the timing of timer operations.
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20.2 Real-Time Clock Mode
In real-time clock mode, a 1-second signal is generated from fC4 using a divide-by-2 frequency divider, 4-bit
counter, and 8-bit counter and used to count seconds, minutes, hours, and days of the week. Figure 20.1 shows
aBlock Diagram of Real-Time Clock Mode and Table 20.1 lists the Real-Time Clock Mode Specifications.
Table 20.2 lists the Interrupt Sources, Figure 20.2 shows the Definition of Time Representation and Figure 20.3
shows the Operating Example in Real-Time Clock Mode.

(1/16) (1/256)

fCa . . (1s) Overflow
(8.192kHz) 1/2 4-bit counter 8-bit counter

2 Data bus 2

ﬁ Overflow @ Overflow ﬁ Overflow ﬁ

TRESEC TREMIN TREHR TREWK
register register

register register
000
H12_H24|| PM
bit bit
Timing Timer RE
DYIE control interrupt

HRIE

MNIEj >
L
SEIE

BSY
bit

H12_H24, PM, INT: Bits in TRECRL1 register
SEIE, MNIE, HRIE, DYIE, WKIE: Bits in TRECR?2 register
BSY: Bitin TRESEC, TREMIN, TREHR, TREWK register

INT
bit

Figure 20.1 Block Diagram of Real-Time Clock Mode
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Table 20.1 Real-Time Clock Mode Specifications

Item Specification
Count source fC4
Count operation Increment
Count start condition 1 (count starts) is written to TSTART bit in TRECRL register
Count stop condition 0 (count stops) is written to TSTART bit in TRECRL1 register
Interrupt request generation | Select any one of the following:
timing » Update second data

» Update minute data

» Update hour data

» Update day of week data

* When day of week data is set to 000b (Sunday)

Read from timer When reading TRESEC, TREMIN, TREHR, or TREWK register, the count
value can be read. The values read from registers TRESEC, TREMIN,
and TREHR are represented by the BCD code.

Write to timer When bits TSTART and TCSTF in the TRECRL register are set to 0 (timer
stops), the value can be written to registers TRESEC, TREMIN, TREHR,
and TREWK. The values written to registers TRESEC, TREMIN, and
TREHR are represented by the BCD codes.

Select function 12-hour mode/24-hour mode switch function
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20.2.1 Timer RE Second Data Register (TRESEC) in Real-Time Clock Mode
Address 0118h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| BSY | SC12 | SC1l | SC10 | SC03 | SC02 | SCOl [ SCO00 |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function Setting Range | RIW
b0 SCO00 [1st digit of second count bit Count 0 to 9 every second. When the digit [0 to 9 R/W
bl SC01 moves up, 1 is added to the 2nd digit of |(BCD code) R/W
b2 SC02 second. RIW
b3 SCO03 R/W
b4 SC10 |2nd digit of second count bit |When counting 0 to 5, 60 seconds are Oto5 R/W
b5 SC11 counted. (BCD code) R/W
b6 SC12 R/W
b7 BSY |[Timer RE busy flag This bit is set to 1 while registers TRESEC, TREMIN, R
TREHR, and TREWK are updated

20.2.2 Timer RE Minute Data Register (TREMIN) in Real-Time Clock Mode
Address 0119h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| BSY | MN12 | MN1l1 | MN10 | MNO3 | MNO2 | MNOl [ MNOO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function Setting Range | RIW
b0 MNOO |1st digit of minute count bit Count 0 to 9 every minute. When the digit [0 to 9 R/W
bl MNO1 moves up, 1 is added to the 2nd digit of |(BCD code) R/W
b2 | MNO2 minute. RIW
b3 MNO3 R/W
b4 MN10 |2nd digit of minute count bit When counting 0 to 5, 60 minutes are Oto5 R/W
b5 MN11 counted. (BCD code) R/W
b6 MN12 R/W
b7 BSY |Timer RE busy flag This bit is set to 1 while registers TRESEC, TREMIN, R
TREHR, and TREWK are updated.
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20.2.3 Timer RE Hour Data Register (TREHR) in Real-Time Clock Mode
Address 011Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | BSY | — | HR11 | HR10 | HRO3 | HRO2 | HRO1 | HROO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function Setting Range | R/IW
b0 HROO |[1st digit of hour count bit Count 0 to 9 every hour. When the digit |[0to 9 R/W
bl HRO1 moves up, 1 is added to the 2nd digit of |(BCD code) R/W
b2 HR02 hour. RIW
b3 HRO3 R/W
b4 HR10 |2nd digit of hour count bit Count 0 to 1 w hen the H12_H24 bit is set [0 to 2 R/W
b5 HR11 to 0 (12-hour mode). (BCD code) R/W
Count 0 to 2 w hen the H12_H24 bit is set
to 1 (24-hour mode).
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 BSY |Timer RE busy flag This bit is set to 1 while registers TRESEC, TREMIN, R
TREHR, and TREWK are updated.

20.2.4 Timer RE Day of Week Data Register (TREWK) in Real-Time Clock Mode
Address 011Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| BSY| — | — — | — |WK2|WK1|WKO|
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 WKO |Day of week count bit b2b1 b0 R/W
b1 | ks 000 ey A
b2 WK2 0 1 0: Tuesday RIW
01 1: Wednesday
10 0: Thursday
10 1: Friday
11 0: Saturday
11 1: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 —
b6 —
b7 BSY |Timer RE busy flag This bit is set to 1 while registers TRESEC, TREMIN, R
TREHR, and TREWK are updated.
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20.2.5 Timer RE Control Register 1 (TRECR1) in Real-Time Clock Mode
Address 011Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TSTART |H12_H24| PM | TRERST | INT | — | TCSTF | — |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl TCSTF |Timer RE count status flag 0: Count stopped R
1: Counting
b2 — Reserved bit Set to 0. R/W
b3 INT Interrupt request timing bit Set to 1 in real-time clock mode. R/W
b4 | TRERST |Timer RE reset bit When setting this bit to 0, after setting it to 1, the followings | R/W
will occur.
* Registers TRESEC, TREMIN, TREHR, TREWK, and
TRECR?2 are set to 00h.
* Bits TCSTF, INT, PM, H12_H24, and TSTART in the
TRECRL1 register are set to 0.
« The 8-bit counter is set to 00h and the 4-bit counter is set
to Oh.
b5 PM  |A.m./p.m. bit When the H12_H24 bit is set to 0 (12-hour mode) ) R/IW
0:a.m.
1:p.m.
When the H12_H24 bit is set to 1 (24-hour mode), its value
is undefined.
b6 |H12_H24|Operating mode select bit 0: 12-hour mode R/W
1: 24-hour mode
b7 | TSTART |Timer RE count start bit 0: Count stops R/W
1: Count starts

Note:
1. This bit is automatically modified while timer RE counts.

Noon

H12_H24 bit=1

Contents of (24-hour mode)
TREHR Register [ H12_H24 bit =0
(12-hour mode)

Contents of PM bit 0 (a.m.) 1(p.m.)
Contents in TREWK register 000 (Sunday)

o|1(2]|3|4|5|6|7]|]8]|9(|10|11|12|13|14|15] 16|17

o|j1(2)|3|4|5|6|7]|]8|9|10|12(0]|212|2|3]|]4]|35

Date changes

\

H12_H24 bit=1
Contents of (24-hour mode) 181920 2122|230 | 1| 2|3
TREHR Register [ H12_H24 bit= 0
(12-hour mode) 6 |7|8|]9]10f(11]0(|1(|2]3
Contents of PM bit 1(p.m.) 0 (a.m.)
Contents in TREWK register 000 (Sunday) 001 (Monday)

PM bit and H12_H24 bits: Bits in TRECR1 register
The above applies to the case when count starts from a.m. 0 on Sunday.

Figure 20.2 Definition of Time Representation
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20.2.6 Timer RE Control Register 2 (TRECR2) in Real-Time Clock Mode
Address 011Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | COMIE | WKIE | DYIE | HRIE | MNIE | SEIE |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 SEIE [Periodic interrupt triggered every 0: Disable periodic interrupt triggered every second | R/W
second enable bit (1) 1: Enable periodic interrupt triggered every second
bl MNIE |Periodic interrupt triggered every 0: Disable periodic interrupt triggered every minute | R/W
minute enable bit (1) 1: Enable periodic interrupt triggered every minute
b2 HRIE |Periodic interrupt triggered every 0: Disable periodic interrupt triggered every hour R/W
hour enable bit (1) 1: Enable periodic interrupt triggered every hour
b3 DYIE |Periodic interrupt triggered every 0: Disable periodic interrupt triggered every day R/W
day enable bit (1) 1: Enable periodic interrupt triggered every day
b4 WKIE |Periodic interrupt triggered every 0: Disable periodic interrupt triggered every week R/W
week enable bit (1) 1: Enable periodic interrupt triggered every week
b5 COMIE |[Compare match interrupt enable bit |Set to 0 in real-time clock mode. R/W
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —
Note:
1. Do not set multiple enable bits to 1 (enable interrupt).
Table 20.2  Interrupt Sources
Factor Interrupt Source Interrupt Enable Bit
Periodic interrupt Value in TREWK register is set to 000b (Sunday) WKIE
triggered every week (1-week period)
Periodic interrupt TREWK register is updated (1-day period) DYIE
triggered every day
Periodic interrupt TREHR register is updated (1-hour period) HRIE
triggered every hour
Periodic interrupt TREMIN register is updated (1-minute period) MNIE
triggered every minute
Periodic interrupt TRESEC register is updated (1-second period) SEIE
triggered every second
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20.2.7 Timer RE Count Source Select Register (TRECSR) in Real-Time Clock

Mode
Address 011Eh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — — — RCS3 | RCS2 | RCS1 | RCSO
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 RCSO0 |Count source select bit Set to 00b in real-time clock mode. R/W
bl RCS1 R/W
b2 RCS2 | 4-bit counter select bit Set to 0 in real-time clock mode. R/W
b3 RCS3 | Real-time clock mode select bit Set to 1 in real-time clock mode. R/W
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 282 of 573



R8C/32C Group 20. Timer RE

20.2.8 Operating Example

TREWK register

Set to 0 by acknowledgement

/ of interrupt request U

or a program

i 1s i
: Approx. : : Approx. :
1 62.5ms | 1 62.5ms |
BSY bit
] ]
i {
Bits SC12 to SCO0 in \ "
TRESEC register 58 X; 59 x 00
i i
| |
Bits MN12 to MNOO in ! !
TREMIN register 03 ! 04
Bits HR11 to HROO in H
TREHR register (Not changed) !
i
]
L
PM bit in H
]
TRECRL register (Notchanged) |
1
1
1
Bits WK2 to WKO in (Not changed) i
i
1

IR bit in TREIC register
(when SEIE bit in TRECR2 register is set

to 1 (enable periodic interrupt triggered
every second))

IR bit in TREIC register

(when MNIE bit in TRECR2 register is set
to 1 (enable periodic interrupt triggered
every minute))

BSY: Bit in registers TRESEC, TREMIN, TREHR, and TREWK

Figure 20.3  Operating Example in Real-Time Clock Mode
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20.3 Output Compare Mode

In output compare mode, the internal count source divided by 2 is counted using the 4-bit or 8-bit counter and
compare value match is detected with the 8-bit counter. Figure 20.4 shows a Block Diagram of Output Compare
Mode and Table 20.3 lists the Output Compare Mode Specifications. Figure 20.5 shows the Operating Example

in Output Compare Mode.

RCS1 to RCSO

f4 = OOb
g — =010 oy RCS2=1
O 12 abt S
f32 — =10by counter 8-bit
= counter
fCca 411%
RCS2=0
\J Match
Comparison| Signal
circuit
TRERST: Bit in TRECRL register
COMIE: Bit in TRECR2 register
RCSO to RCS2: Bits in TRECSR register V

| TRESEC | | TREMIN |

g 1

Data bus

COMIE

Timer RE interrupt

Figure 20.4  Block Diagram of Output Compare Mode
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Table 20.3  Output Compare Mode Specifications

Item Specification
Count sources f4, 18, 132, fC4
Count operations e Increment

* When the 8-bit counter content matches with the TREMIN register
content, the value returns to 00h and count continues.
The count value is held while count stops.
Count period *«When RCS2 = 0 (4-bit counter is not used)
1/fix 2 x (n+1)
*When RCS2 = 1 (4-bit counter is used)
1/fi x 32 x (n+1)
fi: Frequency of count source
n: Setting value of TREMIN register

Count start condition 1 (count starts) is written to the TSTART bit in the TRECR1 register

Count stop condition 0 (count stops) is written to the TSTART bit in the TRECR1 register

Interrupt request generation | When the 8-bit counter content matches with the TREMIN register content

timing

Read from timer When reading the TRESEC register, the 8-bit counter value can be read.
When reading the TREMIN register, the compare value can be read.

Write to timer Writing to the TRESEC register is disabled.

When bits TSTART and TCSTF in the TRECR1 register are set to O (timer
stops), writing to the TREMIN register is enabled.
Selectable functions « Select use of 4-bit counter
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Address 0118h

20. Timer RE

Bit b7 b6 b5 b4 b3 b2 bl b0
sympolf — | — | — | = | = [ = | = | = |
After Reset 0 0 0 0 0 0 0 0
Bit Function R/W
b7 to b0 |8-bit counter data can be read. R

Although Timer RE stops counting, the count value is held.
The TRESEC register is set to 00h at the compare match.

20.3.2 Timer RE Compare Data Register (TREMIN) in Output Compare Mode
Address 0119h

Bit b7 b6 b5 b4 b3 b2 bl b0
sympol] — | — | — | — | — | = | = [ — |
After Reset 0 0 0 0 0 0 0 0
Bit Function R/W
b7 to b0|8-hit compare data is stored. R/W

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 286 of 573



R8C/32C

Group

20. Timer RE

20.3.3 Timer RE Control Register 1 (TRECR1) in Output Compare Mode
Address 011Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TSTART |H12_H24| PM | TRERST | INT | — | TCSTF | — |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl TCSTF | Timer RE count status flag 0: Count stopped R
1: Counting
b2 — Reserved bit Setto 0. R/W
b3 INT Interrupt request timing bit Set to 0 in output compare mode. R/W
b4 TRERST | Timer RE reset bit When setting this bit to 0, after setting it to 1, the R/W
following will occur.
¢ Registers TRESEC, TREMIN, TREHR, TREWK,
and TRECR?2 are set to 00h.
e Bits TCSTF, INT, PM, H12_H24, and TSTART in
the TRECRL register are set to 0.
« The 8-bit counter is set to 00h and the 4-bit
counter is set to Oh.
b5 PM A.m./p.m. bit Set to 0 in output compare mode. R/W
b6 | H12_H24 | Operating mode select bit R/W
b7 TSTART | Timer RE count start bit 0: Count stops R/W
1: Count starts
20.3.4 Timer RE Control Register 2 (TRECR2) in Output Compare Mode
Address 011Dh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | COMIE | WKIE | DYIE | HRIE | MNIE | SEIE |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 SEIE | Periodic interrupt triggered every Set to 0 in output compare mode. R/W
second enable bit
bl MNIE | Periodic interrupt triggered every R/W
minute enable bit
b2 HRIE | Periodic interrupt triggered every hour R/W
enable bit
b3 DYIE |Periodic interrupt triggered every day R/W
enable bit
b4 WKIE | Periodic interrupt triggered every R/W
week enable bit
b5 COMIE | Compare match interrupt enable bit | O: Disable compare match interrupt R/W
1: Enable compare match interrupt
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —
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20.3.5 Timer RE Count Source Select

Register (TRECSR) in Output Compare

Mode
Address 011Eh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — — — RCS3 | RCS2 | RCS1 | RCSO
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 RCSO | Count source select bit (1) béb(c)’: 9 R/W
bl RCS1 01 18 R/W
10: 32
11:fC4
b2 RCS2 | 4-bit counter select bit (1) 0: Not used R/W
1: Used
b3 RCS3 | Real-time clock mode select bit Set to 0 in output compare mode. R/W
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
Note:

1. Write to bits RCS0 to RCS2 when the TCSTF bit in the TRECR1 register is set to 0 (count stopped).
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20.3.6 Operating Example

Count starts hed
2o > Matche
S o Matched Matched
2 é TREMIN register ~ ~a ~a
85 setting value
$ E === === ===
E ; ] i
3 .= === === ===
o o ] 1 1
oo
= T
2 g
Ly ;—I ;—, ;—, ;—,
= 00h >

Time
Setto 1 by a program

TSTART bit in
TRECRL register J<_>
2 cytles of maximum count source

TCSTF bit in
TRECRL register

Set to 0 by acknowledgement of interrupt request
or a program

y v | N
TREIC IrF;g?gtg: ] ]

The above applies under the following conditions.
COMIE bit in TRECR2 register = 1 (enable compare match interrupt)

Figure 20.5 Operating Example in Output Compare Mode

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 289 of 573



R8C/32C Group 20. Timer RE

20.4 Notes on Timer RE

20.4.1 Starting and Stopping Count

Timer RE has the TSTART hit for instructing the count to start or stop, and the TCSTF bit, which indicates
count start or stop. Bits TSTART and TCSTF arein the TRECRL register.

Timer RE starts counting and the TCSTF bit is set to 1 (count starts) when the TSTART bit is set to 1 (count
starts). It takes up to 2 cycles of the count source until the TCSTF bit is set to 1 after setting the TSTART bhit to
1. During this time, do not access registers associated with timer RE (1) other than the TCSTF bit.

Also, timer RE stops counting when setting the TSTART bit to O (count stops) and the TCSTF bitissetto 0
(count stops). It takes the time for up to 2 cycles of the count source until the TCSTF hit is set to O after setting
the TSTART bhit to 0. During this time, do not access registers associated with timer RE other than the TCSTF
bit.

Note:
1. Registers associated with timer RE: TRESEC, TREMIN, TREHR, TREWK, TRECR1, TRECRZ2, and
TRECSR.

20.4.2 Register Setting

Write to the following registers or bits when timer RE is stopped.
* Registers TRESEC, TREMIN, TREHR, TREWK, and TRECR2
* BitsH12 H24, PM, and INT in TRECRL1 register

* Bits RCS0 to RCS3 in TRECSR register
Timer RE is stopped when bits TSTART and TCSTF in the TRECRL register are set to O (timer RE stopped).

Also, set all above-mentioned registers and bits (immediately before timer RE count starts) before setting the
TRECR2 register.
Figure 20.6 shows a Setting Example in Real-Time Clock Mode.
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v

| TSTART in TRECR1 =0

> Stop timer RE operation
TCSTF in TRECR1 =07

-/
TREIC « 00h
(disable timer RE interrupt)
, + —
|  TRERSTInTRECR1=1 |
+ \ Timer RE register
and control circuit reset
|  TRERSTInTRECR1=0 | D
Y -
Setting of registers TRECSR, Select clock output
TRESEC, TREMIN, TREHR, \ Select clock source
TREWK, and bits H12_H24, PM, Seconds, minutes, hours, days of week, operating mode
and INT in TRECRL1 register Set a.m./p.m., interrupt timing
J—

v

Setting of TRECR2 | } Select interrupt source

v

Setting of TREIC (IR bit « 0,
select interrupt priority level)

v

TSTART in TRECR1 =1

> Start timer RE operation

Figure 20.6  Setting Example in Real-Time Clock Mode
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20.4.3 Time Reading Procedure of Real-Time Clock Mode

In real-time clock mode, read registers TRESEC, TREMIN, TREHR, and TREWK when time data is updated
and read the PM bit in the TRECRL register when the BSY bit is set to O (not while data is updated).

Also, when reading several registers, an incorrect time will be read if data is updated before another register is
read after reading any register.

In order to prevent this, use the reading procedure shown below.

e Using an interrupt
Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECR1 register in the timer RE interrupt routine.

* Monitoring with aprogram 1
Monitor the IR bit in the TREIC register with a program and read necessary contents of registers TRESEC,
TREMIN, TREHR, and TREWK and the PM bit in the TRECRL1 register after the IR bit in the TREIC register
isset to 1 (timer RE interrupt request generated).

* Monitoring with a program 2

(1) Monitor the BSY bit.

(2) Monitor until the BSY bit is set to O after the BSY bit is set to 1 (approximately 62.5 mswhile the BSY hit
issetto 1).

(3) Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRLI register after the BSY bitissetto 0.

 Using read results if they are the same value twice
(1) Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRL register.
(2) Read the sameregister as (1) and compare the contents.
(3) Recognize as the correct value if the contents match. If the contents do not match, repeat until the read
contents match with the previous contents.
Also, when reading several registers, read them as continuously as possible.
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21. Serial Interface (UARTO)

The serial interface consists of two channels, UARTO, UART2. This chapter describes the UARTO.

21.1 Overview

UARTO has a dedicated timer to generate a transfer clock and operate independently. UARTO supports clock

synchronous serial 1/0 mode and clock asynchronous serial 1/0O mode (UART mode).

Figure 21.1 shows a UARTO Block Diagram. Figure 21.2 shows a Block Diagram of UARTO Transmit/Receive

Unit. Table 21.1 lists the Pin Configuration of UARTO.

UARTO
rRxD0 O ——O TXDO
UART reception .
CLK1and CLKO=00b  CKDIR=0 Reception control] _Receive clock
1 Internal Clock synchronous type |_oi circuit Transmit/
_=01b UOBRG register : receive
f8 =100 © d UART transmission 4 it clock unit
32 mo o Transmission Transmit cloc
fC —o control circuit
External
CKDIR=1
Clock synchronous type CKDIR =0
(internal clock selected
Clock synchronous type _
Clock synchronous type (external clock selected) CKDIR =1
(internal clock selected)
oo
polarity
CLKO switch AN
circuit
CKDIR: Bit in UOMR register
CLKO, CLK1: Bits in UOCO register
Figure 21.1 UARTO Block Diagram
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! Clock
synchronous
By =0 -
1sp disabled Bigi g E:Eg UART (7 bits) UARTO receive register
RXDOO_ O © O © O
PAR enabled
2sp PRYE=1 UART synchronous
type
UART (8 bits)
UART (9 bits)
0otofo!ojojolo}iDs [D7 ! D6 ! D5 D4}D3}D2! DL DO |UORB register
| MSB/LSB conversion circuit |
Data bus high-order bits
I <
Data bus low-order bits
| MSB/LSB conversion circuit |
iD6!D5!D4!D3}D2! D! DO |UOTB register
UART (8 bits)
UART (9 bits)
Clock
PRYE=1 UART (9 bitS) synchronous
25pP PAR enabled UART type
Q Q Q
[sPp{sP S0 0 0 HHHHHH FOm™eo
1SpP PAR UART (7 bits) UART (7 bits) UARTO transmit register
g';?(bE'efj ol ope UART (8 bits)
B SP: Stop bit
Clock p oIt
0 synchronous PAR: Parity bit
type
Figure 21.2 Block Diagram of UARTO Transmit/Receive Unit
Table 21.1  Pin Configuration of UARTO
Pin Name Assigned Pin I/0 Function
TXDO P1 4 Output Serial data output
RXDO P15 Input Serial data input
CLKO P1 6 110 Transfer clock I/O
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21.2 Registers

21.2.1 UARTO Transmit/Receive Mode Register (UOMR)
Address 00AOh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | PRYE | PRY | STPS | CKDIR | SMD2 | SMD1 | SMDO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 SMDO | Serial I/O mode select bit bébé lg Serial intert disabled R/W
b1 SVDI : Serial interface disa e RIW
b3 SVID? 0 0 1: Clock synchronous serial I/O mode BRIV
1 0 0: UART mode, transfer data 7 bits long
10 1: UART mode, transfer data 8 bits long
11 0: UART mode, transfer data 9 bits long
Other than above: Do not set.
b3 CKDIR | Internal/external clock select bit 0: Internal clock R/W
1: External clock
b4 STPS | Stop bit length select bit 0: One stop bit R/W
1: Two stop bits
b5 PRY | Odd/even parity select bit Enabled when PRYE =1 R/W
0: Odd parity
1: Even parity
b6 PRYE | Parity enable bit 0: Parity disabled R/W
1: Parity enabled
b7 — Reserved bit Setto 0. R/W
21.2.2 UARTO Bit Rate Register (UOBRG)
Address 00A1lh
Bit b7 b6 b5 b4 b3 b2 bl b0
smo[ — [ — [ — [ — [ — [ — 1 — [ —
After Reset X X X X X X X X
Bit Function Setting Range R/W
b7 to bO|If the setting value is n, UOBRG divides the count source by n+1. 00h to FFh W

Write to the UOBRG register while transmission and reception stop.
Usethe MOV instruction to write to this register.
Set hits CLKO and CLK 1 in the UOCO register before writing to the UOBRG register.
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21.2.3 UARTO Transmit Buffer Register (UOTB)

Address 00A3h to 00A2h

Bit b7 b6 b5 b4 b3 b2 bl b0
smool — [ — [ — [ — [ — [ — [ — ] =
After Reset X X X X X X X X

Bit b15 b14 b13 bl2 b1l b10 b9 b8
Symbol — — — — — — — —
After Reset X X X X X X X X

Bit Symbol Function R/W
b0 — Transmit data W

bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
b8 —
b9 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b10 —
bl1 —
b12 —
b13 —
bl14 —
b15 —

If the transfer data is 9 bits long, write data to the high-order byte first, then low-order byte of the UOTB
register.
Use the MOV instruction to write to this register.
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21.2.4 UARTO Transmit/Receive Control Register 0 (UOCO)
Address 00A4h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| UFORM | CKPOL | NCH | — | TXEPT | — | CLK1 | CLKO
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 CLKO |BRG count source select bit (1) bébg. (1 selected RIW
bl CLK1 ) R/W

0 1: f8 selected

1 0: f32 selected

1 1: fC selected

b2 — Reserved bit Setto 0. R/W

b3 TXEPT | Transmit register empty flag 0: Data present in the transmit register R
(transmission in progress)

1: No data in the transmit register
(transmission completed)

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b5 NCH | Data output select bit 0: TXDO pin set to CMOS output R/W
1: TXDO pin set to N-channel open-drain output

b6 CKPOL | CLK polarity select bit 0: Transmit data output at the falling edge and receive | R/W

data input at the rising edge of the transfer clock
1: Transmit data output at the rising edge and receive

data input at the falling edge of the transfer clock
b7 UFORM | Transfer format select bit 0: LSB first R/W
1: MSB first

Note:
1. If the BRG count source is switched, set the UOBRG register again.

21.2.5 UARTO Transmit/Receive Control Register 1 (UOC1)
Address 00A5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | UORRM | UOIRS | RI | RE | T | TE
After Reset 0 0 0 0 0 0 1 0
Bit Symbol Bit Name Function R/W
b0 TE Transmit enable bit 0: Transmission disabled R/W
1: Transmission enabled
bl TI Transmit buffer empty flag 0: Data present in the UOTB register R
1: No data in the UOTB register
b2 RE Receive enable bit 0: Reception disabled R/W
1: Reception enabled
b3 RI Receive complete flag () 0: No data in the UORB register R
1: Data present in the UORB register
b4 UOIRS [UARTO transmit interrupt source 0: Transmission buffer empty (Tl = 1) R/W
select bit 1: Transmission completed (TXEPT = 1)
b5 UORRM [ UARTO continuous receive mode 0: Continuous receive mode disabled R/W
enable bit @ 1: Continuous receive mode enabled
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —
Notes:

1. The RI bit is set to 0 when the higher byte of the UORB register is read.
2. In UART mode, set the UORRM bit to 0 (continuous receive mode disabled).
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21.2.6 UARTO Receive Buffer Register (UORB)

Address 00A7h to 00A6h

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — [ — | — | — | — | — | —
After Reset X X X X X X X X
Bit b15 b14 b13 b12 b1l b10 b9 b8
Symbol| SUM PER FER OER — | — | — | —
After Reset X X X X X X X X
Bit Symbol Bit Name Function R/W
b0 — — Receive data (D7 to DO) R
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
b8 — — Receive data (D8) R
b9 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b10 —
b1l —
b12 OER |Overrun error flag (1) 0: No overrun error R
1: Overrun error
b13 FER |Framing error flag (1. 2) 0: No framing error R
1: Framing error
b14 PER |Parity error flag (1. 2) 0: No parity error R
1: Parity error
b15 SUM | Error sum flag 1,2 0: No error R
1: Error
Notes:

1. Bits SUM, PER, FER, and OER are set to 0 (no error) when either of the following is set:
- Bits SMD2 to SMDO in the UOMR register are set to 000b (serial interface disabled), or
- The RE bit in the UOC1 register is set to O (reception disabled)
The SUM bit is set to 0 (no error) when all of bits PER, FER, and OER are set to 0 (no error).
Bits PER and FER are also set to 0 when the high-order byte of the UORB register is read.
When setting bits SMD2 to SMDO in the UOMR register to 000b, set the TE bit in the UOC1 register to 0
(transmission disabled) and the RE bit to O (reception disabled).
2. These error flags are invalid when bits SMD2 to SMDO in the UOMR register are set to 001b (clock synchronous

serial /0O mode). When read, the content is undefined.

Always read the UORB register in 16-bit units.
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21.2.7 UARTO Pin Select Register (UOSR)
Address 0188h

Bit b7 b6 b5 b3 b2 b1l bo
Symbol| — | — | — |CLKOSELO| — [RXDOSELO] — |TXDOSELO

After Reset 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 [TXDOSELO|TXDO pin select bit 0: TXDO pin not used R/W
1: P1_4 assigned

bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b2 |RXDOSELO|RXDO pin select bit 0: RXDO pin not used R/W
1: P1_5 assigned

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 |CLKOSELO|CLKO pin select bit 0: CLKO pin not used R/W
1: P1_6 assigned

b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b6 —

b7 —

The UOSR register selects which pin is assigned to the UARTO 1/0O. To use the I/O pin for UARTO, set this
register.

Set the UOSR register before setting the UARTO associated registers. Also, do not change the setting value in
this register during UARTO operation.
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21.3 Clock Synchronous Serial I/0 Mode

In clock synchronous serial 1/0 mode, datais transmitted and received using a transfer clock.

Table 21.2 lists the Clock Synchronous Serial 1/0 Mode Specifications. Table 21.3 lists the Registers Used and
Settings in Clock Synchronous Serial 1/0 Mode.

Table 21.2  Clock Synchronous Serial /0O Mode Specifications

ltem Specification
Transfer data format « Transfer data length: 8 bits
Transfer clocks » The CKDIR bit in the UOMR register is set to 0 (internal clock): fi/(2(n+1))

fi = f1, 18, 32, fC n = setting value in the UOBRG register: 00h to FFh
» The CKDIR bit is set to 1 (external clock): Input from the CLKO pin
Transmit start conditions |« To start transmission, the following requirements must be met: (1)
- The TE bit in the UOC1 register is set to 1 (transmission enabled).
- The Tl bit in the UOC1 register is set to 0 (data present in the UOTB
register).
Receive start conditions |« To start reception, the following requirements must be met: (1)
- The RE bit in the UOCL1 register is set to 1 (reception enabled).
- The TE bit in the UOC1 register is set to 1 (transmission enabled).
- The Tl bit in the UOC1 register is set to 0 (data present in the UOTB

register).
Interrupt request « For transmission: One of the following can be selected.
generation timing - The UOIRS bit is set to 0 (transmit buffer empty):

When data is transferred from the UOTB register to the UARTO transmit
register (at start of transmission).
- The UOIRS bit is set to 1 (transmission completed):
When data transmission from the UARTO transmit register is completed.
* For reception:
When data is transferred from the UARTO receive register to the UORB
register (at completion of reception).
Error detection « Overrun error (2)

This error occurs if the serial interface starts receiving the next unit of data
before reading the UORB register and receives the 7th bit of the next unit of
data.
Selectable functions « CLK polarity selection
Transfer data input/output can be selected to occur synchronously with the
rising or the falling edge of the transfer clock.
* LSB first, MSB first selection
Whether transmitting or receiving data begins with bit O or begins with bit 7
can be selected.
« Continuous receive mode selection
Reception is enabled immediately by reading the UORB register.

Notes:
1. When an external clock is selected, the requirements must be met in either of the following states:
- The external clock is held high when the CKPOL bit in the UOCO register is set to 0 (transmit data
output at the falling edge and receive data input at the rising edge of the transfer clock)
- The external clock is held low when the CKPOL bit in the UOCO register is set to 1 (transmit data
output at the rising edge and receive data input at the falling edge of the transfer clock)
2. If an overrun error occurs, the receive data (bO to b8) in the UORB register will be undefined.
The IR bit in the SORIC register remains unchanged.
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Table 21.3  Registers Used and Settings in Clock Synchronous Serial I/0 Mode (1)
Register Bit Function
uoTB b0 to b7 Set data transmission.
UORB b0 to b7 Receive data can be read.
OER Overrun error flag
UOBRG b0 to b7 Set a bit rate.
UOMR SMD2 to SMDO Set to 001b.
CKDIR Select the internal clock or external clock.
uoCo CLK1, CLKO Select the count source for the UOBRG register.
TXEPT Transmit register empty flag
NCH Select TXDO pin output mode.
CKPOL Select the transfer clock polarity.
UFORM Select LSB first or MSB first.
uoCl1 TE Set to 1 to enable transmission/reception
TI Transmit buffer empty flag
RE Set to 1 to enable reception.
RI Receive complete flag
UOIRS Select the UARTO transmit interrupt source.
UORRM Set to 1 to use continuous receive mode.
Note:

1. Set the bits not listed in this table to 0 when writing to the above registers in clock synchronous

serial /0 mode.
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Table 21.4 lists the 1/O Pin Functionsin Clock Synchronous Serial 1/0 Mode.
After UARTO operating mode is selected, the TXDO pin outputs a“H” level until transfer starts. (If the NCH bit is
set to 1 (N-channel open-drain output), this pin isin the high-impedance state.)

Table 21.4  1/O Pin Functions in Clock Synchronous Serial I/O Mode
Pin Name Function Selection Method
TXDO (P1_4) Serial data output TXDOSELDO bit in UOSR register = 1
For reception only:
P1_4 can be used as a port by setting TXDOSELO bit = 0.
RXDO (P1_5) |Serial data input RXDOSELO bit in UOSR register =1
PD1 5 bitin PD1 register =0
For transmission only:
P1_5 can be used as a port by setting RXDOSELO bit = 0.
CLKO (P1_6) Transfer clock output | CLKOSELDO bit in UOSR register = 1
CKDIR bit in UOMR register = 0
Transfer clock input | CLKOSELDO bit in UOSR register = 1
CKDIR bit in UOMR register = 1
PD1_6 bitin PD1 register = 0
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» Transmit Timing Example (Internal Clock Selected)
TC

e

Transfer clock

TE bitin
UOC1 register ) . .
Data is set in UOTB register.

Tibitin _CI ' m
UOCL1 register \

Data transfer from UOTB register to UARTO transmit register

TCLK Pulsing stops because TE bit is set to 0.
RN i P

CLKO

DO EDE6ER 0 CEE N E D EEE D
TXEPT bit in
UOCO register

somiC reger
—_— X< _

Set to 0 when an interrupt request is acknowledged or by a program.

The above applies when:

« CKDIR bit in UOMR register = 0 (internal clock) TC :_TCLK =2(n+1)ffi
« CKPOL bit in UOCO register = 0 (transmit data output at the falling edge and fi: Frequency of UOBRG count source (f1, 8, f32, fC)
receive data input at the rising edge of the transfer clock) n: Setting value in UOBRG register

« UOIRS bit in UOC1 register = 0
(interrupt request generation when the transmit buffer is empty)

» Receive Timing Example (External Clock Selected)

RE bitin
UOC1 register

TE bitin
UOC1 register ——
Dummy data is set in UOTB register.
Tibitin S u” 9

UOC1 register q
9 |>_ X

Data transfer from UOTB register to UARTO transmit register

1AEXT

CLKO

Receive data taken in

RXDO

Data transfer from UARTO receive register .
0 UORB regisler\ /Dala read from UORB register

RI bitin
UOC1 register

IR bitin
SORIC register /

Set to 0 by an interrupt request acknowledgement or by a program.

The above applies when:
+ CKDIR bit in UOMR register = 1 (external clock)
« CKPOL bit in UOCO register = 0 (transmit data output at the falling edge and
receive data input at the rising edge of the transfer clock)
The following should be met when “H" is applied to the CLKO pin before receiving data:
« TE bit in UOC1 register = 1 (transmission enabled)
« RE bit in UOC1 register = 1 (reception enabled)
« Dummy data is written to UOTB register

fEXT: Frequency of external clock

Figure 21.3  Transmit and Receive Timing in Clock Synchronous Serial /0 Mode
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21.3.1 Measure for Dealing with Communication Errors

If communication is aborted or a communication error occurs while transmitting or receiving in clock
synchronous serial 1/0 mode, follow the procedures bel ow:

(1) SettheTE bitinthe UOC1 register to O (transmission disabled) and the RE bit to O (reception disabled).
(2) Set bits SMD2 to SMDO in the UOMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UOMR register to 001b (clock synchronous seria 1/0O mode).

(4) Setthe TE bitin the UOC1 register to 1 (transmission enabled) and the RE bit to 1 (reception enabled).
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21.3.2 Polarity Select Function

Figure 21.4 shows the Transfer Clock Polarity. Use the CKPOL bit in the UOCO register to select the transfer
clock polarity.

« CKPOL bit in UOCO register = 0 (transmit data output at the falling edge and
receive data input at the rising edge of the transfer clock)

CLKO @

L 3 3 EVED E3 ED £ &
woo W oo X o X o2 W o X o X o5 Y o5 X o7

* CKPOL bit in UOCO register = 1 (transmit data output at the rising edge and
receive data input at the falling edge of the transfer clock)

CLKO @

TXDO

RXDO ><D0>< Dl><D2>< D3

Notes:
1. The CLKO pin level is high during no transfer.
2. The CLKO pin level is low during no transfer.

X
X

Figure 21.4  Transfer Clock Polarity

21.3.3 LSB First/MSB First Select Function
Figure 21.5 shows the Transfer Format. Use the UFORM bit in the UOCO register to select the transfer format.

* UFORM bit in UOCO register = 0 (LSB first) ®

wo | L LI LI L LT
D €D 9 € 3 0 D &2
moe X oo X o W o2 X o X or W o5 X oe X o
« UFORM bit in UOCO register = 1 (MSB first) @

o | L L L LU
CED €D 3 0 3 ) ER &Y
RXDO XonoeanXmXoonszXoo
1" The above applies when:

CKPOL bit in UOCO register = 0 (transmit data output at the falling edge and
receive data input at the rising edge of the transfer clock).

D4 D5 D6 D7

D4 D3 D2 D1 DO

Figure 21.5  Transfer Format
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21.3.4 Continuous Receive Mode

Continuous receive mode is selected by setting the UORRM bit in the UOC1 register to 1 (continuous receive
mode enabled). In this mode, reading the UORB register setsthe Tl bit in the UOC1 register to O (data present in
the UOTB register). If the UORRM bit is set to 1, do not write dummy data to the UOTB register by a program.
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21.4 Clock Asynchronous Serial I/0O (UART) Mode

The UART mode allows data transmission and reception after setting the desired bit rate and transfer data format.
Table 21.5 liststhe UART Mode Specifications. Table 21.6 lists the Registers Used and Settingsin UART Mode.

Table 21.5 UART Mode Specifications

ltem Specification
Transfer data formats « Character bits (transfer data): Selectable among 7, 8 or 9 bits
* Start bit: 1 bit
* Parity bit: Selectable among odd, even, or none
» Stop bits: Selectable among 1 or 2 bits
Transfer clocks » The CKDIR bit in the UOMR register is set to 0 (internal clock): fj/(16(n+1))
fj = f1, 18, 32, fC n = setting value in the UOBRG register: 00h to FFh
* The CKDIR bit is set to 1 (external clock): fEXT/(16(n+1))
fEXT: Input from the CLKO pin,
n = setting value in the UOBRG register: 00h to FFh
Transmit start conditions « To start transmission, the following requirements must be met:
- The TE bit in the UOC1 register is set to 1 (transmission enabled).
- The TI bit in the UOC1 register is set to 0 (data present in the UOTB
register).
Receive start conditions * To start reception, the following requirements must be met:
- The RE bit in the UOC1 register is set to 1 (reception enabled).
- Start bit detection
Interrupt request « For transmission: One of the following can be selected.
generation timing - The UOIRS bit is set to 0 (transmit buffer empty):
When data is transferred from the UOTB register to the UARTO transmit
register (at start of transmission).
- The UOIRS bit is set to 1 (transfer completed):
When data transmission from the UARTO transmit register is completed.
* For reception:
When data is transferred from the UARTO receive register to the UORB
register (at completion of reception).
Error detection « Overrun error (1)
This error occurs if the serial interface starts receiving the next unit of data
before reading the UORB register and receive the bit one before the last
stop bit of the next unit of data.
» Framing error
This error occurs when the set number of stop bits is not detected. (2)
* Parity error
This error occurs when parity is enabled, and the number of 1's in the
parity and character bits do not match the set number of 1's. (2)

* Error sum flag
This flag is set to 1 if an overrun, framing, or parity error occurs.

Notes:
1. If an overrun error occurs, the receive data (b0 to b8) in the UORB register will be undefined.
The IR bit in the SORIC register remains unchanged.
2. The framing error flag and the parity error flag are set to 1 when data is transferred from the UARTO
receive register to the UORB register.
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Table 21.6  Registers Used and Settings in UART Mode

Register Bit Function
uoTB b0 to b8 Set transmit data. (1)
UORB b0 to b8 Receive data can be read. (2)
OER,FER,PER,SUM | Error flag
UOBRG b0 to b7 Set a bit rate.
UOMR SMD2 to SMDO Set to 100b when transfer data is 7 bits long.
Set to 101b when transfer data is 8 bits long.
Set to 110b when transfer data is 9 bits long.
CKDIR Select the internal clock or external clock.
STPS Select the stop bit.
PRY, PRYE Select whether parity is included and whether odd or even.
uocCo CLKO, CLK1 Select the count source for the UOBRG register.
TXEPT Transmit register empty flag
NCH Select TXDO pin output mode.
CKPOL Setto O.
UFORM Select LSB first or MSB first when transfer data is 8 bits long.
Set to 0 when transfer data is 7 bits or 9 bits long.
uoC1 TE Set to 1 to enable transmission.
TI Transmit buffer empty flag
RE Set to 1 to enable reception.
RI Receive complete flag
UOIRS Select the UARTO transmit interrupt source.
UORRM Setto 0.

Notes:

1. The bits used for transmission/receive data are as follows:
- Bits b0 to b6 when transfer data is 7 bits long
- Bits b0 to b7 when transfer data is 8 bits long
- Bits b0 to b8 when transfer data is 9 bits long

2. The contents of the following are undefined:
- Bits 7 and 8 when the transfer data is 7 bits long
- Bit 8 when the transfer data is 8 bits long
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Table 21.7 lists the 1/O Pin Functionsin UART Mode.
After the UARTO operating mode is selected, the TXDO pin outputsa“H” level until transfer starts. (If the NCH bit
isset to 1 (N-channel open-drain output), this pin isin the high-impedance state.)

Table 21.7 1/0 Pin Functions in UART Mode

Pin name Function Selection Method
TXDO (P1_4) Serial data output TXDOSELDO bit in UOSR register = 1
For reception only:
P1 4 can be used as a port by setting TXDOSELDO bit = 0.
RXDO (P1_5) |Serial data input RXDOSELQO bit in UOSR register = 1
PD1_5 bit in PD1 register =0
For transmission only:
P1 5 can be used as a port by setting RXDOSELDO bit = 0.
CLKO (P1_6) Programmable 1/0 port | CLKOSELDO bit in UOSR register = 0 (CLKO pin not used)
Transfer clock input CLKOSELDO bit in UOSR register = 1
CKDIR bit in UOMR register = 1
PD1 6 bitin PD1 register =0
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Transfer clock
TE bitin
UOCL register

Tl bitin
UOC1 register

TXDO

TXEPT bitin
UOCO register

IR bitin
SOTIC register

Transfer clock

Tl bitin
UOC1 register

TXDO

TXEPT bitin
UOCO register

IR bitin
SOTIC register

« Transmit Timing Example When Transfer Data 8 Bits is Long (Parity Enabled, One Stop Bit)

TC

L

puuuiviiutiiruiviviiudy vdigt

/Data is set in UOTB register.

Data transfer from UOTB register to

UARTO transmit register

Start Parity Stop
bit bit  bit

ST

J

| -

T
Pulsing stops because TE bit is set to 0.
1

o
<

ST| DO) D1

The above applies when:

« PRYE bit in UOMR register = 1 (parity enabled)
« STPS bhit in UOMR register = 0 (one stop bit)
« UOIRS bit in UOC1 register = 1
(interrupt request generation when transmission is completed)

« Transmit Timing Example When Transfer Data is 9 Bits Long (Parity Disabled, Two Stop Bits)

TC

e

[ I

N

Set to 0 when an interrupt request is acknowledged or by a program.

TC=16(n+1)/fjor 16 (n + 1) / fEXT
fj: Frequency of UOBRG count source (f1, f8, f32, fC)
fEXT: Frequency of UOBRG count source (external clock)
n: Setting value in UOBRG register

N

Uty UL
—

TE bitin
UOC1 register J

Data is set in UOTB register.

]

Data transfer from UOTB register to

;QFTO transmit register Stop Stop
< bit  bit
bit

.
o[ o e e o

o

o

o[ AN e

T~

Set to 0 when an interrupt request is acl

The above applies when:
« PRYE bit in UOMR register = 0 (parity disabled)
« STPS bit in UOMR register = 1 (two stop bits)
« UOIRS bit in UOC1 register = 0
(interrupt request generation when the transmit buffer is empty)

] R
—

knowledged or by a program.

TC =16 (n+1)/fjor16 (n+ 1) /fEXT
fi: Frequency of UOBRG count source (f1, 8, {32, fC)
fEXT: Frequency of UOBRG count source (external clock)
n: Setting value in UOBRG register

Figure 21.6

Transmit Timing in UART Mode
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* Receive Timing Example When Transfer Data is 8 Bits Long (Parity Disabled, One Stop Bit)

UOBRG output

RE bitin T U
UOC1 register

RXDO

Stop bit
o —— R
DO XD1 D7) \
O —_———— ————

Receive data taken in

Start bit /<

O

“L” is determined.

Transfer clock

Reception starts when a transfer clock is Data transfer from UARTO receive register to UORB register
generated at the falling edge of the start bit. \

RI bitin

UOCL1 register PN [
IR bitin

SORIC register —— ——-

et

Set to 0 when an interrupt request is acknowledged or by a program.

The above applies when :
* PRYE bit in UOMR register = 0 (parity disabled)
« STPS bit in UOMR register = 0 (one stop bit)

Figure 21.7 Receive Timing in UART Mode
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21.4.1 Bit Rate
In UART mode, the bit rate is the frequency divided by the UOBRG register and divided by 16.

Setting value in UOBRG register =

Setting value in UOBRG register

UART mode

« Internal clock selected

fji: Count source frequency of UOBRG register (f1, f8, f32, or fC)

« External clock selected

fi

Bit Rate x 16

fEXT

Bit Rate x 16

-1

fEXT: Count source frequency of UOBRG register (external clock)

Figure 21.8 Formula for Calculating Setting Value in UOBRG Register
Table 21.8  Bit Rate Setting Example in UART Mode (Internal Clock Selected)
- UOBRG System Clock = 20 MHz System Clock = 18.432 MHz (1) System Clock = 8 MHz
BitRate || '~ '\t | UOBRG Actual | Setting| UOBRG Actual | Setting] UOBRG Actual | Setting
©ps) |l source | Setting Time Error | Setting Time Error | Setting Time Error
Value (bps) (%) Value (bps) (%) Value (bps) (%)
1200 f8 129 (81h) 1201.92 0.16| 119 (77h) 1200.00 0.00| 51 (33h) 1201.92 0.16
2400 8 64 (40h) 2403.85 0.16| 59 (3Bh) 2400.00 0.00| 25 (19h) 2403.85 0.16
4800 f8 32 (20h) 4734.85| -1.36] 29 (1Dh) 4800.00 0.00| 12 (0Ch) 4807.69 0.16
9600 f1  [129(81h)| 9615.38] 0.16[119 (77h)| 9600.00] 0.00| 51 (33n) 9615.38| 0.16
14400 fl 86 (56h) 14367.82| -0.22]| 79 (4Fh) 14400.00 0.00| 34 (22h) 14285.71| -0.79
19200 fl 64 (40h) 19230.77 0.16| 59 (3Bh) 19200.00 0.00| 25 (19h) 19230.77 0.16
28800 fi 42 (2Ah) 29069.77 0.94| 39 (27h) 28800.00 0.00| 16 (10h) 29411.76 2.12
38400 fl 32 (20h) 37878.79| -1.36( 29 (1Dh) | 38400.00 0.00| 12 (0Ch) 38461.54 0.16
57600 fl 21 (15h) 56818.18| -1.36| 19 (13h) 57600.00 0.00| 8(08h) 55555.56| -3.55
115200 f1 10 (OAh) | 113636.36| -1.36| 9(09h) | 115200.00| 0.00 - - -
Note:

1. For the high-speed on-chip oscillator, the correction value in the FRA4 register should be written into the FRA1
register and the correction value in the FRADS register should be written into the FRA3 register.
This applies when the high-speed on-chip oscillator is selected as the system clock and bits FRA22 to FRA20
in the FRAZ2 register are set to 000b (divide-by-2 mode). For the precision of the high-speed on-chip oscillator,
refer to 31. Electrical Characteristics.
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21.4.2 Measure for Dealing with Communication Errors

If communication is aborted or a communication error occurs while transmitting or receiving in clock
synchronous serial 1/0 mode, follow the procedures bel ow:

(1) SettheTE bitinthe UOC1 register to O (transmission disabled) and the RE bit to O (reception disabled).
(2) Set bits SMD2 to SMDO in the UOMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UOMR register to 001b (clock synchronous seria 1/0O mode).

(4) Setthe TE bitin the UOC1 register to 1 (transmission enabled) and the RE bit to 1 (reception enabled).
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21.5 Notes on Serial Interface (UARTO)

* When reading data from the UORB register either in clock synchronous serial 1/0 mode or in clock asynchronous

serial 1/0 mode, aways read datain 16-bit units.
When the high-order byte of the UORB register is read, bits PER and FER in the UORB register and the RI bit in

the UOC1 register are set to 0.
To check receive errors, read the UORB register and then use the read data.

Program example to read the receive buffer register:
MOV.W 00A6H,RO ; Read the UORB register

* When writing data to the UOTB register in clock asynchronous seria 1/0O mode with 9-bit transfer data length,
write data to the high-order byte first and then the low-order byte, in 8-bit units.

Program example to write to the transmit buffer register:
MOV.B #XXH,00A3H ; Writeto the high-order byte of the UOTB register
MOV.B #XXH,00A2H ; Writeto the low-order byte of the UOTB register
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22. Serial Interface (UART?2)
The serial interface consists of three channels, UARTO to UART2. This chapter describes the UART2.

22.1 Overview

UART?2 has a dedicated timer to generate a transfer clock.
Figure 22.1 shows a UART2 Block Diagram. Figure 22.2 shows a Block Diagram of UART2 Transmit/Receive
Unit. Table 22.1 lists the Pin Configuration of UART2.

UART?2 has the following modes:

* Clock synchronous seria 1/0 mode

* Clock asynchronous seria 1/0 mode (UART mode)
« Special mode 1 (12C mode)

» Multiprocessor communication function

DF2EN =1
Digital filter o
RXD2 ()—e
DF2EN =0
TXD TXD2
RXD polarity polarity
switching circuit [ | switching ()
UART reception SMD2 to SMDO creut
Receive
) 116 = 0105, 1005, 101b, 1100 | ., | | Reception clock .
Clock source selection = control circuit Transmit/
CLK1 to CLKO =00167C | receive
- CKDIR i
“ ;g(zg CI(()DIR iriemal %29?55 Clock synchronous type : unit
—_ = T
; 3fg ST o O | U(nel 16 UART transmission | | Transmit
fc—% o (n+1) |4 =005, 1016, 1106 § I, | | Transmission| | clock
CKDIR e = 001b, 0106 o control circuit
B gﬁgﬁ Clock synchronous type
Clock synchronous type
(internal clock selected)
12 CKDIR=0 \O
CKDIR=1]
Clock synchronous type
Clock synchronous type (external clock selected)
CKPOL (internal clock selected)
o )y
polarity
CLK2 G switching AN
circuit
CTS/RTS disabled
CTS/RTS selected RTS2
[ — o
CTS2/RTS2 CRS=1 RN
CRS=0 CRD =0 CTS/RTS disabled -
—Fa CTs2
CRD=1
VSS
SMD2 to SMDO, CKDIR: Bits in U2MR register n: Setting value in U2BRG register
CLK1, CLKO, CKPOL, CRD, CRS: Bits in U2CO0 register
DF2EN: Bit in URXDF register

Figure 22.1 UART2 Block Diagram
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RXD2 1OPOL = 0 Not inverted
~ RXDdata
inversion circuit IOPOL =1
Inverted
* Clock
'synchronous type
UART
(7 bits)
12c ART
PAR Clock (8 bits) )
deabed Symchronous UART (7 bits) UART2 receive register
Sl oot o
~ ' UART
enabled UART Clock
(9 bits) synchronous
ype yart
(8 bits)
UART
(9 bits)
oiofofofo{o o ]Ds D7 | D6 D5 D4 | D3| D2 D1} Do | YR8
i i i i i i ! ! i i i i | ] register
Tl
’ ‘ Logic inversion circuit + MSB/LSB conversion circuit‘
Data bus high-order bits
[
Data bus low-order bits
<>
‘ Logic inversion circuit + MSB/LSB conversion circuit‘
T
; ! i i {/ i ! ! u2TB
(D8 | D7 | D6 | D5 {D4 {D3 D2 D1 |DO | 218,
UART
(8 bits)
UART
(9 bits)
12C 2
UART 1’C
PAR (9 bits) Clock
2SP enabled UART synchronous type
STPS=1 PRYE=1 SMD:lO
o
7SOMD = 0—0/04 o o
ﬁi!f‘ 1’C UART2 transmit register
disabled  Clock UART )
synchronous (7 bits) UART (7 bits)
UART
type (8 bits)
g/?}((::‘rﬁronous ype UZERlEErr:o:)signaI output disabled Not inverted TXD2
Error signal TXD data
. A output inversion
giRSg)gr%I/t bit U2ERE = 1 Cirouit IOPOL = 1 circuit
g - . Ei ignal bled  Inverted
SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: Bits in U2MR register rror signal output enable
CLK1, CLKO, CKPOL, CRD, CRS: Bits in U2CO register
U2ERE: Bit in U2C1 register

Figure 22.2 Block Diagram of UART2 Transmit/Receive Unit

Table 22.1  Pin Configuration of UART2

Pin Name Assigned Pin 110 Function
TXD2 P3 40rP3 7 Output | Serial data output
RXD2 P3 4,P3 7,0rP4 5 Input | Serial data input

CLK2 P3 5 /0 Transfer clock I/O
CTS2 P3_3 Input | Transmit control input
RTS?2 P3 3 Output | Receive control input
SCL2 P3_4,P3_7,0rP4_ 5 I/O I2C mode clock 1/0
SDA2 P3 40rP3 7 110 I12C mode data 1/0
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22.2 Registers

22.2.1 UART2 Transmit/Receive Mode Register (U2MR)
Address 00A8h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | IOPOL | PRYE | PRY | STPS | CKDIR | SMD2 | SMD1 | SMDO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 SMDO | Serial I/O mode select bit bébé lg Serial intert disabled R/W
b1 SVDI : Serial interface disa e RIW
b3 SVID? 0 0 1: Clock synchronous serial I/O mode BRIV
01 0: 12C mode
1 0 0: UART mode, transfer data 7 bits long
10 1: UART mode, transfer data 8 bits long
11 0: UART mode, transfer data 9 bits long
Other than above: Do not set.
b3 CKDIR | Internal/external clock select bit 0: Internal clock R/W
1: External clock
b4 STPS | Stop bit length select bit 0: One stop bit R/W
1: Two stop bits
b5 PRY | Odd/even parity select bit Enabled when PRYE =1 R/W
0: Odd parity
1: Even parity
b6 PRYE | Parity enable bit 0: Parity disabled R/W
1: Parity enabled
b7 IOPOL | TXD, RXD I/O polarity switch bit 0: Not inverted R/W
1: Inverted
22.2.2 UART2 Bit Rate Register (U2BRG)
Address 00A9h
Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — [ — 1 — [ —
After Reset X X X X X X X X
Bit Function Setting Range R/W
b7 to bO|If the setting value is n, U2BRG divides the count source by n+1. 00h to FFh w

Write to the U2BRG register while transmission and reception stop.
Use the MOV instruction to write to this register.
Set hits CLK 1 to CLKO in the U2CO register before writing to the U2BRG register.
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22.2.3 UART2 Transmit Buffer Register (U2TB)
Address 00ABh to 00AAh

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — [ — 1 - [ -
After Reset X X X X X X X X
Bit  bil5 b14 b13 b12 b1l b10 b9 b8
Symbol — — | — | — | — — — MPTB
After Reset X X X X X X X X
Bit Symbol Function R/W
b0 — Transmit data (D7 to DO) w
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
b8 MPTB Transmit data (D8) () W
[When the multiprocessor communication function is not used]
Transmit data (D8)
[When the multiprocessor communication function is used]
* To transfer an ID, set the MPTB bit to 1.
* To transfer data, set the MPTB bit to O.
b9 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b10 —
b1l —
b12 —
b13 —
b14 —
b15 —
Note:

1. Set bits b0 to b7 after setting the MPTB bit.
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22.2.4 UART2 Transmit/Receive Control Register 0 (U2CO0)
Address 00ACh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| UFORM | CKPOL | NCH | CRD | TXEPT | CRS | CLK1 | CLKO
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 CLKO [U2BRG count source b1 b0 R/W

0 0: f1 selected
0 1: f8 selected
1 0: f32 selected
1 1: fC selected
b2 CRS | CTS/RTS function select bit Enabled when CRD =0 RIW
0: CTS function selected
1: RTS function selected
b3 TXEPT | Transmit register empty flag 0: Data present in the transmit register R
(transmission in progress)
1: No data in the transmit register
(transmission completed)

bl CLK1 |select bit (1) R/W

b4 CRD | CTS/RTS disable bit 0: CTS/RTS function enabled RIW
1: CTS/RTS function disabled
b5 NCH | Data output select bit 0: Pins TXD2/SDA2, SCL2 set to CMOS output R/W
1: Pins TXD2/SDA2, SCL2 set to N-channel open-drain
output
b6 CKPOL | CLK polarity select bit 0: Transmit data output at the falling edge and receive | R/W

data input at the rising edge of the transfer clock
1: Transmit data output at the rising edge and receive

data input at the falling edge of the transfer clock
b7 | UFORM | Transfer format select bit (2) 0: LSB first R/W
1: MSB first

Notes:
1. If bits CLK1 to CLKO are switched, set the U2BRG register again.
2. The UFORM bit is enabled when bits SMD2 to SMDO in the U2MR register are set to 001b (clock synchronous
serial I/0 mode), or set to 101b (UART mode, transfer data 8 bits long).
Set the UFORM bit to 1 when bits SMD2 to SMDO are set to 010b (12C mode), and to 0 when bits SMD2 to SMDO
are set to 100b (UART mode, transfer data 7 bits long) or 110b (UART mode, transfer data 9 bits long).
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22.2.5 UART2 Transmit/Receive Control Register 1 (U2C1)
Address 00ADhO

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | U2ERE | U2LCH | U2RRM | U2IRS | RI | RE | Tl | TE
After Reset 0 0 0 0 0 0 1 0
Bit Symbol Bit Name Function R/W
b0 TE Transmit enable bit 0: Transmission disabled R/W
1: Transmission enabled
bl TI Transmit buffer empty flag 0: Data present in the U2TB register R
1: No data in the U2TB register
b2 RE Receive enable bit 0: Reception disabled R/W
1: Reception enabled
b3 RI Receive complete flag 0: No data in the U2RB register R
1: Data present in the U2RB register
b4 U2IRS |[UART2 transmit interrupt source 0: Transmit buffer empty (Tl = 1) R/W
select bit 1: Transmission completed (TXEPT = 1)
b5 U2RRM [ UART?2 continuous receive mode 0: Continuous receive mode disabled R/W
enable bit 1: Continuous receive mode enabled
b6 U2LCH | Data logic select bit () 0: Not inverted R/W
1: Inverted
b7 U2ERE | Error signal output enable bit 0: Output disabled R/W
1: Output enabled
Note:

1. The U2LCH bit is enabled when bits SMD2 to SMDO in the U2MR register are set to 001b (clock synchronous
serial I/O mode), 100b (UART mode, transfer data 7 bits long), or 101b (UART mode, transfer data 8 bits long).
Set the U2LCH bit to 0 when bits SMD2 to SMDO are set to 010b (I2C mode) or 110b (UART mode, transfer data

9 bits long).
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22.2.6 UART2 Receive Buffer Register (U2RB)
Address 00AFh to OOAEh

Bit b7 b6 b5 b4 b3 b2 bl b0
smo[ — [ — [ — [ — [ — [ — ] — [ =
After Reset X X X X X X X X
Bit b15 b14 b13 b12 b1l b10 b9 b8
Symbol| SUM PER FER OER — | — | — | MPRB
After Reset X X X X X X X X
Bit Symbol Bit Name Function R/W
b0 — — Receive data (D7 to DO) R
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
b8 MPRB |— Receive data (D8) () R
[When the multiprocessor communication function is
not used]
Receive data (D8)
[When the multiprocessor communication function is
used]
* When the MPRB bit is set to 0, received DO to D7
are data fields.
» When the MPRB bit is set to 1, received DO to D7
are ID fields.
b9 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b10 —
bl1 — Reserved bit Setto 0. R/W
b12 OER Overrun error flag (1) 0: No overrun error R
1: Overrun error
b13 FER Framing error flag 1,2 0: No framing error R
1: Framing error
b14 PER Parity error flag (1. 2) 0: No parity error R
1: Parity error
b15 SUM Error sum flag 1,2 0: No error R
1: Error
Notes:

1. When bits SMD2 to SMDO in the U2MR register are set to 000b (serial interface disabled) or the RE bit in the
U2C1 register is set to 0 (reception disabled), all of bits SUM, PER, FER, and OER are set to 0 (no error). The
SUM bit is set to 0 (no error) when all of bits PER, FER, and OER are set to 0 (no error). Bits PER and FER are
set to 0 by reading the lower byte of the U2RB register.

When setting bits SMD2 to SMDO in the U2MR register to 000b, set the TE bit in the U2C1 register to 0
(transmission disabled) and the RE bit to O (reception disabled).

2. These error flags are disabled when bits SMD2 to SMDO in the U2MR register are set to 001b (clock

synchronous serial I/O mode) or to 010b (I2C mode). When read, the content is undefined.

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 321 of 573



R8C/32C Group 22. Serial Interface (UART2)

22.2.7 UART2 Digital Filter Function Select Register (URXDF)
Address 00BOh

Bit b7 b6 b5 b4 b3 b2 bl b0

sympol| — | — | — | — | — [|DREN| — | —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl —
b2 DF2EN |RXD2 digital filter enable bit (1) 0: RXD2 digital filter disabled R/W

1: RXD2 digital filter enabled
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 —
b6 —
b7 —
Note:

1. The RXD2 digital filter can be used only in clock asynchronous serial /0 (UART) mode. When bits SMD2 to
SMDO in the U2MR register are set to 001b (clock synchronous serial I/O mode) or 010b (I2C mode), set the
DF2EN bit to 0 (RXD2 digital filter disabled).

22.2.8 UART2 Special Mode Register 5 (U2SMR5)
Address 00BBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol|—|—|—|MPIE|—|—|— MP
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 MP Multiprocessor communication 0: Multiprocessor communication disabled R/W
enable bit 1: Multiprocessor communication enabled (1)
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b2 —
b3 —
b4 MPIE |Multiprocessor communication This bit is enabled when the MP bit is setto 1 R/W
control bit (multiprocessor communication enabled).
When the MPIE bit is set to 1, the following will
result:
* Receive data in which the multiprocessor bit is 0
is ignored. Setting of the RI bit in the U2C1
register and bits OER and FER in the U2RB
register to 1 is disabled.
« On receiving receive data in which the
multiprocessor bitis 1, the MPIE bitis setto 0 and
receive operation other than multiprocessor
communication is performed.
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 —
b7 — Reserved bit [Setto 0. R/W
Note:

1. When the MP bit is set to 1 (multiprocessor communication enabled), the settings of bits PRY and PRYE in the
U2MR register are disabled. If bits SMD2 to SMDO in the U2MR register are set to 001b (clock synchronous
serial I/0 mode), set the MP bit to 0 (multiprocessor communication disabled).
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22.2.9 UART2 Special Mode Register 4 (U2SMR4)
Address 00BCh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| SWC9 | SCLHI [ ACKC | ACKD [STSPSEL|STPREQ |RSTAREQ|STAREQ|
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
bO | STAREQ |Start condition generate bit (1) 0: Clear R/W
1: Start
bl |RSTAREQ |Restart condition generate bit (1) 0: Clear R/W
1: Start
b2 | STPREQ |Stop condition generate bit (1) 0: Clear R/W
1: Start
b3 | STSPSEL |SCL, SDA output select bit 0: Start and stop conditions not output R/W
1: Start and stop conditions output
b4 ACKD |ACK data bit 0: ACK R/W
1: NACK
b5 ACKC |ACK data output enable bit 0: Serial interface data output R/W
1: ACK data output
b6 SCLHI |SCL output stop enable bit 0: Disabled R/W
1: Enabled
b7 SWC9 |SCL wait bit 3 0: SCL “L” hold disabled R/W
1: SCL “L” hold enabled

Note:
1. This bit is set to 0 when each condition is generated.

22.2.10 UART2 Special Mode Register 3 (U2SMR3)
Address 00BDh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | DL2 | DL1 | DLO | — | NODC | — | CKPH —
After Reset 0 0 0 X 0 X 0 X
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
bl CKPH |Clock phase set bit 0: No clock delay R/W
1: With clock delay
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b3 NODC |Clock output select bit 0: CLK2 set to CMOS output R/W
1: CLK2 set to N-channel open-drain output
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b5 DLO igi it (1.2 b7 b6 b5 R/W
SDAZ digital delay setup bit 0.0 0 No delay
b6 DL1 R/W
b7 D2 00 1: 1 to 2 cycle(s) of U2BRG count source BRIV
01 0: 2 to 3 cycles of U2BRG count source
01 1: 3to 4 cycles of U2BRG count source
10 0: 4 to 5 cycles of U2BRG count source
10 1: 5to 6 cycles of U2BRG count source
110:6to 7 cycles of U2BRG count source
11 1:7to 8 cycles of U2BRG count source
Notes:

1. Bits DL2 to DLO are used to generate a delay in SDA2 output digitally in 12C mode. In other than 12C mode, set
these bits to 000b (no delay).

2. The amount of delay varies with the load on pins SCL2 and SDA2. When an external clock is used, the amount
of delay increases by about 100 ns.
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22.2.11 UART2 Special Mode Register 2 (U2SMR2)

Address 00BEh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | SDHI | SWC2 | STAC | — | SWC | CSC [ICM2
After Reset X 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IICM2  [I12C mode select bit 2 Refer to Table 22.12 12C Mode Functions. R/W
bl CSC |[Clock synchronization bit 0: Disabled R/W
1: Enabled
b2 SWC |SCL wait output bit 0: Disabled R/W
1: Enabled
b3 — Reserved bit Setto 0. R/W
b4 STAC |UART?2 initialization bit 0: Disabled R/W
1: Enabled
b5 SWC2 |SCL wait output bit 2 0: Transfer clock R/W
1: “L" output
b6 SDHI |SDA output disable bit 0: Enabled R/W
1: Disabled (high-impedance)
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
22.2.12 UART2 Special Mode Register (U2SMR)
Address 00BFh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — — | BBS — [ICM
After Reset X 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IICM  [12C mode select bit 0: Other than 12C mode R/W
1: 12C mode
bl — Reserved bit Set to 0. R/W
b2 BBS |Bus busy flag %) 0: Stop condition detected R/W
1: Start condition detected (busy)
b3 — Reserved bits Set to 0. R/W
b4 —
b5 —
b6 —
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
Note:

1. The BBS bit is set to 0 by writing 0 by a program (Writing 1 has no effect).

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS

Page 324 of 573




R8C/32C Group

22. Serial Interface (UART2)

22.2.13 UART2 Pin Select Register 0 (U2SR0)

Address 018Ah
Bit b7

b6 b5 b4 b3 b2 bl b0

Symbol | —

|RXD2$EL1|RXD25ELO|

TXD2SEL1|TXD2SELO

After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TXD2SELO | TXD2/SDAZ2 pin select bit bébg TXD2/SDA2 pin not used R/W
bl |TXD2SELL 0 1: P3_7 assigned RIW
1 0: P3_4 assigned
1 1: Do not set.
b2 — Reserved bit Setto 0. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 |RXD2SELO|RXD2/SCL2 pin select bit bgbg_ RXD2/SCL2 pin not used R/W
bS | RXD2SELL 0 1: P3_4 assigned RIW
1 0: P3_7 assigned
11: P4_5 assigned
b6 — Reserved bit Set to 0. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The U2SRO register selects which pin is assigned to the UART2 I/O. To use the I/O pin for UART2, set this
register.

Set the U2SRO register before setting the UART?2 associated registers. Also, do not change the setting value in
this register during UART2 operation.

22.2.14 UART2 Pin Select Register 1 (U2SR1)
Address 018Bh

Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol| — | — | — |CTS2SELO| — [ — — CLK2SELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | CLK2SELO |CLK2 pin select bit 0: CLK2 pin not used R/W
1: P3_5 assigned

bl — Reserved bit Setto 0. R/W

b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b3 —

b4 | CTSZSELO | cTS2/RTS2 pin select bit 0: CTS2/RTS2 pin not used RIW
1: P3_3 assigned

b5 — Reserved bit Setto 0. R/W

b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b7 —

The U2SR1 register selects which pin is assigned to the UART2 I/O. To use the 1/0 pin for UART2, set this
register.

Set the U2SR1 register before setting the UART2 associated registers. Also, do not change the setting value in
thisregister during UART2 operation.
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22.3 Clock Synchronous Serial 1/0 Mode

In clock synchronous serial 1/0 mode, datais transmitted and received using a transfer clock.
Table 22.2 lists the Clock Synchronous Serial 1/0 Mode Specifications. Table 22.3 lists the Registers Used and
Settings in Clock Synchronous Serial 1/0 Mode.

Table 22.2  Clock Synchronous Serial /0O Mode Specifications

Item Specification
Transfer data format Transfer data length: 8 bits
Transfer clock * The CKDIR bit in the U2MR register is set to O (internal clock): fj/(2(n+1))

fj = f1, 18, 32, fC n = setting value in the U2BRG register: 00h to FFh
* The CKDIR bit is set to 1 (external clock): Input from the CLK2 pin

Transmit/receive control Selectable from the CTS function, RTS function, or CTS/RTS function disabled.

Transmit start conditions To start transmission, the following requirements must be met: (1)

« The TE bit in the U2C1 register is set to 1 (transmission enabled)

» The Tl bit in the U2C1 register is set to 0 (data present in the U2TB register)
« If the CTS function is selected, input to the CTS2 pin = “L".

Receive start conditions To start reception, the following requirements must be met: ()
* The RE bit in the U2C1 register is set to 1 (reception enabled).
* The TE bit in the U2C1 register is set to 1 (transmission enabled).
« The Tl bit in the U2C1 register is set to O (data present in the U2TB register).
Interrupt request generation | For transmission, one of the following conditions can be selected.
timing * The U2IRS bit in the U2C1 register is set to 0 (transmit buffer empty):
When data is transferred from the U2TB register to the UART2 transmit register
(at start of transmission).
* The U2IRS bit is set to 1 (transmission completed):
When data transmission from the UART2 transmit register is completed.
For reception
* When data is transferred from the UART2 receive register to the U2RB register
(at completion of reception).
Error detection Overrun error (2)
This error occurs if the serial interface starts receiving the next unit of data before
reading the U2RB register and receives the 7th bit of the next unit of data.
Selectable functions * CLK polarity selection
Transfer data 1/0 can be selected to occur synchronously with the rising or falling
edge of the transfer clock.
* LSB first, MSB first selection
Whether transmitting or receiving data begins with bit 0 or begins with bit 7 can be
selected.
» Continuous receive mode selection
Reception is enabled immediately by reading the U2RB register.
« Serial data logic switching
This function inverts the logic value of the transmit/receive data.

Notes:
1. When an external clock is selected, the requirements must be met in either of the following states:
- The external clock is held high when the CKPOL bit in the U2CO register is set to 0 (transmit data output
at the falling edge and receive data input at the rising edge of the transfer clock)
- The external clock is held low when the CKPOL bit in the U2CO register is set to 1 (transmit data output
at the rising edge and receive data input at the falling edge of the transfer clock)
2. If an overrun error occurs, the receive data in the U2RB register will be undefined. The IR bit in the S2RIC
register does not change to 1 (interrupt requested).
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Table 22.3  Registers Used and Settings in Clock Synchronous Serial I1/0 Mode
Register Bit Function

u2TB (O b0 to b7 Set transmit data.

U2RB (1) b0 to b7 Receive data can be read.
OER Overrun error flag

U2BRG b0 to b7 Set a bit rate.

U2MR (1) SMD2 to SMDO Set to 001b.
CKDIR Select the internal clock or external clock.
IOPOL Set to 0.

u2Co CLK1, CLKO Select the count source for the U2BRG register.
CRS Select either CTS or RTS to use functions.
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function.
NCH Select TXD2 pin output mode.
CKPOL Select the transfer clock polarity.
UFORM Select LSB first or MSB first.

uzC1 TE Set to 1 to enable transmission/reception.
TI Transmit buffer empty flag
RE Set to 1 to enable reception.
RI Receive complete flag
U2IRS Select the source of UART2 transmit interrupt.
U2RRM Set to 1 to use continuous receive mode.
U2LCH Set to 1 to use inverted data logic.
U2ERE Set to 0.

U2SMR b0 to b7 Set to 0.

U2SMR2 b0 to b7 Setto 0.

U2SMR3 b0 to b2 Set to 0.
NODC Select clock output mode.
b4 to b7 Set to 0.

U2SMR4 b0 to b7 Set to 0.

URXDF DF2EN Setto 0.

U2SMR5 MP Setto 0.

Note:

1. Set the bits not listed in this table to O when writing to the above registers in clock synchronous

serial /0 mode.
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Table 22.4 lists the Pin Functions in Clock Synchronous Serial 1/0 Mode (Multiple Transfer Clock Output Pin
Function Not Selected).
Note that for a period from when UART2 operating mode is selected to when transfer starts, the TXD2 pin outputs
a“H” level. (When N-channel open-drain output is selected, this pin isin the high-impedance state.)

Figure 22.3 shows the Transmit and Receive Timing in Clock Synchronous Serial 1/0 Mode.

Table 22.4  Pin Functions in Clock Synchronous Serial /0O Mode (Multiple Transfer Clock Output
Pin Function Not Selected)

Pin Name

Function

Selection Method

TXD2
(P3_4 or P3_7)

Serial data output

*«TXD2 (P3_4)

Bits TXD2SEL1 to TXD2SELO in U2SRO register = 10b (P3_4)
*TXD2 (P3_7)

Bits TXD2SEL1 to TXD2SELO in U2SRO register = 01b (P3_7)
« For reception only:

P3_4 and P3_7 can be used as ports by setting TXD2SEL1 to

TXD2SELO to 00b.

RXD2
(P3_4, P3_7, or
P4_5)

Serial data input

*RXD2 (P3_4)
Bits RXD2SEL1 to RXD2SELO in U2SRO register = 01b (P3_4)
PD3 4 bit in PD3 register =0

*RXD2 (P3_7)
Bits RXD2SEL1 to RXD2SELO in U2SRO register = 10b (P3_7)
PD3 7 bit in PD3 register =0

*RXD2 (P4_5)
Bits RXD2SEL1 to RXD2SELO in U2SRO register = 11b (P4_5)
PD4_5 bit in PD4 register =0

« For transmission only:
P3 4, P3_7, and P4_5 can be used as ports by setting
RXD2SEL1 to RXD2SELO to 00b.

CLK2 (P3_5)

Transfer clock output

CLK2SELDO bit in U2SR1 register = 1
CKDIR bit in U2MR register = 0

Transfer clock input

CLK2SELDO bit in U2SR1 register = 1
CKDIR bit in U2MR register = 1
PD3_5 hitin PD3 register = 0

CTS2/RTS2
(P3_3)

CTS input

CTS2SELO bit in U2SR1 register = 1
CRD bit in U2CO register =0
CRS bit in U2CO register =0
PD3_3 bitin PD3 register =0

RTS output

CTS2SELO bit in U2SR1 register = 1
CRD bit in U2CO register =0
CRS bit in U2CO register = 1

I/0 port

CTS2SELO bit in U2SR1 register =0
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(1) Transmit Timing Example (Internal Clock Selected)
TC

Transfer clock

|
TEbitin | | | |
U2C1 register | Data is set in U2TB register. o

Tl bitin
U2C1 register

| Data transfer from U2TB register to UART2 transmit register
O
CTS2 | TCLK

CLK2

™02 @@@@@@@@@@@@@@@@@@@@@ &
Urcoregae | 1 | [

S2TIC register 1 ] ]
T XN /

Set to 0 when an interrupt request is acknowledged or by a program.

L

Pulsing stops because TE bit is set to 0.

Pulsing stops because “H” is applied
to CTS2.

The above applies when: TC = TCLK = 2(n+1)/fj
o CKDIR bit in U2MR register = 0 (internal clock) fi: Frequency of U2BRG count source
o CRD bit in U2CO register = 0 (CTS/RTS function enabled), CRS bit = 0 (CTS function selected) (f1, f8, 132, fC)
e CKPOL bit in U2CO register = 0 (transmit data output at the falling edge and n: Setting value in U2BRG register

receive data input at the rising edge of the transfer clock)
e U2IRS bit in U2C1 register = 0 (interrupt request generation when the U2TB register is empty)

(2) Receive Timing Example (External Clock Selected)

RE bitin
U2C1 register

TE bitin
U2C1 register

1
—
|
Tl bit in |
U2C1 register

Dummy data is set in U2TB register. \

Data transfer from U2TB register to UART2 transmit register

RTS2
o —D'—'d— 1fEXT |'\ “L" is applied when U2RB register is read.
RXD2

Data transfer from UART2 receive | Data read from U2RB register
RI bitin register to U2RB register
U2Cl1 register

|
IR bit in
S2RIC register
/
Set to 0 when an interrupt request is acknowledged or by a program.

OER flag in
U2RB register

The above applies when: Make sure the following conditions are met o
« CKDIR bit in U2MR register = 1 (external clock) when the CLK2 pin input before receiving data is high:
o CRD bit in U2CO register = 0 (CTS/RTS function enabled), CRS bit = 1 (RTS function selected)
e CKPOL bit in U2CO register = 0 (transmit data output at the falling edge and
receive data input at the rising edge of the transfer clock)

o RE bit in U2C1 register = 1 (reception enabled)
o Dummy data is written to U2TB register

fEXT: Frequency of external clock

e TE bit in U2CO register = 1 (transmission enabled)

Figure 22.3  Transmit and Receive Timing in Clock Synchronous Serial /0 Mode
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22.3.1 Measure for Dealing with Communication Errors

If communication is aborted or acommunication error occurs while transmitting or receiving in clock
synchronous serial 1/0 mode, follow the procedures bel ow:

(1) SettheTE bitinthe U2C1 register to O (transmission disabled) and the RE bit to O (reception disabled).
(2) Set bits SMD2 to SMDO in the U2MR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the U2MR register to 001b (clock synchronous seria 1/0O mode).

(4) Setthe TE bitinthe U2C1 register to 1 (transmission enabled) and the RE bit to 1 (reception enabled).

22.3.2 CLK Polarity Select Function

Use the CKPOL bit in the U2CO register to select the transfer clock polarity. Figure 22.4 shows the Transfer
Clock Polarity.

(1) CKPOL bit in U2CO register = 0 (transmit data output at the falling edge and
receive data input at the rising edge of the transfer clock)

CLK2 Il i %

l ‘H” output from CLK2 pin

\ during no transfer
TXD2 X D0 X D1 X D2)X D3 X D4 X D5 X D6 X D7

/
RXD2 X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7

(2) CKPOL bit in U2CO register = 1 (transmit data output at the rising edge and
receive data input at the falling edge of the transfer clock)
“L” output from CLK2 pin

during no transfer
CLK2 f l v

N\
TXDZ—XW)l( p1 X Dl2/)>< p3 X b4 X b5 X D6 X D7

RXD2 X oo X b1 X D2 X 03 X D4 X 05 X D6 X D7

The above applies when:
« UFORM bit in U2CO register = 0 (LSB first)
« U2LCH bitin U2C1 register = 0 (not inverted)

Figure 22.4  Transfer Clock Polarity
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22.3.3 LSB First/MSB First Select Function
Use the UFORM bit in the U2CO register to select the transfer format. Figure 22.5 shows the Transfer Format.

(1) UFORM Bit in U2CO0 Register = 0 (LSB first)

ce L] L UL
TXD2 X po X b1 X b2 X p3 X pa X D5 X D6 X D7
RXD2 X Do X b1 X D2 X D3 X D4 X D5 X D6 X D7

(2) UFORM Bit in U2CO0 Register = 1 (MSB first)

TXD2 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
RXD2 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

The above applies when:
« CKPOL bit in U2CO register =0
(transmit data output at the falling edge and receive data input
at the rising edge of the transfer clock)
« U2LCH bit in U2C1 register = 0 (not inverted)

Figure 22.5  Transfer Format

22.3.4 Continuous Receive Mode

In continuous receive mode, receive operation is enabled when the receive buffer register isread. It is not
necessary to write dummy data to the transmit buffer register to enable receive operation in this mode.
However, adummy read of the receive buffer register is required when starting the operating mode.

When the U2RRM bit in the U2C1 register is set to 1 (continuous receive mode), the T bit in the U2CL1 register
is set to O (data present in the U2TB register) by reading the U2RB register. If the U2RRM bit is set to 1, do not
write dummy datato the U2TB register by a program.
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22.3.5 Serial Data Logic Switching Function

If the U2LCH bit in the U2C1 register is set to 1 (inverted), the data written to the U2TB register hasits logic
inverted before being transmitted. Similarly, the received data has its logic inverted when read from the U2RB
register. Figure 22.6 shows the Serial Data L ogic Switching.

(1) U2LCH Bit in U2C1 Register = 0 (not inverted)

Transfer Clock

TXD2
(not inverted)

X oo Y b1 b2 b3 ) psa)ps)ps)b7

(2) U2LCH Bit in U2C1 Register = 1 (inverted)

Transfer Clock

(inv;err)t((lejdz) Y o Y o1 X D2 X D3 \ b4 | B5 } D6 f 7

The above applies when:

o CKPOL bit in U2CO0 register = 0 (transmit data output at the falling edge of the transfer clock)
o UFORM bit in U2CO register = 0 (LSB first)

Figure 22.6 Serial Data Logic Switching

22.3.6 CTS/RTS Function

The CTS function is used to start transmit and receive operation when “L” is applied to the CTS2/RTS2 pin.
Transmit and receive operation begins when the CTS2/RTS2 pin is held low. If the “L” signal is switched to
“H” during atransmit or receive operation, the operation stops before the next data.
For the RTS function, the CTS2/RTS2 pin outputs “L” when the MCU is ready for areceive operation. The
output level goes high at the first falling edge of the CLK2 pin.
* The CRD bit in the U2CO register = 1 (CTS/RTS function disabled)

The CTS2/RTS2 pin operates as the programmable I/O function.
* The CRD bit = 0, CRS bit = 0 (CTS function selected)

The CTS2/RTS2 pin operates as the CTS function.
* The CRD bit = 0, CRS bit = 1 (RTS function selected)

The CTS2/RTS2 pin operates as the RTS function.
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22.4 Clock Asynchronous Serial I/0O (UART) Mode

In UART mode, datais transmitted and received after setting the desired bit rate and transfer data format. Table
22 5liststhe UART Mode Specifications. Table 22.6 lists the Registers Used and Settingsin UART Mode.

Table 22.5 UART Mode Specifications

Iltem

Specification

Transfer data format

* Character bits (transfer data): Selectable from 7, 8, or 9 bits
« Start bit:1 bit

« Parity bit: Selectable from odd, even, or none

« Stop bits: Selectable from 1 bit or 2 bits

Transfer clock

* The CKDIR bit in the U2MR register is set to O (internal clock): fj/(16(n + 1))
fj = f1, 18, f32, fC n = setting value in the U2BRG register: 00h to FFh
* The CKDIR bit is set to 1 (external clock): fEXT/(16(n + 1))
fEXT: Input from CLK2 pin n: Setting value in the U2BRG register: 00h to FFh

Transmit/receive control

Selectable from the CTS function, RTS function, or CTS/RTS function disabled.

Transmit start conditions

To start transmission, the following requirements must be met:

« The TE bit in the U2C1 register is set to 1 (transmission enabled).

» The Tl bit in the U2C1 register is set to 0 (data present in the U2TB register).
« If the CTS function is selected, input to the CTS2 pin = “L".

Receive start conditions

To start reception, the following requirements must be met:
* The RE bit in the U2C1 register is set to 1 (reception enabled).
« Start bit detection

Interrupt request generation
timing

For transmission, one of the following conditions can be selected.

* The U2IRS bit in the U2C1 register is set to 0 (transmit buffer empty):
When data is transferred from the U2TB register to the UART2 transmit register
(at start of transmission).

* The U2IRS bit is set to 1 (transmission completed):
When data transmission from the UART2 transmit register is completed.

For reception

* When data is transferred from the UART2 receive register to the U2RB register
(at completion of reception).

Error detection

« Overrun error (1)
This error occurs if the serial interface starts receiving the next unit of data before
reading the U2RB register and receives the bit one before the last stop bit of the
next unit of data.

« Framing error (2)
This error occurs when the set number of stop bits is not detected.

« Parity error (2)
This error occurs when if parity is enabled, the number of 1's in the parity and
character bits does not match the set number of 1's.

« Error sum flag
This flag is set to 1 if an overrun, framing, or parity error occurs.

Selectable functions

* LSB first, MSB first selection
Whether transmitting or receiving data begins with bit 0 or begins with bit 7 can be
selected.

« Serial data logic switching
This function inverts the logic of the transmit/receive data. The start and stop bits
are not inverted.

* TXD, RXD /O polarity switching
This function inverts the polarities of the TXD pin output and RXD pin input. The
logic levels of all I/0 data are inverted.

* RXD2 digital filter selection
The RXD2 input signal can be enabled or disabled.

Notes:

1. If an overrun error occurs, the receive data in the U2RB register will be undefined. The IR bit in the S2RIC
register remains unchanged.

2. The framing error flag and the parity error flag are set to 1 when data is transferred from the UART2 receive
register to the U2RB register.
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Table 22.6  Registers Used and Settings in UART Mode

Register Bit Function
U2TB b0 to b8 Set transmit data. (1)
U2RB b0 to b8 Receive data can be read. (1, 2)
OER, FER, PER, SUM | Error flag
U2BRG b0 to b7 Set a bit rate.
U2MR SMD2 to SMDO Set to 100b when transfer data is 7 bits long.
Set to 101b when transfer data is 8 bits long.
Set to 110b when transfer data is 9 bits long.
CKDIR Select the internal clock or external clock.
STPS Select the stop bit.
PRY, PRYE Select whether parity is included and whether odd or even.
IOPOL Select the TXD/RXD 1/O polarity.
U2Co CLKO, CLK1 Select the count source for the U2BRG register.
CRS Select CTS or RTS to use functions.
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function.
NCH Select TXD2 pin output mode.
CKPOL Setto 0.
UFORM Select LSB first or MSB first when transfer data is 8 bits long.
Set to 0 when transfer data is 7 or 9 bits long.
u2C1 TE Set to 1 to enable transmission.
TI Transmit buffer empty flag
RE Set to 1 to enable reception.
RI Receive complete flag
U2IRS Select the UART2 transmit interrupt source.
U2RRM Setto 0.
U2LCH Set to 1 to use inverted data logic.
U2ERE Setto 0.
U2SMR b0 to b7 Setto 0.
U2SMR2 b0 to b7 Setto 0.
U2SMR3 b0 to b7 Setto 0.
U2SMR4 b0 to b7 Setto 0.
URXDF DF2EN Select the digital filter disabled or enabled.
U2SMR5 MP Setto 0.

Notes:

1. The bits used for transmit/receive data are as follows:
- Bits b0 to b6 when transfer data is 7 bits long
- Bits b0 to b7 when transfer data is 8 bits long
- Bits b0 to b8 when transfer data is 9 bits long

2. The contents of the following are undefined:
- Bits b7 and b8 when transfer data is 7 bits long
- Bit b8 when transfer data is 8 bits long
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Table 22.7 lists the 1/O Pin Functionsin UART Mode.

Note that for a period from when the UART2 operating mode is selected to when transfer starts, the TXD2 pin
outputs “H”. (When N-channel open-drain output is selected, this pin isin the high-impedance state.)

Figure 22.7 shows the Transmit Timing in UART Mode. Figure 22.8 shows the Receive Timing in UART Mode.

Table 22.7 1/0 Pin Functions in UART Mode

Pin Name

Function

Selection Method

TXD2
(P3_40rP3_7)

Serial data output

*TXD2 (P3_4)

Bits TXD2SEL1 to TXD2SELO in U2SRO register = 10b (P3_4)
*TXD2 (P3_7)

Bits TXD2SEL1 to TXD2SELO in U2SRO register = 01b (P3_7)
« For reception only:

P3_4 and P3_7 can be used as ports by setting TXD2SEL1 to

TXD2SELO to 00b.

RXD2
(P3_4, P3_7, or
P4_5)

Serial data input

*RXD2 (P3_4)
Bits RXD2SEL1 to RXD2SELO in U2SRO register = 01b (P3_4)
PD3_4 bit in PD3 register =0

*RXD2 (P3_7)
Bits RXD2SEL1 to RXD2SELO in U2SRO register = 10b (P3_7)
PD3 7 bit in PD3 register =0

*RXD2 (P4_5)
Bits RXD2SEL1 to RXD2SELO in U2SRO register = 11b (P4_5)
PD4_5 bit in PD4 register =0

« For transmission only:
P3 4, P3_7, and P4_5 can be used as ports by setting
RXD2SEL1 to RXD2SELO to 00b.

CLK2 (P3_5)

I/O port

CLK2SELDO bit in U2SR1 register =0

Transfer clock input

CLK2SELO bit in U2SR1 register =1
CKDIR bit in U2MR register = 1
PD3_5 bitin PD3 register =0

CTS2/RTS2
(P3_3)

CTS input

CTS2SELO bit in U2SR1 register =1
CRD bit in U2CO register =0
CRS bit in U2CO register =0
PD3_3 bitin PD3 register =0

RTS output

CTS2SELO bit in U2SR1 register = 1
CRD bit in U2CO register =0
CRS bit in U2CO register = 1

I/0 port

CTS2SELO bit in U2SR1 register =0
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Transfer clock

TE bitin
U2C1 register

Tl bitin
U2C1 register

TXD2

TXEPT bit in
U2CO register

IR bitin
S2TIC register

(1) Transmit Timing Example When Transfer Data 8 Bits is Long (Parity Enabled, One Stop Bit)

Transfer clock l IIIIIIIIJUUUHUUUUUUUUUUUU |—|I—||—I|—I|—

TE bitin J
U2C1 register

Tl bitin
U2C1 register

crs2 Il !
b Pzﬂly: St:?tp Pulsing stops beclause TE ?n is setto 0.
™@D2 . 068004 : |
TXEPT bit in —

U2CO register

IR bit in
S2TIC register

The above applies when:
¢ PRYE bit in U2MR register = 1 (parity enabled)
e STPS bit in U2MR register = 0 (one stop bit)
e CRD bit in U2CO register = 0 (CTS/RTS function enabled), CRS bit = 0 (CTS function selected)
e U2IRS bit in U2C1 register = 1 (interrupt request generation when transmission is completed)

(2) Transmit Timing Example When Transfer Data 9 Bits is Long (Parity Disabled, Two Stop Bits)

The above applies when:
e PRYE bit in U2MR register = 0 (parity disabled)
* STPS bit in U2MR register = 1 (two stop bits)
o CRD bit in U2CO register = 1 (CTS/RTS function disabled)
e U2IRS bit in U2C1 register =

The transfer clock stops once because “H” is applied to CTS pin when the stop bit is verified.

TC The transfer clock resumes running immediately after “L” is applied to CTS pin.

|
: I |
I I
|
N A —
™ !
| Data transfer from U2TB register

| to UART?2 transmit register ! I

Data is set in U2TB register.

U
L

Set to 0 when an interrupt request is acknowledged or by a program.
TC = 16(n + 1)/fj or 16(n + L)fEXT
fi: Frequency of U2BRG count source (f1, f8, {32, fC)

fEXT: Frequency of U2BRG count source (external clock)
n: Setting value in U2BRG

TC

e
WMMMM
1 T I
| i~ i

|
I
| Data is set in U2TB register.
|

I I Data transfer from U2TB register
| | to UART2 transmit register

| Stop Stop

Start bit

m@@@@@@@@@wy H@@@@@@@@@w$ o0
— rﬂ r—

_l—|\ |7| [

Set to 0 when an interrupt request is acknowledged or by a program.

TC = 16(n + 1)/fj or 16(n + L)fEXT
fj: Frequency of U2BRG count source (f1, f8, {32, fC)
fEXT: Frequency of U2BRG count source (external clock)
n: Setting value in U2BRG

0 (interrupt request generation when the transmit buffer is empty)

Figure 22.7

Transmit Timing in UART Mode
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Receive Timing Example When Transfer Data 8 Bits is Long (Parity Disabled, One Stop Bit)

rsouce TUUUITNUMATUMALATLULATRULAT UL, - AU ULy
count source . .

RE bitin ——————————————"" -
U2C1 register _I
1
1
1
1
1
1
1
1
1
1
1
1
1

—_— e Stop bit
f o1 . oFf |

“L" is determined.

RXD2

Receive data taken in

Transfer clock
: Reception starts when a transfer clock  Data transfer from UART2 receive register |

RI bit in 1 is generated at the falling edge to U2RB register
U2CL1 register tofthestartbit. 00
—t !
! 1
| | ] l I —
RTS2 :
IR bit in 0
S2RIC register | I

Set to 0 when an interrupt request is acknowledged or by a program.

The above applies when:
e PRYE bitin U2MR register = 0 (parity disabled)
e STPS bit in U2MR register = 0 (one stop bit)
e CRD bit in U2CO register = 0 (CTS2/RTS2 function enabled), CRS bit = 1 (RTS2 function selected)

Figure 22.8 Receive Timing in UART Mode

22.4.1 Bit Rate

In UART mode, the bit rate is the frequency divided by the U2BRG register divided by 16. Table 22.8 lists the
Bit Rate Setting Example in UART Mode (Internal Clock Selected).

Table 22.8  Bit Rate Setting Example in UART Mode (Internal Clock Selected)
System Clock = 20 MHz System Clock = 18.432 MHz (1) System Clock = 8 MHz

. U2BRG - - ;
BitRate || "~ '\« | U2BRG Actual | Setting| U2BRG Actual | Setting| U2BRG Actual | Setting
(0ps) || ource | Setting Time Error | Setting Time Error | Setting Time Error

Value (bps) (%) Value (bps) (%) Value (bps) (%)

1200 f8 129 (81h) 1201.92 0.16| 119 (77h) 1200.00| 0.00| 51 (33h) 1201.92 0.16
2400 f8 64 (40h) 2403.85 0.16| 59 (3Bh) 2400.00| 0.00( 25 (19h) 2403.85| 0.16
4800 f8 32 (20h) 4734.85| -1.36| 29 (1Dh) 4800.00| 0.00| 12 (0Ch) 4807.69 0.16
9600 fl 129 (81h) 9615.38 0.16|119 (77h) 9600.00| 0.00]| 51 (33h) 9615.38| 0.16
14400 fl 86 (56h) 14367.82| -0.22]| 79 (4Fh) 14400.00 0.00]| 34 (22h) 14285.71| -0.79
19200 fl 64 (40h) 19230.77 0.16| 59 (3Bh) 19200.00 0.00| 25 (19h) 19230.77 0.16
28800 fl 42 (2Ah) | 29069.77 0.94| 39 (27h) 28800.00| 0.00| 16 (10h) 29411.76 2.12
38400 fl 32 (20h) 37878.79| -1.36| 29 (1Dh) | 38400.00| 0.00| 12 (0Ch) | 38461.54 0.16
57600 fl 21 (15h) 56818.18 | -1.36( 19 (13h) 57600.00| 0.00( 8 (08h) 55555.56| -3.55
115200 fl 10 (OAh) | 113636.36| -1.36| 9 (09h) | 115200.00 0.00 - - -
Note:
1. For the high-speed on-chip oscillator, the correction value in the FRA4 register should be written into the FRA1
register and the correction value in the FRAS register should be written into the FRA3 register.
This applies when the high-speed on-chip oscillator is selected as the system clock and bits FRA22 to FRA20

in the FRA2 register are set to 000b (divide-by-2 mode). For the precision of the high-speed on-chip oscillator,
refer to 31. Electrical Characteristics.
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22.4.2 Measure for Dealing with Communication Errors

If communication is aborted or a communication error occurs while transmitting or receiving in UART mode,
follow the procedures below:

(1) SettheTE bitinthe U2C1 register to O (transmission disabled) and the RE bit to O (reception disabled).

(2) Set bits SMD2 to SMDO in the U2MR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the U2MR register to 100b (UART mode, transfer data 7 bits long), 101b
(UART mode, transfer data 8 bitslong), or 110b (UART mode, transfer data 9 bits long).

(4) Setthe TE bitin the U2C1 register to 1 (transmission enabled) and the RE bit to 1 (reception enabled).

22.4.3 LSB First/MSB First Select Function

Asshown in Figure 22.9, use the UFORM bit in the U2CO register to select the transfer format. Thisfunctionis
enabled when transfer datais 8 bits long. Figure 22.9 shows the Transfer Format.

(1) UFORM Bit in U2CO0 Register = 0 (LSB first)

CLK2
D2 ST Ao X b1 X D2 X D3 X b4 X D5 X D6 P ) sp
RXD2 ST A Do X D1 X D2 X D3 X 4 X D5 X D6 X D7 X P ) sP

(2) UFORM Bit in U2CO0 Register = 1 (MSB first)

CLK2

TXD2 st A b7 X b6 X b5 X D4 X D3 X D2 X b1 X D0 X P ) sP
RXD2 sT A D7 X D6 X b5 X D4 X D3 X D2 X D1 X Do X P ) sp

ST: Start bit
P: Parity bit
SP: Stop bit

The above applies when:
e CKPOL bit in U2C0 register = 0 (transmit data output at the falling edge and
receive data input at the rising edge of the transfer clock)
e U2LCH bit in U2C1 register = 0 (not inverted)
e STPS bit in U2MR register = 0 (one stop bit)
e PRYE bit in U2MR register = 1 (parity enabled)

Figure 22.9 Transfer Format
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22.4.4 Serial Data Logic Switching Function

The data written to the U2TB register has its logic inverted before being transmitted. Similarly, the received

data has its logic inverted when read from the U2RB register. Figure 22.10 shows the Serial Data Logic
Switching.

(1) U2LCH bit in U2C1 Register = 0 (not inverted)
Transfer ciock | [ [T 1L L L L L L L™

m&’%vened) \ st {Do X D1 \D2 \D3 D4 D5 D6 \D7 X P ) sp

(2) U2LCH Bit in U2C1 Register = 1 (inverted)
mansterciock | 7] [ LML LML UL TLTLTLT

(mvened) \_s7 (Do Y o1 oz X5z XDz X

5 \D6 A\D7 A\ P J sP

ST: Start bit
P: Parity bit
The above applies when: SP: Stop bit
o CKPOL bit in U2CO register = 0 (transmit data output at the falling edge of the transfer clock)
e UFORM bit in U2CO register = 0 (LSB first)
o STPS bit in U2MR register = 0 (one stop bit)
e PRYE bit in U2MR register = 1 (parity enabled)

Figure 22.10 Serial Data Logic Switching

22.45 TXD and RXD I/O Polarity Inverse Function

This function inverts the polarities of the TXD2 pin output and RXD2 pin input. The logic levels of all 1/0 data
(including bits for start, stop, and parity) are inverted. Figure 22.11 shows the TXD and RXD I/O Inversion.

(1) IOPOL Bit in U2MR Register = 0 (not inverted)
Transferclockllll||||||||||||||||||||||

-(rn)éltjﬁlverted) \ st [oo X' b1 \p2 D3 \pa {5 \D6 [ D7 [ P Vsp
(F;)étDiﬁverted) \sT ApoXp1 XD2)D3)fD4a) D5 D6 \p7k P )sP

(2) IOPOL Bit in U2MR Register = 1 (inverted)
Transferclock||||||||||||||||||||||||||

TXD2 ——————————y—
(inverted) / st \ Do \ DI A D2 } D3 X D4 \ D5 X D6 \ 57 X _P ) sP
RXD2 — V==V =V =V =V =V =YV =V =
(inverted) / st \ Do \ DI A D2 } D3 X D4 \ D5 X D6 \ 57 X P )\ sP
ST: Start bit
. P: Parity bit
The above applies when: SP: Stop bit

e UFORM bit in U2CO register = 0 (LSB first)
e STPS bit in U2MR register = 0 (one stop bit)
e PRYE bit in U2MR register = 1 (parity enabled)

Figure 22.11 TXD and RXD I/O Inversion
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2246 CTS/RTS Function

The CTS function is used to start transmit operation when “L” is applied to the CTS2/RTS2 pin. Transmit
operation begins when the CTS2/RTS2 pin is held low. If the “L” signal is switched to “H” during transmit
operation, the operation stops after the ongoing transmit/receive operation is completed.

When the RTS function is used, the CTS2/RTS2 pin outputs “L” when the MCU is ready for a receive
operation. The output level goes high at the first falling edge of the CLK2 pin.

« The CRD bit in the U2CO register = 1 (CTS/RTS function disabled)
The CTS2/RTS2 pin operates as the programmable I/O function.

* The CRD bit = 0, CRS bit = 0 (CTS function selected)
The CTS2/RTS2 pin operates as the CTS function.

» The CRD bit = 0, CRS bit = 1 (RTS function selected)
The CTS2/RTS2 pin operates as the RTS function.

22.4.7 RXD2 Digital Filter Select Function

When the DF2EN bit in the URXDF register is set to 1 (RXD2 digital filer enabled), the RXD2 input signa is
loaded internally viathe digital filter circuit for noise reduction. The noise canceller consists of three cascaded
latch circuits and a match detection circuit. The RXD2 input signal is sampled on the internal basic clock with a
frequency 16 times the bit rate. It is recognized as a signal and the level is passed forward to the next circuit
when three latch outputs match. When the outputs do not match, the previous value is retained.

In other words, when the level is changed within three clocks, the change is recognized as not asignal but noise.
Figure 22.12 shows a Block Diagram of RXD2 Digital Filter Circuit.

Sampling clock

Match URXDF
D Q D Q D Q detection register —»

circuit (DF2EN bit)
Latch Latch Latch F

RXD2
input signal

Internal RXD2
input signal

Internal basic clock
period )
Sampling
clock

Note:
1. When the CKDIR bit in the U2MR register is 0 (internal clock), the internal basic clock is set to fj/(n+1)
(fj = f1, 18, f32, fC; n = setting value in the U2BRG register).
When the CKDIR bit in the U2MR register is 1 (external clock), the internal basic clock is set to fEXT/(n+1)
(fEXT is input from the CLK2 pin. n = setting value in the U2BRG register).

Figure 22.12 Block Diagram of RXD2 Digital Filter Circuit
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22.5 Special Mode 1 (12C Mode)

12C mode is provided for use as a simplified 12C interface compatible mode. Table 22.9 lists the 12C Mode
Specifications. Tables 22.10 and 22.11 list the registers used in 12C mode and the settings. Table 22.12 liststhe 12C
Mode Functions, Figure 22.13 shows an 12C Mode Block Diagram, and Figure 22.14 shows the Transfer to U2RB
Register and Interrupt Timing.

Asshown in Table 22.12, the MCU is placed in 12C mode by setting bits SMD2 to SMDO to 010b and the [ICM bit

to 1. Because SDA?2 transmit output has a delay circuit attached, SDA2 output does not change state until SCL2
goes low and remains stably low.

Table 22.9  12C Mode Specifications

Item Specification
Transfer data format Transfer data length: 8 bits
Transfer clock * Master mode

The CKDIR bit in the U2MR register is set to 0 (internal clock): fj/(2(n+1))
fj = f1, 18, f32, fC n = setting value in the U2BRG register: 00h to FFh

* Slave mode
The CKDIR bit is set to 1 (external clock): Input from the SCL2 pin

Transmit start conditions To start transmission, the following requirements must be met: (1)
« The TE hit in the U2C1 register is set to 1 (transmission enabled).
« The Tl bit in the U2C1 register is set to 0 (data present in the U2TB register).

Receive start conditions To start reception, the following requirements must be met: (1)

* The RE bit in the U2C1 register is set to 1 (reception enabled).

« The TE hit in the U2C1 register is set to 1 (transmission enabled).

« The Tl bit in the U2C1 register is set to 0 (data present in the U2TB register).

Interrupt request generation Start/stop condition detection, no acknowledgement detection, or acknowledgement
timing detection

Error detection Overrun error (2)
This error occurs if the serial interface starts receiving the next unit of data before
reading the U2RB register and receives the 8th bit of the next unit of data.

Selectable functions » SDAZ2 digital delay
No digital delay or a delay of 2 to 8 U2BRG count source clock cycles
can be selected.

* Clock phase setting
With or without clock delay can be selected.

Notes:
1. When an external clock is selected, the requirements must be met while the external clock is held high.
2. If an overrun error occurs, the received data in the U2RB register will be undefined. The IR bit in the S2RIC
register remains unchanged.
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Note:

IICM: Bit in U2SMR register
IICM2, SWC, SWC2, SDHI: Bits in U2SMR2 register
STSPSEL, ACKD, ACKC: Bits in U2SMR4 register

The above applies when:
o Bits SMD2 to SMDO in U2MR register = 010b
o |[ICM bit in U2SMR register = 1

SDA2 Start/stop condition generation block
STSPSEL=1 »
Delay o SDA (STSP) » DTC request
Fo<H creor —| scL (sTsP) (source number 15)
STSPSEL =0 IICM2 =1
Transmit 'E“ ) UART?2 transmit/NACK
ACKC =1 register |_ interrupt request
IICM =1 and
UART2 IICM2 =0
ACKD bit SDHI
[> Noise | _
filter . eM2 = 1
Rec.e{"e UART?2 receive/ACK
register lo interrupt request
UART2 IICM =1 and DTC request
Start condition IICM2 =0 (source number 14)
detection
S 0 Bus
R busy
Stop c_ondition [ NACK
detection
—
°Q
T
SCL2
P qQ
IICM = 0 r | Port register T ACK
I/0 port |q 9th bit
STSPSEL = 0,— _Internal clock
Start/stop condition detection
UARTZ SWC2| | CLK > interrupteequest
IcCM=1 STSPSEL External control
Noise = clock
filter UART2

If the IICM bit is set to 1, the pin can be read even when the port direction bit corresponding to the SCL2 pin is set to 1 (output mode).

Figure 22.13

I2C Mode Block Diagram
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Table 22.10 Registers Used and Settings in 12C Mode (1)

) . Function
Register Bit
Master Slave
uU2TB (1) | b0 to b7 Set transmit data. Set transmit data.
U2RB (1) | b0 to b7 Receive data can be read. Receive data can be read.
b8 ACK or NACK is set in this bit. ACK or NACK is set in this bit.
OER Overrun error flag Overrun error flag
U2BRG | b0 to b7 Set a bit rate. Disabled
U2MR (1) | SMD2 to SMDO | Set to 010b. Set to 010b.
CKDIR Setto 0. Set to 1.
IOPOL Setto 0. Set to 0.
u2co CLK1, CLKO Select the count source for the U2BRG Disabled
register.
CRS Disabled because CRD = 1. Disabled because CRD = 1.
TXEPT Transmit register empty flag Transmit register empty flag
CRD Setto 1. Set to 1.
NCH Setto 1. Set to 1.
CKPOL Setto 0. Set to 0.
UFORM Setto 1. Setto 1.
u2C1 TE Set to 1 to enable transmission. Set to 1 to enable transmission.
TI Transmit buffer empty flag Transmit buffer empty flag
RE Set to 1 to enable reception. Set to 1 to enable reception.
RI Receive complete flag Receive complete flag
U2IRS Setto 1. Set to 1.
U2RRM, Setto 0. Setto 0.
U2LCH, U2ERE
U2SMR | IlICM Setto 1. Set to 1.
BBS Bus busy flag Bus busy flag
b3 to b7 Setto 0. Setto 0.
U2SMR2 | lICM2 Refer to Table 22.12 I2C Mode Refer to Table 22.12 12C Mode
Functions. Functions.
CsC Set to 1 to enable clock synchronization. | Setto 0.
SWC Setto 1 to fix SCL2 output low at the falling | Set to 1 to fix SCL2 output low at the falling
edge of the 9th bit of clock. edge of the 9th bit of clock.
STAC Setto 0. Set to 1 to initialize UART? at start
condition detection
SWC2 Set to 1 to forcibly pull SCL2 low. Set to 1 to forcibly pull SCL2 output low.
SDHI Set to 1 to disable SDA2 output. Set to 1 to disable SDA2 output.
b7 Setto 0. Setto 0.
Note:

1. Set the bits not listed in this table to 0 when writing to the above registers in I12C mode.
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Table 22.11 Registers Used and Settings in 12C Mode (2)

. . Function
Register Bit
Master Slave
U2SMR3 |b0, b2, b4, and |Setto 0. Set to 0.
NODC
CKPH Refer to Table 22.12 12C Mode Functions. |Refer to Table 22.12 12C Mode Functions.
DL2 to DLO Set the amount of SDA2 digital delay. Set the amount of SDA2 digital delay.
U2SMR4 [STAREQ Set to 1 to generate a start condition. Setto 0.
RSTAREQ Set to 1 to generate a restart condition. Setto 0.
STPREQ Set to 1 to generate a stop condition. Set to 0.
STSPSEL Set to 1 to output each condition. Set to 0.
ACKD Select ACK or NACK. Select ACK or NACK.
ACKC Set to 1 to output ACK data. Set to 1 to output ACK data.
SCLHI Set to 1 to stop SCL2 output when a stop|Set to 0.
condition is detected.
SWC9 Setto 0. Set to 1 to hold SCL2 low at the falling
edge of the 9th bit of clock.
URXDF |DF2EN Setto O. Set to O.
U2SMR5 |MP Set to 0. Setto O.
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Table 22.12 12C Mode Functions
Clock Synchronous 12C Mode (SMD2 to SMDO = 010b, IICM = 1)
Function Serial /0 Mode 1ICM2 = 0 (NACK/ACK interrupt) IICM2 = 1 (UART transmit/receive interrupt)

(SMD2 to SMDO = 001b,
IICM = 0)

CKPH=0
(No Clock Delay)

CKPH=1
(With Clock Delay)

CKPH=0
(No Clock Delay)

CKPH=1
(With Clock Delay)

Source of UART2 bus
collision interrupt (1. 5)

Start condition detection or stop condition detection

(Refer to Table 22.13 STSPSEL Bit Functio

ns)

Source of UART2
transmit/NACK2 (L. 6)

UART2 transmission
Transmission started or
completed (selectable by
U2IRS bit)

No acknowledgment
detection (NACK)
Rising edge of SCL2 9th bit

UART2
transmission
Rising edge of
SCL2 9th bit

UART?2 transmission
Falling edge of SCL2
next to 9th bit

Source of UART2
receive/ACK2 (1. 6)

UART2 reception

When 8th bit received
CKPOL = 0 (rising edge)
CKPOL =1 (falling edge)

Acknowledgment detection (ACK)
Rising edge of SCL2 9th bit

UART?2 reception
Falling edge of SCL2 9th bit

Timing for transferring data
from UART reception shift
register to U2RB register

CKPOL = 0 (rising edge)
CKPOL =1 (falling edge)

Rising edge of SCL2 9th bit

Falling edge of
SCL2 9th bit

Falling and rising edges
of SCL2 9th bit

selected

UART2 transmission output | No delay With delay

delay

TXD2/SDA2 functions TXD2 output SDA2 I/O

RXD2/SCL2 functions RXD2 input SCL2 1/0

CLK2 functions CLK2 input or output port | — (Cannot be used in 12C mode.)

Noise filter width

15ns

200 ns

Read of RXD2 and SCL2
pin levels

Possible when the
corresponding port
direction bit =0

Possible regardless of the content of the corresponding port direction bit.

Initial value of TXD2 and
SDA2 outputs

CKPOL = 0 (*H")
CKPOL = 1 (“L?)

The value set in the port register before setting 12C mode. ()

Initial and end values of
SCL2

“qr ')

g R

DTC source number 14 (6)

UART2 reception

When 8th bit received
CKPOL = 0 (rising edge)
CKPOL =1 (falling edge)

Acknowledgment detection (ACK)

UART?2 reception
Falling edge of SCL2 9th bit

DTC source number 15 (6)

UART?2 transmission
Transmission started or
completed (selectable by
U2IRS bit)

UART2 transmission
Falling edge of SCL2
next to 9th bit

UART2 transmission
Rising edge of SCL2
9th bit

UART2
transmission
Rising edge of
SCL2 9th bit

UART?2 transmission
Falling edge of SCL2
next to 9th bit

Storage of receive data

1st to 8th bits of the
received data are stored
in bits b0 to b7 in the
U2RB register.

1st to 8th bits of the received data are
stored in bits b7 to b0 in the U2RB register.

1st to 7th bits of the received data are stored
in bits b6 to b0 in the U2RB register. 8th bit is
stored in bit b8 in the U2RB register.

1st to 8th bits are
stored in bits b7 to b0 in
the U2RB register. ()

Read of receive data

The U2RB register status is read.

Bits b6 to b0 in the
U2RB register are read
as bits b7 to b1. Bit b8
in the U2RB register is
read as bit b0. (4)

Notes:

1. If the source of any interrupt is changed, the IR bit in the interrupt control register for the changed interrupt may inadvertently be set to 1
(interrupt requested). (Refer to 11.8 Notes on Interrupts.)
If one of the bits listed below is changed, the interrupt source, the interrupt timing, and others change. Therefore, always be sure to set the IR
bit to O (interrupt not requested) after changing these bits.
Bits SMD2 to SMDO in the U2MR register, the IICM bit in the U2SMR register, the 1ICM2 bit in the U2SMR2 register, and the CKPH bit in the

U2SMRS register.

oM wN

Set the initial value of SDA2 output while bits SMD2 to SMDO in the U2MR register are 000b (serial interface disabled).
Second data transfer to the U2RB register (rising edge of SCL2 9th bit)
First data transfer to the U2RB register (falling edge of SCL2 9th bit)
Refer to Figure 22.16 STSPSEL Bit Functions.

Refer to Figure 22.14 Transfer to U2RB Register and Interrupt Timing.
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(1) ICM2 = 0 (ACK and NACK interrupts), CKPH = 0 (no clock delay)

st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

sco LI LI LT LTI L L Lo
spaz X b7 X b6 X 05 X pa X b3 X D2 X b1 X Do X D8 (ACK, NACK)
T

ACK interrupt (DTC source number 14 request),
NACK interrupt

Transfer to U2RB register
bi5 b9 b8 b7 b0
|:|| Jos [o7]os[ps[os]ps]o2]o1]oo]

U2RB register contents

(2) lICM2 = 0, CKPH = 1 (with clock delay)

st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

ST S I I
spaz X 07 X b6 X b5 X pa X p3 X b2 X b1 X po X D8 (ACK, NACK)
T

ACK interrupt (DTC source number 14 request),
NACK interrupt

Transfer to U2RB register
bis b9 b8 b7 bo

|:|| [os]o7] o6 s p4] o3[ p2] o1 ] o]

U2RB register contents

(3) IICM2 = 1 (UART transmit/receive interrupt), CKPH =0

st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SCL2

soaz X 07 Xps X ps X pa X p3 X p2 X p1 X po )T(DTS (ACK, NACK)

Receive interrupt  Transmit
(DTC source number 14 request)  interrupt

Transfer to U2RB register

b15 b9 b8 b7 bo
Dl |D0|_|D7|DG|D5|D4|D3|D2|D1|

U2RB register contents

(4)IICM2=1, CKPH = 1

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SCL2

spaz _ X b7 X b6 X s X b4 X b3 X b2 X b1 X Do X D8 (ACK, NACK)
£

Receive interrupt Transmit interrupt
(DTC source number 14 request)

?

Transfer to U2RB register ~ Transfer to U2RB register

bis b9 b8 b7 bo bis b9 b8 b7 bo
I:ll |D0|—|D7|DB|DS|D4|D3|D2|01| I:ll |D8|D7|D6|D5|D4|D3|DZ|D1|D0|
U2RB register contents U2RB register contents

The above applies when:
« CKDIR bit in U2MR register = 0 (master selected)

Figure 22.14 Transfer to U2RB Register and Interrupt Timing
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22.5.1 Detection of Start and Stop Conditions

Whether a start or a stop condition has been detected is determined.

A start condition detect interrupt request is generated when the SDA2 pin changes state from high to low while
the SCL2 pin isin the high state. A stop condition detect interrupt request is generated when the SDA2 pin
changes state from low to high while the SCL2 pinisin the high state.

Because the start and stop condition detect interrupts share an interrupt control register and vector, check the
BBS hit in the U2SMR register to determine which interrupt source is requesting the interrupt.

Figure 22.15 shows the Detection of Start and Stop Conditions.

5 cycles of f1 < Setting up duration
5 cycles of f1 < Holding duration

Setting up Holding
I duration duration 1

SCL2

SDA2
(Start condition)

SDA2
(Stop condition)

Figure 22.15 Detection of Start and Stop Conditions
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22.5.2 Output of Start and Stop Conditions

A start condition is generated by setting the STAREQ bit in the U2SM R4 register to 1 (start).

A restart condition is generated by setting the RSTAREQ bit in the U2SMRA4 register to 1 (start).
A stop condition is generated by setting the STPREQ bit in the U2SMRA4 register to 1 (start).
The output procedureis as follows:

(1) Setthe STAREQ bit, RSTAREQ bit or STPREQ bit to 1 (start).

(2) Setthe STSPSEL bit in the U2SMRA4 register to 1 (output).

Table 22.13 lists the STSPSEL Bit Functions. Figure 22.16 shows the STSPSEL Bit Functions.

Table 22.13 STSPSEL Bit Functions

Function STSPSEL =0 STSPSEL =1
Output of pins SCL2 Output of transfer clock and data Output of start/stop conditions
and SDA2 Output of start/stop conditions is according to bits STAREQ,

accomplished by a program using ports | RSTAREQ, and STPREQ
(not automatically generated in
hardware)

Start/stop condition Detection of start/stop conditions Completion of start/stop condition

interrupt request generation
generation timing

(1) Slave Mode
CKDIR =1 (external clock)

STSPSEL bit 0

1st 2nd 3rd 4

5th 6th 7th 8th 9th bit
SCL2

SDA2

I

Start condition Stop condition
detection interrupt detection interrupt

(2) Master Mode
CKDIR = 0 (internal clock), CKPH =1 (with clock delay)

STSPSELbit | l—\_
\ \ A \

Setto1by SettoO by Settol by SettoO by
a program. a program. a program. a program.

1st 2nd 3rd 4th 5th 6th 7th 8th 9th bit
SCL2

SDA2

Set STLREQ =1 / T

start Set STPREQ =1 - .
(star) Start condition detection (start) Stop condition detection
interrupt interrupt

Figure 22.16 STSPSEL Bit Functions
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22.5.3 Transfer Clock

Thetransfer clock is used to transmit and receive dataasis shown in Figure 22.14 Transfer to U2RB Register
and Interrupt Timing.

The CSC bit in the U2SMR2 register is used to synchronize an internally generated clock (internal SCL2) and
an external clock supplied to the SCL2 pin. When the CSC bit is set to 1 (clock synchronization enabled), if a
falling edge on the SCL 2 pin is detected while the internal SCL2 is high, theinternal SCL2 goeslow. The value
in the U2BRG register is reloaded and counting of the low-level intervals starts. If the internal SCL2 changes
state from low to high while the SCL 2 pinislow, counting stops. If the SCL2 pin goes high, counting restarts.
Inthisway, the UART2 transfer clock is equivalent to AND of theinternal SCL2 and the clock signal applied to
the SCL2 pin. The transfer clock works from a half cycle before the falling edge of the internal SCL2 1st bit to
the rising edge of the 9th bit. To use this function, select an internal clock for the transfer clock.

The SWC hit in the U2SMR2 register determines whether the SCL2 pin is fixed low or freed from low-level
output at the falling edge of the 9th clock pulse.

If the SCLHI bit in the U2SMRA4 register is set to 1 (enabled), SCL2 output is turned off (placed in the high-
impedance state) when a stop condition is detected.

Setting the SWC2 bit in the U2SMR2 register to 1 (“L” output) makesit possible to forcibly output alow-level
signal from the SCL2 pin even while sending or receiving data. Setting the SWC2 bit to O (transfer clock)
allowsthe transfer clock to be output from or supplied to the SCL 2 pin, instead of outputting alow-level signal.
If the SWC9 bit in the U2SMR4 register isset to 1 (SCL “L” hold enabled) when the CKPH bit in the U2SMR3
register is 1, the SCL2 pin is fixed low at the falling edge of the clock pulse next to the 9th. Setting the SWC9
bit to 0 (SCL “L” hold disabled) frees the SCL2 pin from low-level output.

22.5.4 SDA Output

The data written to bits b7 to b0 (D7 to DO) in the U2TB register is output in descending order from D7.

The 9th bit (D8) isACK or NACK.

Set theinitial value of SDA2 transmit output when 1ICM is set to 1 (12C mode) and bits SMD2 to SMDO in the
U2MR register are set to 000b (serial interface disabled).

BitsDL2 to DLO in the U2SMR3 register allow addition of no delays or adelay of 2 to 8 U2BRG count source
clock cyclesto the SDA2 output.

Setting the SDHI bit in the U2SMR2 register to 1 (SDA output disabled) forcibly placesthe SDA2 pinin the
high-impedance state. Do not write to the SDHI bit at the rising edge of the UART2 transfer clock.
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22.5.5 SDA Input

When the IICM2 bit is set to 0, the 1st to 8th bits (D7 to DO) of received data are stored in bits b7 to b0 in the
U2RB register. The 9th bit (D8) is ACK or NACK.

When the IICM2 bit is set to 1, the 1st to 7th bits (D7 to D1) of received data are stored in bits b6 to b0 in the
U2RB register and the 8th bit (DO) is stored in bit b8 in the U2RB register. Even when the ICM2 bit isset to 1,
if the CKPH bit is 1, the same data as when the [ICM2 hit is O can be read by reading the U2RB register after
the rising edge of 9th bit of the clock.

22.5.6 ACK and NACK

If the STSPSEL bit in the U2SMRA4 register is set to 0 (start and stop conditions not output) and the ACKC bit
in the U2SMRA4 register is set to 1 (ACK data output), the value of the ACKD bit in the U2SMRA4 register is
output from the SDA2 pin.

If the ICM2 bit is set to 0, a NACK interrupt request is generated if the SDA2 pin remains high at the rising
edge of the 9th bit of transmit clock pulse. An ACK interrupt request is generated if the SDA2 pinislow at the
rising edge of the 9th bit of the transmit clock.

If ACK2 (UART?2 reception) is selected to generate a DTC request source, a DTC transfer can be activated by
detection of an acknowledge.

22.5.7 Initialization of Transmission/Reception

If astart condition is detected while the STAC bit is set to 1 (UARTZ2 initialization enabled), the serial interface

operates as described below.

 The transmit shift register isinitialized, and the contents of the U2TB register are transferred to the transmit
shift register. In this way, the serial interface starts sending data when the next clock pulse is applied.
However, the UART2 output value does not change state and remains the same as when a start condition was
detected until the first bit of datais output in synchronization with the input clock.

« The receive shift register isinitialized, and the serial interface starts receiving data when the next clock pulse
isapplied.

e The SWC hit isset to 1 (SCL wait output enabled). Consequently, the SCL2 pin is pulled low at the falling
edge of the 9th clock pulse.

Note that when UART2 transmission/reception is started using this function, the Tl bit does not change state.
Select the external clock as the transfer clock to start UART2 transmission/reception with this setting.
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22.6 Multiprocessor Communication Function

When the multiprocessor communication function is used, data transmission/reception can be performed between a
number of processors sharing communication lines by asynchronous serial communication, in which a
multiprocessor bit is added to the data. For multiprocessor communication, each receiving station is addressed by a
unique ID code. The serial communication cycle consists of two component cycles; an ID transmission cycle for
specifying the receiving station, and a data transmission cycle for the specified receiving station. The
multiprocessor bit is used to differentiate between the ID transmission cycle and the data transmission cycle. When
the multiprocessor hit is set to 1, the cycle is an ID transmission cycle; when the multiprocessor bit is set to 0, the
cycle is a data transmission cycle. Figure 22.17 shows an Inter-Processor Communication Example Using
Multiprocessor Format (Data AAh Transmission to Receiving Station A).

The transmitting station first sends the ID code of the receiving station to perform communication as
communication data with a 1 multiprocessor bit added. It then sends transmit data as communication data with a0
multiprocessor bit added.

When communication data in which the multiprocessor bit is 1 is received, the receiving station compares that data
with its own ID. If they match, the data to be sent next is received. If they do not match, the receive station
continues to skip communication data until data in which the multiprocessor bitis 1 isagain received.

UART2 uses the MPIE bit in the U2SMRS register to implement this function. When the MPIE bit is set to 1, data
transfer from the UART2 receive register to the U2RB register, receive error detection, and the settings of the
status flags, the RI bit in the U2C1 register, bits FER and OER in the U2RB register, are disabled until datain
which the multiprocessor bit is 1 is received. On receiving areceive character in which the multiprocessor bit is 1,
the MPRB bit in the U2RB register is set to 1 and the MPIE in the U2SMRS register bit is set to 0, thus normal
reception is resumed.

When the multiprocessor format is specified, the parity bit specification is invalid. All other bit settings are the
same as those in normal asynchronous mode (UART mode). The clock used for multiprocessor communication is
the same as that in normal asynchronous mode (UART mode).

Figure 22.18 shows a Block Diagram of Multiprocessor Communication Function.

Table 22.14 lists the Registers and Settings in Multiprocessor Communication Function.

Transmitting

station
l Communication line
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID =02) (ID =03) (ID =04)
|
Serial data / 01h / / AAh \ /
(MPRB =1) (MPRB =0)
ID transmission cycle 'I‘ Data transmission cycle'I
= recelvmg station = data transmission to
specification receiving station

specified by ID
MPRB: Multiprocessor bit

Figure 22.17 Inter-Processor Communication Example Using Multiprocessor Format
(Data AAh Transmission to Receiving Station A)
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Reception
Clock
synchronous type
UART (7 bits)
UART (8 bits) UART
(7 bits)
DF2EN =0
———O
DF2EN=1 synchronous
Digital type
filter

UART (8 bits)
UART (9 bits)

UART?2 receive register

0 synchronous type

[Multiprocessor mode reception when MP = 1 (multiprocessor communication enabled)]

(1) Clock asynchronous (7 bits): Received D7 is transferred to b8 in the U2RB register.

(2) Clock asynchronous (8 bits): Received D8 is transferred to b8 in the U2RB register.
[Multiprocessor mode transmission when MP = 1 (multiprocessor communication enabled)]

(3) Clock asynchronous (7 bits): b8 in the U2TB register is transferred externally as transfer data D7.

(4) Clock asynchronous (8 bits): b8 in the U2TB register is transferred externally as transfer data D8.
[Multiprocessor mode transmission/reception]

(5) PAR is disabled.

RXD2 — Xttt 1 1 .
| 0!0!0!0'!0!0¢! 0! MPRB | |D7:D6:D5:D4:D3:D2:D1:DO e
| MSBJ/LSB conversion circuit |
Data bus high-order bits
I <>
q Data bus low-order bits
| MSBJ/LSB conversion circuit |
) L
MPTE | [D7 D6 D5 iDainsinzintipolil
| H 1 1 1 | H register
]
UART (8 bits)
UART (9 bits)
PAR Clock
enabled synchronous
.. 2SP PRYE=1 type TxD2
Transmission QL Q
1sp PAR Clock UART (7 bits) UART UART2 transmit register
disabled [synchronous UART (8 bits) (7 bits)
PRYE =0 |type
(5) Clock

SP: Stop bit

PAR: Parity bit

PRYE: Bit in U2MR register
DF2EN: Bit in URXDF register
MP: Bit in U2SMR5 register

Figure 22.18 Block Diagram of Multiprocessor Communication Function
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Table 22.14 Registers and Settings in Multiprocessor Communication Function

Register Bit Function
u2TB (O b0 to b7 Set transmit data.
MPTB SettoOor 1.
U2RB (2 b0 to b7 Receive data can be read.
MPRB Multiprocessor bit
OER, FER, SUM Error flag
U2BRG b0 to b7 Set the transfer rate.
U2MR SMD2 to SMDO Set to 100b when transfer data is 7 bits long.
Set to 101b when transfer data is 8 bits long.
CKDIR Select the internal clock or external clock.
STPS Select the stop bit.
PRY, PRYE Parity detection function disabled
IOPOL Setto 0.
u2Co CLKO, CLK1 Select the U2BRG count source.
CRS CTS or RTS function disabled
TXEPT Transmit register empty flag
CRD Set to 0.
NCH Select TXD2 pin output mode.
CKPOL Setto 0.
UFORM Setto 0.
u2C1 TE Set to 1 to enable transmission.
TI Transmit buffer empty flag
RE Set to 1 to enable reception.
RI Receive complete flag
U2IRS Select the UART2 transmit interrupt source.
U2LCH Set to 0.
U2ERE Setto O.
U2SMR b0 to b7 Setto 0.
U2SMR2 b0 to b7 Set to 0.
U2SMR3 b0 to b7 Setto 0.
U2SMR4 b0 to b7 Setto 0.
U2SMR5 MP Setto 1.
MPIE Setto 1.
URXDF DF2EN Select the digital filter enabled or disabled.
Notes:

1. Setthe MPTB bit to 1 when the ID data frame is transmitted. Set this bit to 0 when the data frame is
transmitted.

2. If the MPRB bit is set to 1, received D7 to DO are ID fields. If the MPRB bit is set to 0, received D7 to
DO are data fields.
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22.6.1 Multiprocessor Transmission

Figure 22.19 shows a Sample Flowchart of Multiprocessor Data Transmission. Set the MPBT bit in the U2TB
register to 1 for ID transmission cycles. Set the MPBT bit in the U2TB register to O for datatransmission cycles.
Other operations are the same as in universal asynchronous receiver/transmitter mode (UART mode).

=

(1) | Read the Tl bit in the U2C1 register

(1) Read the U2C1 register to confirm that the Tl bit is
set to 1. Then set the MPBT bit in the U2TB register

to 0 or 1 and write transmit data to the U2TB

No register.
Writing data to the U2TB register sets the Tl bitto O
automatically.

Yes (2) When transmission completes, the TXEPT bit is set
to 1 automatically.

Set the MPBT bit in the U2TB register (3) To continue data transmission, read that the Tl bit is 1
and write data to the U2TB register. Writing data to
| the U2TB register sets the Tl bit to 0 automatically.

Write transmit data to
the U2TB register

>
l

Read the TXEPT bit
in the U2CO register

@

Yes
@) Continue Yes
data transmission?
No

Set the TE bit
in the U2C1 register to 0

|
=

Figure 22.19 Sample Flowchart of Multiprocessor Data Transmission
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22.6.2 Multiprocessor Reception

Figure 22.20 shows a Sample Flowchart of Multiprocessor Data Reception. When the MPIE bit in the U2SMR5
register is set to 1, communication data is ignored until datain which the multiprocessor bit is 1 is received.
Communication data with a 1 multiprocessor bit added is transferred to the U2RB register as receive data. At
this time, a reception complete interrupt request is generated. Other operations are the same as in universal
asynchronous receiver/transmitter mode (UART mode). Figure 22.21 shows a Receive Operation Example
during Multiprocessor Communication (with 8-Bit Data/M ultiprocessor Bit/One-Stop Bit).

M

@

(©)

4)

®)

o

Set the MPIE bit
in the U2SMR5 register to 1

>

l

Read the RI bit in the U2C1 register

Yes

No

Read data
in the receive shift register

Own station ID?

<

Read the RI bit in the U2C1 register

Yes

No

Read receive data
in the U2RB register

Continue
data reception?

Yes

Set the RE bit
in the U2C1 register to 0

=

(1) Setthe MPIE bit in the U2SMRS5 register to 1.

(2) When the MPRB bit is detected to be 1, the
MPIE bit is set to 0 and a reception complete
interrupt request can be generated.

Read the U2C1 register to confirm that the RI
bit is set to 1. If the RI bit is 1, read data in the
receive shift register and compare the data with
its own station ID. Reading data in the U2RB
register sets the RI bit to 0 automatically.

(3) When the data matches the own station ID, the

next data reception starts. When the data does

not match the ID, set the MPIE bit to 1 and the

MCU enters the idle state.

~

(4

=

Read the U2C1 register to confirm that the RI
bit is set to 1. Then read data in the receive
shift register.

5

~

To discontinue reception, set the RE bit in the
U2CO register to 0 to complete reception.

To continue reception, restart the procedure
from step (1).

Figure 22.20 Sample Flowchart of Multiprocessor Data Reception
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Serial data

MP bit in
U2SMRS5 register

MPIE bit in
U2SMRS5 register

RI bitin
U2C1 register

U2RB register

MCU operation

User processing

Serial data

MP bit in
U2SMRS5 register

MPIE bit in
U2SMRS5 register

RI bitin
U2C1 register

U2RB register

MCU operation

User processing

Start Receive Stop Receive Marked state
bit data (ID1) MPRB  bit data (DATA1) MPRB (Idle state)
1 O|D0|Dl| |D7|1|1 0|D0|D1| |D7|0|1 1
1 frame 1 frame
K m \
Detect the MPRB bitand A reception complete  Set the Rl bit to 0. \ No reception complete
set the MPIE bit to 0. interrupt request is interrupt request is
generated. generated.
Read data in the If data does not match  The U2RB register retains
U2RB register. ~ own station ID, setthe  gtate,
MPIE bit to 1 again.
(a) When Data Does Not Match Own Station ID
Start Receive Stop Receive Marked state
bit data (ID2) MPRB  bit data (DATA2) MPRB (Idle state)
1 0|DO|D1| |D7|1|1 O|DO|D1| |D7|0|1 1
1 frame 1 frame
ID1 D2 \ >< / DATA2
Detect the MPRB bit and A reception Set the RI bit to 0. A reception Set the RI bit to 0.
set the MPIE bit to 0. complete complete

interrupt request

is generated. Read data in the

U2RB register.

If data matches own
station ID, continue
reception without any
setting changes.

interrupt request

is generated. Set the MPIE bit

to 1 again.

Read data in the
U2RB register.

(b) When Data Matches Own Station ID

MPRB: Bit in U2RB register
MPIE: Bit in U2SMR5 register

Figure 22.21

Receive Operation Example during Multiprocessor Communication (with 8-Bit

Data/Multiprocessor Bit/One-Stop Bit)
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22.6.3 RXD2 Digital Filter Select Function

When the DF2EN bit in the URXDF register is set to 1 (RXD2 digita filer enabled), the RXD2 input signal is
loaded internally viathe digital filter circuit for noise reduction. The noise canceller consists of three cascaded
latch circuits and a match detection circuit. The RXD2 input signal is sampled on the internal basic clock with a
frequency 16 times the bit rate. It is recognized as a signal and the level is passed forward to the next circuit
when three latch outputs match. When the outputs do not match, the previous value is retained.

In other words, when the level is changed within three clocks, the change is recognized as not asignal but noise.
Figure 22.22 shows a Block Diagram of RXD2 Digital Filter Circuit.

Sampling clock

Match URXDF
input Z)Qﬁlﬁ D Q D Q D Q detection register  |—»

circuit (DF2EN bit)
Latch Latch Latch F

Internal RXD2
input signal

Internal basic clock
period &)
Sampling
clock

Note:
1. When the CKDIR bit in the U2MR register is 0 (internal clock), the internal basic clock is set to fj/(n+1)
(fi = f1, 18, f32, fC; n = setting value in the U2BRG register).
When the CKDIR bit in the U2MR register is 1 (external clock), the internal basic clock is set to fEXT/(n+1)
(fEXT is input from the CLK2 pin. n = setting value in the U2BRG register).

Figure 22.22 Block Diagram of RXD2 Digital Filter Circuit
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22.7 Notes on Serial Interface (UART2)
22.7.1 Clock Synchronous Serial I/0 Mode

22.7.1.1 Transmission/Reception

When the RTS function is used with an external clock, the RTS2 pin outputs “L,” which informs the
transmitting side that the MCU is ready for a receive operation. The RTS2 pin outputs “H” when areceive
operation starts. Therefore, the transmit timing and receive timing can be synchronized by connecting the RTS2
pin to the CTS2 pin of the transmitting side. The RTS function is disabled when an internal clock is selected.

22.7.1.2 Transmission

If an external clock is selected, the following conditions must be met while the external clock is held high when
the CKPOL hit in the U2CO register is set to O (transmit data output at the falling edge and receive datainput at
the rising edge of the transfer clock), or while the external clock is held low when the CKPOL bit is set to 1
(transmit data output at the rising edge and receive data input at the falling edge of the transfer clock).

» The TE bit in the U2C1 register = 1 (transmission enabled)

* The Tl bit in the U2C1 register = O (data present in the U2TB register)

« If the CTSfunction is selected, input on the CTS2 pin="“L"

22.7.1.3 Reception

In clock synchronous serial 1/0 mode, the shift clock is generated by activating the transmitter. Set the UART2-
associated registers for transmit operation even if the MCU is used for receive operation only. Dummy datais
output from the TXD2 pin while receiving.

When an internal clock is selected, the shift clock is generated by setting the TE bit in the U2C1 register to 1
(transmission enabled) and placing dummy data in the U2TB register. When an external clock is selected, set
the TE bit to 1 (transmission enabled), place dummy datain the U2TB register, and input an external clock to
the CLK 2 pin to generate the shift clock.

If datais received consecutively, an overrun error occurs when the RE bit in the U2C1 register is set to 1 (data
present in the U2RB register) and the next receive data is received in the UART2 receive register. Then, the
OER hit inthe U2RB register is set to 1 (overrun error). At thistime, the U2RB register value isundefined. If an
overrun error occurs, the IR bit in the S2RIC register remains unchanged.

To receive data consecutively, set dummy data in the low-order byte in the U2TB register per each receive
operation.

If an external clock is selected, the following conditions must be met while the external clock is held high when
the CKPOL hit is set to 0, or while the external clock is held low when the CKPOL bhit is set to 1.

» The RE hit in the U2CL1 register = 1 (reception enabled)

* The TE bit in the U2C1 register = 1 (transmission enabl ed)

* TheTI bit in the U2C1 register = 0 (data present in the U2TB register)
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22.7.2 Special Mode 1 (12C Mode)

When generating start, stop, and restart conditions, set the STSPSEL bit in the U2SMRA4 register to 0 and wait
for more than half cycle of the transfer clock before changing each condition generation bit (STAREQ,
RSTAREQ, and STPREQ) from O to 1.
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23. Clock Synchronous Serial Interface

The clock synchronous serial interface is configured as follows.

Clock synchronous seria interface

Synchronous serial communication unit (SSU) —_— Clock synchronous communication mode

4-wire bus communication mode

12C bus Interface 12C bus interface mode

Clock synchronous serial mode

The clock synchronous serial interface uses the registers at addresses 0193h to 019Dh. Registers, bits, symbols, and
functions vary even for the same addresses depending on the mode. Refer to the registers of each function for details.
Also, the differences between clock synchronous communication mode and clock synchronous serial mode are the
options of the transfer clock, clock output format, and data output format.

23.1 Mode Selection

The clock synchronous seria interface has four modes.
Table 23.1 lists the Mode Selections. Refer to 24. Synchronous Serial Communication Unit (SSU), 25. 12C bus
I nterface and the sections that follow for details of each mode.

Table 23.1 Mode Selections

IICSEL Bitin Bit 7.ir.1 0198h (SSUBI{EI(S) Igt?rfgsg:/lRZ .
SSUIICSR | (ICEBitin ICCR1 : L Function Mode
Register Register) Register, F.S Bit in
SAR Register)

0 0 0 Synchronous serial Clock synchronous
communication unit | communication mode

0 0 1 4-wire bus communication mode
I2C bus interface I2C bus interface mode

1 1 1 Clock synchronous serial mode
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24. Synchronous Serial Communication Unit (SSU)

Synchronous serial communication unit (SSU) supports clock synchronous serial data communication.

24.1 Overview

Table 24.1 lists a Synchronous Serial Communication Unit Specifications and Figure 24.1 shows a Block Diagram
of Synchronous Serial Communication Unit. Table 24.2 lists the Pin Configuration of Synchronous Serial

Communication Unit.

Table 24.1

Synchronous Serial Communication Unit Specifications

Item

Specification

Transfer data format

« Transfer data length: 8 to 16 bits
Continuous transmission and reception of serial data are supported since
both transmitter and receiver have buffer structures.

Operating modes

« Clock synchronous communication mode
« 4-wire bus communication mode (including bidirectional communication)

Master/slave device

Selectable

1/O pins

SSCK (1/O): Clock I/O pin
SSI (I/0): Data I/O pin

SSO (I/0): Data I/0 pin

SCS (I/0): Chip-select I/O pin

Transfer clocks

* When the MSS bit in the SSCRH register is set to 0 (operates as slave
device), external clock is selected (input from SSCK pin).

* When the MSS bit in the SSCRH register is set to 1 (operates as master
device), internal clock (selectable among f1/256, f1/128, f1/64, f1/32, f1/16,
f1/8 and f1/4, output from SSCK pin) is selected.

« Clock polarity and phase of SSCK can be selected.

Receive error detection

« Overrun error
Overrun error occurs during reception and completes in error. While the
RDRF bit in the SSSR register is set to 1 (data in the SSRDR register) and
when next serial data receive is completed, the ORER bit is set to 1.

Multimaster error
detection

« Conflict error
When the SSUMS bit in the SSMR2 register is set to 1 (4-wire bus
communication mode) and the MSS bit in the SSCRH register is set to 1
(operates as master device) and when starting a serial communication, the
CE bit in the SSSR register is set to 1 if “L” applies to the SCS pin input.
When the SSUMS bit in the SSMR2 register is set to 1 (4-wire bus
communication mode), the MSS bit in the SSCRH register is set to 0
(operates as slave device) and the SCS pin input changes state from “L”" to
“H", the CE bit in the SSSR register is set to 1.

Interrupt requests

5 interrupt requests (transmit-end, transmit-data-empty, receive-data-full,
overrun error, and conflict error) (),

Select functions

« Data transfer direction
Selects MSB-first or LSB-first
* SSCK clock polarity
Selects “L" or “H” level when clock stops
¢ SSCK clock phase
Selects edge of data change and data download

Note:

1. Synchronous serial communication unit has only one interrupt vector table.
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Figure 24.1 Block Diagram of Synchronous Serial Communication Unit
Table 24.2  Pin Configuration of Synchronous Serial Communication Unit
Pin Name Assigned Pin 110 Function

SSli P3_3,P3_4,0rP1_6 I/O Data I/O pin

SCS P3 30orP3 4 110 Chip-select signal 1/0 pin
SSCK P3_5 I/1O Clock 1/0O pin

SSO P3_7 I/O Data I/O pin
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24.2 Registers

24.2.1 Module Standby Control Register (MSTCR)
Address 0008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — [MSTTRC|MSTTRD| MSTIIC | — | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl —
b2 —
b3 MSTIIC |SSU, I2C bus standby bit 0: Active R/W
1: Standby
b4 |MSTTRD |Power consumption reduce bit Set to 1. R/W
The power consumption can be reduced.
b5 |MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby (2)
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —
Notes:

1. When the MSTIIC bit is set to 1 (standby), any access to the SSU or the 12C bus associated registers (addresses
0193h to 019Dh) is disabled.

2. When the MSTTRC bit is set to 1 (standby), any access to the timer RC associated registers (addresses 0120h
to 0133h) is disabled.

24.2.2 SSUJ/IIC Pin Select Register (SSUIICSR)
Address 018Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | — | — — IICSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IICSEL |[SSU/I2C bus switch bit 0: SSU function selected R/W
1: 12C bus function selected
bl — Reserved bit Setto 0. R/W
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 —

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 363 of 573



R8C/32C Group 24. Synchronous Serial Communication Unit (SSU)

24.2.3 SS Bit Counter Register (SSBR)
Address 0193h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | BS3 BS2 BS1 BSO

After Reset 1 1 1 1 1 0 0 0

Bit Symbol Bit Name Function R/W

b0 BSO it (1) b3 b2 b1 bo R/W

SSU data transfer length set bit 0000 16 bits

bl BS1 . R/W

b5 557 100 0: 8 bits RIW
100 1:9bits

b3 | BS3 101 0: 10 bits RIW
101 1: 11 bits
1100: 12 bits
110 1: 13 bits
111 0: 14 bits
111 1: 15 bits

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

b5 —

b6 —

b7 —

Note:

1. Do not write to bits BSO to BS3 during SSU operation.

To set the SSBR register, set the RE bit in the SSER register to 0 (reception disabled) and the TE bit to 0
(transmission disabled).

Bits BSO to BS3 (SSU Data Transfer Length Set Bit)
Asthe SSU data transfer length, 8 to 16 bits can be used.

24.2.4 SS Transmit Data Register (SSTDR)
Address 0195h to 0194h

Bit b7 b6 b5 b4 b3 b2 bl b0
smool [ — [ — [ — [ — [ — [ — [ — ] -
After Reset 1 1 1 1 1 1 1 1
Bit b15 b14 b13 b12 b1l b10 b9 b8
Symbol — — — — — — — —
After Reset 1 1 1 1 1 1 1 1
Bit Symbol Function R/W
b15 to b0 — Store the transmit data. (1) RIW

The stored transmit data is transferred to the SSTRSR register and transmission is
started when it is detected that the SSTRSR register is empty.

When the next transmit data is written to the SSTDR register during the data
transmission from the SSTRSR register, the data can be transmitted continuously.
When the MLS bit in the SSMR register is set to 1 (transfer data with LSB-first), the data
in which MSB and LSB are reversed is read, after writing to the SSTDR register.

Note:
1. When the SSU data transfer length is set to 9 bits or more with the SSBR register, access the SSTDR register in
16-bit units.
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24.2.5 SS Receive Data Register (SSRDR)
Address 0197h to 0196h

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — [ — 1 — [ —
After Reset 1 1 1 1 1 1 1 1
Bit b15 b14 b13 bl12 b1l b10 b9 b8
Symbol — — — — — — — —
After Reset 1 1 1 1 1 1 1 1
Bit Symbol Function R/W
b15 to b0 — Store the receive data. (1, 2) R

The receive data is transferred to the SSRDR register and the receive operation is
completed when 1 byte of data has been received by the SSTRSR register. At this time,
the next receive operation is possible.

Continuous reception is possible using registers SSTRSR and SSRDR.

Notes:

1. The SSRDR register retains the data received before an overrun error occurs (ORER bit in the SSSR register set
to 1 (overrun error)). When an overrun error occurs, the receive data may contain errors and therefore should be
discarded.

2. When the SSU data transfer length is set to 9 bits or more with the SSBR register, access the SSRDR register in
16-bit units.

24.2.6 SS Control Register H (SSCRH)
Address 0198h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — |RSSTP| MSS | — | — CKS2 | CKS1 | CKSO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CKSO it (1) b2 b1 b0 R/W
Transfer clock select bit 00 0- 11/256
bl CKsS1 R/W
b5 CKSo 001:f1/128 RIW
010:fl/64
011:f1/32
100: f1/16
101:f1/8
110:f1/4
11 1: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 MSS |Master/slave device select bit (2) |0: Operates as slave device R/W
1: Operates as master device
b6 RSSTP |Receive single stop bit (3) 0: Maintains receive operation after receiving 1 byte of | R/W
data
1: Completes receive operation after receiving 1 byte
of data
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
Notes:

1. The set clock is used when the MSS bit is set to 1 (operates as master device).

2. The SSCK pin functions as the transfer clock output pin when the MSS bit is set to 1 (operates as master
device). The MSS bit is set to O (operates as slave device) when the CE bit in the SSSR register is set to 1
(conflict error occurs).

3. The RSSTP bit is disabled when the MSS bit is set to 0 (operates as slave device).
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24.2.7 SS Control Register L (SSCRL)
Address 0199h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | SOL | SOLP | — — SRES —
After Reset 0 1 1 1 1 1 0 1
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
bl SRES |SSU control unit reset bit Writing 1 to this bit resets the SSU control unit and the | R/W

SSTRSR register.
The value in the SSU internal register (1) is retained.

b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b3 —
b4 SOLP [SOL write protect bit (2) The output level can be changed by the SOL bit when | R/W

this bit is set to 0.

The SOLP bit remains unchanged even if 1 is written
to it. When read, the content is 1.

b5 SOL  |Serial data output value setting bit |When read RIW
0: The serial data output is set to “L".
1: The serial data output is set to “H".
When written (2, 3)

0: The data output is “L".

1: The data output is “H".

b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
Notes:

1. Registers SSBR, SSCRH, SSCRL, SSMR, SSER, SSSR, SSMR2, SSTDR, and SSRDR.

2. For the data output after serial data transmission, the last bit value of the transmitted serial data is retained.
If the content of the SOL bit is rewritten before or after serial data transmission, the change is immediately
reflected in the data output.
When writing to the SOL bit, set the SOLP bit to 0 and the SOL bit to 0 or 1 simultaneously by the MOV
instruction.

3. Do not write to the SOL bit during data transfer.
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24.2.8 SS Mode Register (SSMR)

Address 019Ah
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| MLS | CPOS | CPHS | — | BC3 BC2 BC1 BCO
After Reset 0 0 0 1 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 BCO |Bits counter 3to 0 bgbétbl%({ 6 bits left
b1 BC1 1 16 bits le

000 1: 1 bit left
bz | BC2 00 10: 2 bits left
b3 BC3 001 1: 3 bits left
01 0 0: 4 bits left
010 1: 5 bits left
011 0: 6 bits left
0111:7 bits left
100 0: 8 bits left
100 1: 9 bits left
101 0: 10 bits left
101 1:11 bits left
110 0: 12 bits left
110 1:13 bits left
1110: 14 bits left
111 1:15 bits left
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 CPHS |SSCK clock phase select bit (1) 0: Change data at odd edge R/W

(Download data at even edge)
1: Change data at even edge

(Download data at odd edge)
b6 CPOS [SSCK clock polarity select bit (1) 0: “H” when clock stops R/W
1: “L” when clock stops
b7 MLS |MSB first/LSB first select bit 0: Transfers data MSB first R/W
1: Transfers data LSB first

| | | T

Note:
1. Referto 24.3.1.1 Association between Transfer Clock Polarity, Phase, and Data for the settings of the CPHS
and CPOS bhits.
When the SSUMS bit in the SSMR2 register is set to 0 (clock synchronous communication mode), set the CPHS
bit to 0 and the CPOS bit to 0.
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24.2.9 SS Enable Register (SSER)
Address 019Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TIE | TEIE | RIE | TE | RE — — CEIE

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 CEIE |[Conflict error interrupt enable bit |0: Disables conflict error interrupt request R/W
1: Enables conflict error interrupt request

bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b2 —

b3 RE Receive enable bit 0: Disables receive R/W
1: Enables receive

b4 TE Transmit enable bit 0: Disables transmit R/W
1: Enables transmit

b5 RIE  |Receive interrupt enable bit 0: Disables receive data full and overrun error interrupt | R/W

request
1: Enables receive data full and overrun error interrupt
request

b6 TEIE |Transmit end interrupt enable bit |0: Disables transmit end interrupt request R/W
1: Enables transmit end interrupt request

b7 TIE |Transmit interrupt enable bit 0: Disables transmit data empty interrupt request R/W
1: Enables transmit data empty interrupt request
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24.2.10 SS Status Register (SSSR)
Address 019Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TDRE | TEND | RDRF | — | — ORER — CE
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CE |Conflict error flag 1) 0: No conflict errors generated R/IW
1: Conflict errors generated ()
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b2 ORER |Overrun error flag (1) 0: No overrun errors generated R/W
1: Overrun errors generated (3)
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 RDRF |Receive data register full flag (1,4) |0: No data in SSRDR register R/W
1: Data in SSRDR register
b6 TEND |Transmit end flag (1. 5 0: The TDRE bit is set to 0 when transmitting the last | R/W
bit of transmit data
1: The TDRE bit is set to 1 when transmitting the last
bit of transmit data
b7 TDRE |Transmit data empty flag (. 5. 6) 0: Data is not transferred from registers SSTDR to R/W
SSTRSR
1: Data is transferred from registers SSTDR to
SSTRSR
Notes:
1. Writing 1 to CE, ORER, RDRF, TEND, or TDRE bits is invalid. To set any of these bits to O, first read 1 then write
0

2. When the serial communication is started while the SSUMS bit in the SSMR2 register is set to 1 (four-wire bus
communication mode) and the MSS bit in the SSCRH register is set to 1 (operates as master device), the CE bit
is set to 1 if “L” is applied to the SCS pin input. Refer to 24.5.4 SCS Pin Control and Arbitration for more
information.

When the SSUMS bit in the SSMR2 register is set to 1 (four-wire bus communication mode), the MSS bit in the
SSCRH register is set to 0 (operates as slave device) and the SCS pin input changes the level from “L” to “H”
during transfer, the CE bit is set to 1.

3. Indicates when overrun errors occur and receive completes by error reception. If the next serial data receive
operation is completed while the RDRF bit is set to 1 (data in the SSRDR register), the ORER bit is set to 1.
After the ORER bit is set to 1 (overrun error), receive operation is disabled while the bit remains 1.

4. The RDRF bit is set to 0 when reading out the data from the SSRDR register.

Bits TEND and TDRE are set to 0 when writing data to the SSTDR register.

6. The TDRE bit is set to 1 when the TE bit in the SSER register is set to 1 (transmit enabled).

o

If the SSSR register is accessed continuously, insert one or more NOP instructions between the instructions
used for access.
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24.2.11 SS Mode Register 2 (SSMR2)
Address 019Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | BIDE | SCKS | CSSs1 | CSS0 | SCKOS | SOOS | CSOS | SSUMS
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 SSUMS [SSU mode select bit (1) 0: Clock synchronous communication mode R/W
1: Four-wire bus communication mode
bl | CSOS |sCs pin open drain output select |0: CMOS output _ RIW
bit 1: N-channel open-drain output
b2 SOOS  |Serial data pin open output drain  |0: CMOS output ) R/W
select bit (1) 1: N-channel open-drain output
b3 SCKOS [SSCK pin open drain output select [0: CMOS output R/W
bit 1: N-channel open-drain output
Eg 822(1) SCS pin select bit (2) b(S)bcé)lz Functions as port EM
0 1: Functions as SCS input pin
1 0: Functions as SCS output pin (3)
1 1: Functions as SCS output pin 3
b6 SCKS |SSCK pin select bit 0: Functions as port R/W
1: Functions as serial clock pin
b7 BIDE |Bidirectional mode enable bit (1. 4) |0: Standard mode (communication using 2 pins of data | R/W
input and data output)
1: Bidirectional mode (communication using 1 pin of
data input and data output)
Notes:
1. Referto 24.3.2.1 Association between Data I/O Pins and SS Shift Register for information on combinations of
data I/O pins.

2. The SCS pin functions as a port, regardless of the values of bits CSS0 and CSS1 when the SSUMS bit is set to
0 (clock synchronous communication mode).

3. This bit functions as the SCS input pin before starting transfer.

The BIDE bit is disabled when the SSUMS bit is set to O (clock synchronous communication mode).

5. When the SOOS bit is set to 0 (CMOS output), set the port direction register bits corresponding to pins SSI and
SSO to 0 (input mode).

P
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24.3 Common Items for Multiple Modes

24.3.1 Transfer Clock

The transfer clock can be selected from among seven internal clocks (f1/256, f1/128, 1/64, f1/32, f1/16, f1/8,
and f1/4) and an external clock.

When using synchronous serial communication unit, set the SCKS bit in the SSMR2 register to 1 and select the
SSCK pin asthe seria clock pin.

When the MSS bit in the SSCRH register is set to 1 (operates as master device), an internal clock can be
selected and the SSCK pin functions as output. When transfer is started, the SSCK pin outputs clocks of the
transfer rate selected by bits CKS0 to CKS2 in the SSCRH register.

When the MSS hit in the SSCRH register is set to O (operates as slave device), an external clock can be selected
and the SSCK pin functions as input.

24.3.1.1 Association between Transfer Clock Polarity, Phase, and Data

The association between the transfer clock polarity, phase and data changes according to the combination of the
SSUMS bit in the SSMR2 register and bits CPHS and CPOS in the SSMR register.

Figure 24.2 shows the Association between Transfer Clock Polarity, Phase, and Transfer Data.

Also, the MSB-first transfer or LSB-first transfer can be selected by setting the MLS bit in the SSMR register.
When the ML S bit is set to 1, transfer is started from the LSB and proceeds to the MSB. When the MLS bit is
set to O, transfer is started from the MSB and proceedsto the L SB.
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e SSUMS = 0 (clock synchronous communication mode), CPHS bit = 0 (data change at odd
edge), and CPOS bit = 0 (“H” when clock stops)

SSCK

A4 A4 A4 A4 A4 A4 A4 A4
SSO, sSi ><b0><b1><b2><b3><b4><b5><b6><b7

e SSUMS =1 (4-wire bus communication mode) and CPHS = 0 (data change at odd edge)

SSCK
CPOS =0

(“H” when clock stops)

SSCK
CPOS=1
(“L" when clock stops)
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¢ SSUMS = 1 (4-wire bus communication mode) and CPHS = 1 (data download at odd edge)
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(“H” when clock stops)
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(“L” when clock stops)
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CPHS and CPOS: Bits in SSMR register, SSUMS: Bit in SSMR2 register

Figure 24.2  Association between Transfer Clock Polarity, Phase, and Transfer Data
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24.3.2 SS Shift Register (SSTRSR)

The SSTRSR register is a shift register for transmitting and receiving serial data.

When transmit data is transferred from the SSTDR register to the SSTRSR register and the MLS bit in the
SSMR register is set to 0 (MSB-first), the bit 0 in the SSTDR register is transferred to bit 0 in the SSTRSR
register. When the ML S bit is set to 1 (LSB-first), bit 7 in the SSTDR register is transferred to bit 0 in the
SSTRSR register.

24.3.2.1 Association between Data I/0O Pins and SS Shift Register

The connection between the data 1/0 pins and SSTRSR register (SS shift register) changes according to a
combination of the MSS bit in the SSCRH register and the SSUMS hit in the SSMR2 register. The connection
al so changes according to the BIDE hit in the SSMR2 register.

Figure 24.3 shows the Association between Data |/O Pins and SSTRSR Register.

e SSUMS =0 e SSUMS =1 (4-wire bus communication mode),
(clock synchronous communication mode) BIDE = 0 (standard mode), and MSS = 1 (operates as
| master device) |

—>| SSTRSR register SSO —>| SSTRSR register SSO
] ]
- <> SSI -t C:) SSi
| I
¢ SSUMS =1 (4-wire bus communication mode), ¢ SSUMS =1 (4-wire bus communication mode) and
BIDE = 0 (standard mode), and MSS = 0 (operates BIDE =1 (bidirectional mode)

as slave device) |

|
|—| SSTRSR register SSO | SSTRSR register SSO
| |
ss| - <:> ss|
|

Figure 24.3  Association between Data I/O Pins and SSTRSR Register
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24. Synchronous Serial Communication Unit (SSU)

24.3.3 Interrupt Requests

Synchronous serial communication unit has five interrupt requests: transmit data empty, transmit end, receive
data full, overrun error, and conflict error. Since these interrupt regquests are assigned to the synchronous serial
communication unit interrupt vector table, determining interrupt sources by flags is required.

Table 24.3 lists the Synchronous Serial Communication Unit Interrupt Requests.

Table 24.3  Synchronous Serial Communication Unit Interrupt Requests

Interrupt Request Abbreviation Generation Condition
Transmit data empty TXI TIE=1, TDRE=1
Transmit end TEI TEIE=1, TEND =1
Receive data full RXI RIE=1, RDRF =1
Overrun error OEl RIE=1,ORER =1
Conflict error CEl CEIE=1,CE=1

CEIE, RIE, TEIE and TIE: Bits in SSER register

ORER, RDRF, TEND and TDRE: Bits in SSSR register

If the generation conditions in Table 24.3 are met, a synchronous serial communication unit interrupt request is
generated. Set each interrupt source to 0 by a synchronous serial communication unit interrupt routine.

However, the TDRE and TEND bits are automatically set to O by writing transmit data to the SSTDR register and
the RDRF bit is automatically set to 0 by reading the SSRDR register. In particular, the TDRE bit is set to 1 (data
transmitted from registers SSTDR to SSTRSR) at the same time transmit data is written to the SSTDR register.
Setting the TDRE bit to 0 (data not transmitted from registers SSTDR to SSTRSR) can cause an additional byte of

data to be transmitted.
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24.3.4 Communication Modes and Pin Functions

Synchronous serial communication unit switches the functions of the 1/0 pins in each communication mode
according to the setting of the M SS hit in the SSCRH register and bits RE and TE in the SSER register.
Table 24.4 lists the Association between Communication Modes and 1/0 Pins.

Table 24.4  Association between Communication Modes and 1/O Pins

Communication Mode Bit Setting Pin State
SSUMS | BIDE MSS TE RE SSi SSO SSCK
Clock synchronous 0 Disabled |0 1 Input - Input
communication mode 1 0 ) Output | Input
1 Input Output | Input
1 0 1 Input -@ Output
1 0 -@ Output | Output
1 Input Output | Output
4-wire bus 1 0 0 0 1 -@ Input Input
communication mode 1 0 Output |- (@) Input
1 Output | Input Input
1 0 1 Input - Output
1 0 - Output | Output
1 Input Output | Output
4-wire bus 1 1 0 0 1 - @ Input Input
(bidirectional) 1 0 - Output | Input
communication mode (2) 1 0 1 — Input Output
1 0 -@ Output | Output
Notes:

1. This pin can be used as a programmable I/O port.

2. Do not set both bits TE and RE to 1 in 4-wire bus (bidirectional) communication mode.
SSUMS and BIDE: Bits in SSMR2 register
MSS: Bit in SSCRH register
TE and RE: Bits in SSER register
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24.4  Clock Synchronous Communication Mode

24.4.1 Initialization in Clock Synchronous Communication Mode

Figure 24.4 shows Initialization in Clock Synchronous Communication Mode. To initialize, set the TE bit in the
SSER register to 0 (transmit disabled) and the RE bit to O (receive disabled) before data transmission or
reception.

Set the TE bit to 0 and the RE bit to 0 before changing the communication mode or format.

Setting the RE bit to 0 does not change the contents of flags RDRF and ORER or the contents of the SSRDR

register.

SSER register RE bit« 0
TE bit < 0

| SSMR2 register SSUMS bit « 0 |

SSMR register CPHS bit« 0
CPOS bit «- 0
Set MLS bit

SSCRH register Set MSS bit

SSMR2 register SCKS bit « 1
Set SOOS bit

SSCRH register  Set bits CKS0 to CKS2
Set RSSTP bit

| SSSR register ORER bit <- 0 @) |

SSER register RE bit « 1 (receive)
TE bit « 1 (transmit)
Set bits RIE, TEIE, and TIE

End

Note:
1. Write 0 after reading 1 to set the ORER bit to 0.

Figure 24.4 Initialization in Clock Synchronous Communication Mode
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24.4.2 Data Transmission

Figure 24.5 shows an Example of Synchronous Serial Communication Unit Operation for Data Transmission
(Clock Synchronous Communication Mode, 8-Bit SSU Data Transfer Length). During data transmission, the
synchronous serial communication unit operates as described below (The data transfer length can be set from 8
to 16 bits using the SSBR register).

When synchronous serial communication unit is set as a master device, it outputs a synchronous clock and data.
When synchronous serial communication unit is set as a slave device, it outputs data synchronized with the
input clock.

When the TE bit isset to 1 (transmit enabled) before writing the transmit datato the SSTDR register, the TDRE
bit is automatically set to O (data not transferred from registers SSTDR to SSTRSR) and the data is transferred
from registers SSTDR to SSTRSR.

After the TDRE bit is set to 1 (data transferred from registers SSTDR to SSTRSR), transmission starts. When
the TIE bit in the SSER register is set to 1, the TXI interrupt request is generated. When one frame of datais
transferred while the TDRE bit is set to O, data is transferred from registers SSTDR to SSTRSR and
transmission of the next frame is started. If the 8th bit is transmitted while the TDRE bit is set to 1, the TEND
bit in the SSSR register is set to 1 (the TDRE bit is set to 1 when the last bit of the transmit data is transmitted)
and the state is retained. The TEI interrupt request is generated when the TEIE bit in the SSER register is set to
1 (transmit-end interrupt request enabled). The SSCK pinisfixed “H” after transmit-end.

Transmission cannot be performed while the ORER bit in the SSSR register is set to 1 (overrun error). Confirm
that the ORER hit is set to O before transmission.

Figure 24.6 shows a Sample Flowchart of Data Transmission (Clock Synchronous Communication Mode).

e SSUMS = 0 (clock synchronous communication mode), CPHS = 0 (data change at
odd numbers), CPOS = 0 (“H” when clock stops), and BS3 to BS0O = 1000b (8 bits)

s e U e U S O

§><boxbl>< ><b7;<bo><b1><§><m

1 frame

TDRE bit in Bl
SSSR register L ‘ g / TEI interrupt request
\ r generation

TEND bit in TXI interrupt request generation
SSSR register

BSO0 to BS3: Bits in SSBR register
Write data to SSTDR register CPHS, CPOS: Bits in SSMR register
SSUMS: Bit in SSMR2 register

Processing
by program

Figure 24.5 Example of Synchronous Serial Communication Unit Operation for Data Transmission
(Clock Synchronous Communication Mode, 8-Bit SSU Data Transfer Length)
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€0

@

®

Start

i

| Initialization

<

| Read TDRE bit in SSSR register

No

Yes

Write transmit data to SSTDR register

Data
transmission
continues?

No

Yes

Read TEND bit in SSSR register

No

Yes

| SSSR register  TEND bit < 0 ®

| SSER register TE bit < 0

End

(1) After reading the SSSR register and confirming
that the TDRE bit is set to 1, write the transmit
data to the SSTDR register. When the transmit
data is written to the SSTDR register, the TDRE
bit is automatically set to 0.

(2) Determine whether data transmission continues.

(3) When data transmission is completed, the TEND
bit is set to 1. Set the TEND bit to O and the TE bit
to 0 and complete transmit mode.

Note:
1. Write 0 after reading 1 to set the TEND bit to O.
Figure 24.6 Sample Flowchart of Data Transmission (Clock Synchronous Communication Mode)
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24.4.3 Data Reception

Figure 24.7 shows an Example of Synchronous Serial Communication Unit Operation for Data Reception
(Clock Synchronous Communication Mode, 8-Bit SSU Data Transfer Length). During data reception,
synchronous serial communication unit operates as described below (The data transfer length can be set from 8
to 16 bits using the SSBR register).

When the synchronous serial communication unit is set as the master device, it outputs a synchronous clock and
inputs data. When synchronous serial communication unit is set as a slave device, it inputs data synchronized
with the input clock.

When synchronous serial communication unit is set as a master device, it outputs a receive clock and starts
receiving by performing dummy read of the SSRDR register.

After 8 bits of data are received, the RDRF bit in the SSSR register is set to 1 (datain the SSRDR register) and
receive data is stored in the SSRDR register. When the RIE bit in the SSER register is set to 1 (RXI and OEI
interrupt requests enabled), the RX1 interrupt request is generated. If the SSDR register isread, the RDRF bit is
automatically set to O (no datain the SSRDR register).

Read the receive data after setting the RSSTP bit in the SSCRH register to 1 (after receiving 1 byte of data, the
receive operation is completed). Synchronous serial communication unit outputs a clock for receiving 8 bits of
data and stops. After that, set the RE bit in the SSER register to O (receive disabled) and the RSSTP bit to 0
(receive operation is continued after receiving the 1 byte of data) and read the receive data. If the SSRDR
register is read while the RE bit is set to 1 (receive enabled), areceive clock is output again.

When the 8th clock rises while the RDRF bit is set to 1, the ORER bit in the SSSR register is set to 1 (overrun
error: OEI) and the operation is stopped. When the ORER bit is set to 1, receive cannot be performed. Confirm
that the ORER bit is set to O before restarting receive.

Figure 24.8 shows a Sample Flowchart of Data Reception (MSS = 1) (Clock Synchronous Communication
Mode).

e SSUMS = 0 (clock synchronous communication mode), CPHS = 0 (data download at
even edges), CPOS bit = 0 (“H” when clock stops), and BS3 to BSO = 1000b (8 bits)

s | [ L LT LT LT
b0 55' b7: b0 5 b7 b0 g b7
[

1 frame _
RDRF bit in 55 T
SSSR register
A 55 /1 A g /1 A
RXI interrupt request RXI interrupt request 5/(_
RSSTP bit in generation generation IV

ST

SSI

A

1 frame

SSCRH register g RXI interrupt request
generation

Processing Dummy read in Read data in SSRDR Set RSSTP bitto 1 Read data in

by program SSRDR register register SSRDR register

BSO to BS3: Bits in SSBR register
CPHS, CPOS: Bits in SSMR register
SSUMS: Bit in SSMR2 register

Figure 24.7 Example of Synchronous Serial Communication Unit Operation for Data Reception
(Clock Synchronous Communication Mode, 8-Bit SSU Data Transfer Length)
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| Initialization
1) | Dummy read of SSRDR register (1) After setting each register in the synchronous serial
communication unit register, a dummy read of the
SSRDR register is performed and the receive
operation is started.
%) Last data
received? (2) Determine whether it is the last 1 byte of data to be
received. If so, set to stop after the data is received.
Read ORER bit in SSSR register
Yes
3) ORER=17? (3) If a receive error occurs, perform error
(6) processing after reading the ORER bit. Then set
the ORER bit to 0. Transmission/reception cannot
No be restarted while the ORER bit is set to 1.
Read RDRF bit in SSSR register
4 (4) Confirm that the RDRF bit is set to 1. If the RDRF
RDRF =17 bit is set to 1, read the receive data in the SSRDR
register. When the SSRDR register is read, the
Yes RDRF bit is automatically set to 0.
| Read receive data in SSRDR register
I
I
(5) | SSCRH register RSSTP bit < 1 (5) Before the last 1 byte of data is received, set the
RSSTP bit to 1 and stop after the data is
>| received.
| Read ORER bit in SSSR register
Yes
(6)
No
Read RDRF in SSSR register
No (7) Confirm that the RDRF bit is set to 1. When the
RDRF =17 receive operation is completed, set the RSSTP bit to
(7) 0 and the RE bit to 0 before reading the last 1 byte
Yes of data. If the SSRDR register is read before setting
the RE bit to 0, the receive operation is restarted
| SSCRH register RSSTP bit < 0 again.
| Overrun
| SSER register RE bit < 0 error
| processing
| Read receive data in SSRDR register
End
Figure 24.8 Sample Flowchart of Data Reception (MSS = 1) (Clock Synchronous Communication

Mode)
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24.4.3.1 Data Transmission/Reception

Data transmission/reception is an operation combining data transmission and reception which were described
earlier. Transmission/reception is started by writing data to the SSTDR register.

When the last transfer clock (The data transfer length can be set from 8 to 16 bits using the SSBR register) rises
or the ORER bit is set to 1 (overrun error) while the TDRE bit is set to 1 (data is transferred from registers
SSTDR to SSTRSR), the transmit/receive operation is stopped.

When switching from transmit mode (TE = 1) or receive mode (RE = 1) to transmit/receive mode (TE = RE =
1), set the TE bit to 0 and RE bit to 0 before switching. After confirming that the TEND bit is set to O (the
TDRE bit is set to 0 when the last bit of the transmit data is transmitted), the RDRF hit is set to O (no datain the
SSRDR register), and the ORER bit is set to 0 (no overrun error), set bits TE and RE to 1.

Figure 24.9 shows a Sample Flowchart of Data Transmission/Reception (Clock Synchronous Communication
Mode).

When exiting transmit/receive mode after this mode is used (TE = RE = 1), a clock may be output if
transmit/receive mode is exited after reading the SSRDR register. To avoid any clock outputs, perform either of
the following:

- First set the RE bit to 0, and then set the TE bit to 0.
- Set bits TE and RE to 0 at the sametime.

When subsequently switching to receive mode (TE = 0 and RE = 1), first set the SRES hit to 1, and set this bit
to O to reset the SSU control unit and the SSTRSR register. Then, set the RE bit to 1.
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Start

i

| Initialization |

(1) | Read TDRE bit in SSSR register | (1) After reading the SSSR register and confirming
that the TDRE bit is set to 1, write the transmit
data to the SSTDR register. When the transmit
data is written to the SSTDR register, the TDRE

No o .
bit is automatically set to 0.
Yes

| Write transmit data to SSTDR register |

>

2) | Read RDRF bit in SSSR register | ) -
(2) Confirm that the RDRF bit is set to 1. If the RDRF
bit is set to 1, read the receive data in the SSRDR
No register. When the SSRDR register is read, the
RDRE = 1 ? RDREF bit is automatically set to 0.
Yes

Read receive data in SSRDR register

Data

(3) transmission @ (3) Determine whether the data transmission
continues? continues
No
@) Read TEND bit in SSSR register (4) When the data transmission is completed, the
TEND bit in the SSSR register is set to 1.
No
Yes
(5) SSSR register  TEND bit«< 0 ® (5) Set the TEND bit to 0 and bits RE and TE in
(6) the SSER register to 0 before ending transmit/
receive mode.
SSER register RE bit < 0
® TE bit < 0
End
Note:

1. Write 0 after reading 1 to set the TEND bit to 0.

Figure 24.9 Sample Flowchart of Data Transmission/Reception (Clock Synchronous
Communication Mode)
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24.5 Operation in 4-Wire Bus Communication Mode

In 4-wire bus communication mode, a 4-wire bus consisting of aclock line, adatainput line, adata output line, and
achip select line is used for communication. This mode includes bidirectional mode in which the data input line
and data output line function asa single pin.

The data input line and output line change according to the settings of the MSS bit in the SSCRH register and the
BIDE bit in the SSMR2 register. For details, refer to 24.3.2.1 Association between Data 1/O Pins and SS Shift
Register. In this mode, clock polarity, phase, and data settings are performed by bits CPOS and CPHS in the
SSMR register. For details, refer to 24.3.1.1 Association between Transfer Clock Polarity, Phase, and Data.
When this MCU is set as the master device, the chip select line controls output. When synchronous serial
communication unit is set as a slave device, the chip select line controls input. When it is set as the master device,
the chip select line controls output of the SCS pin or controls output of a general port according to the setting of the
CSS1 bit in the SSMR2 register. When the MCU is set as a dave device, the chip select line sets the SCS pin asan
input pin by setting bits CSS1 and CSS0 in the SSMR2 register to 01b.

In 4-wire bus communication mode, the MLS bit in the SSMR register is set to 0 and communication is performed
MSB-first.
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245.1 Initialization in 4-Wire Bus Communication Mode

Figure 24.10 shows Initialization in 4-Wire Bus Communication Mode. Before the data transit/receive
operation, set the TE bit in the SSER register to 0 (transmit disabled), the RE bit in the SSER register to 0
(receive disabled), and initialize the synchronous serial communication unit.

To change the communication mode or format, set the TE bit to 0 and the RE bit to 0 before making the change.
Setting the RE bit to 0 does not change the settings of flags RDRF and ORER or the contents of the SSRDR

register.
SSER register RE bit «- 0
TE bit < 0
SSMR2 register SSUMS bit «— 1
1) SSMR register Set bits CPHS and CPOS (1) The MLS bit is set to 0 for MSB-first transfer.
MLS bits « 0 The clock polarity and phase are set by bits
| CPHS and CPOS.
SSCRH register Set MSS bit
SSMR2 register ~ SCKS bit « 1 (2) Set the BIDE bit to 1 in bidirectional mode and
@ Set bits SOOS, CSSO to set the 1/0O of the SCS pin by bits CSS0 and
CSS1, and BIDE CSs1.

SSCRH register Set bits CKSO0 to CKS2
Set RSSTP bit

| SSSR register ORER bit«- 0 ® |

SSER register RE bit < 1 (receive)
TE bit « 1 (transmit)
Set bits RIE, TEIE, and TIE

End

Note:
1. Write 0 after reading 1 to set the ORER bit to 0.

Figure 24.10 Initialization in 4-Wire Bus Communication Mode
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245.2 Data Transmission

Figure 24.11 shows an Example of Synchronous Serial Communication Unit Operation during Data
Transmission (4-Wire Bus Communication Mode, 8-Bit SSU Data Transfer Length). During the data transmit
operation, synchronous serial communication unit operates as described below (The data transfer length can be
set from 8 to 16 bits using the SSBR register).

When the MCU is set as the master device, it outputs a synchronous clock and data. When the MCU is set asa
slave device, it outputs data in synchronization with the input clock while the SCS pinis“L”.

When the transmit data is written to the SSTDR register after setting the TE bit to 1 (transmit enabled), the
TDRE bit is automatically set to O (data has not been transferred from registers SSTDR to SSTRSR) and the
datais transferred from registers SSTDR to SSTRSR. After the TDRE bit is set to 1 (data is transferred from
registers SSTDR to SSTRSR), transmission starts. When the TIE bit in the SSER register is set to 1, a TXI
interrupt request is generated.

After 1 frame of dataistransferred while the TDRE bit is set to O, the data is transferred from registers SSTDR
to SSTRSR and transmission of the next frame is started. If the 8th bit is transmitted while TDRE is set to 1,
TEND in the SSSR register is set to 1 (when the last bit of the transmit data is transmitted, the TDRE bit is set
to 1) and the state is retained. If the TEIE bit in the SSER register is set to 1 (transmit-end interrupt requests
enabled), a TEl interrupt request is generated. The SSCK pin remains“H” after transmit-end and the SCSpinis
held “H”. When transmitting continuously while the SCS pin is held “L”, write the next transmit data to the
SSTDR register before transmitting the 8th bit.

Transmission cannot be performed while the ORER bit in the SSSR register is set to 1 (overrun error). Confirm
that the ORER hit is set to O before transmission.

In contrast to the clock synchronous communication mode, the SSO pin is placed in high-impedance state while
the SCS pin is placed in high-impedance state when operating as a master device and the SSI pin is placed in
high-impedance state while the SCS pin is placed in “H” input state when operating as a slave device.

The sample flowchart is the same as that for the clock synchronous communication mode (refer to Figure 24.6
Sample Flowchart of Data Transmission (Clock Synchronous Communication M ode)).
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» CPHS bit = 0 (data change at odd edges), CPOS bit = 0 (“H” when clock stops), and BS3 to
BS0 = 1000b (8 bits)
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SSSR register | g g
Processing Data write to SSTDR register
by program

BSO0 to BS3: Bits in SSBR register
CPHS, CPOS: Bits in SSMR register

Figure 24.11 Example of Synchronous Serial Communication Unit Operation during Data
Transmission (4-Wire Bus Communication Mode, 8-Bit SSU Data Transfer Length)
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24.5.3 Data Reception

Figure 24.12 shows an Example of Synchronous Serial Communication Unit Operation during Data Reception
(4-Wire Bus Communication Mode, 8-Bit SSU Data Transfer Length). During data reception, synchronous
serial communication unit operates as described below (The data transfer length can be set from 8 to 16 bits
using the SSBR register).

When the MCU is set as the master device, it outputs a synchronous clock and inputs data. When the MCU is
set as a slave device, it outputs data synchronized with the input clock while the SCS pin receives “L” input.
When the MCU is set as the master device, it outputs a receive clock and starts receiving by performing a
dummy read of the SSRDR register.

After 8 bits of data are received, the RDRF bit in the SSSR register is set to 1 (datain the SSRDR register) and
receive data is stored in the SSRDR register. When the RIE bit in the SSER register is set to 1 (RXI and OEI
interrupt requests enabled), an RX| interrupt request is generated. When the SSRDR register is read, the RDRF
bit is automatically set to O (no datain the SSRDR register).

Read the receive data after setting the RSSTP bit in the SSCRH register to 1 (after receiving 1-byte data, the
receive operation is completed). Synchronous serial communication unit outputs a clock for receiving 8 bits of
data and stops. After that, set the RE bit in the SSER register to O (receive disabled) and the RSSTP bit to 0
(receive operation is continued after receiving 1-byte data) and read the receive data. When the SSRDR register
isread while the RE bit is set to 1 (receive enabled), areceive clock is output again.

When the 8th clock rises while the RDRF bit is set to 1, the ORER bit in the SSSR register is set to 1 (overrun
error: OEIl) and the operation is stopped. When the ORER bit is set to 1, reception cannot be performed.
Confirm that the ORER bit is set to 0 before restarting reception.

The timing with which bits RDRF and ORER are set to 1 varies depending on the setting of the CPHS bit in the
SSMR register. Figure 24.12 shows when bits RDRF and ORER are set to 1.

When the CPHS bit is set to 1 (data download at the odd edges), bits RDRF and ORER are set to 1 at some
point during the frame.

The sample flowchart is the same as that for the clock synchronous communication mode (refer to Figure 24.8
Sample Flowchart of Data Reception (M SS = 1) (Clock Synchronous Communication Mode)).
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Figure 24.12 Example of Synchronous Serial Communication Unit Operation during Data

Reception (4-Wire Bus Communication Mode, 8-Bit SSU Data Transfer Length)
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245.4 SCS Pin Control and Arbitration

When setting the SSUMS bit in the SSMR2 register to 1 (4-wire bus communication mode) and the CSS1 bit in
the SSMR2 register to 1 (functions as SCS output pin), set the MSS bit in the SSCRH register to 1 (operates as
the master device) and check the arbitration of the SCS pin before starting serial transfer. If synchronous serial
communication unit detects that the synchronized internal SCS signal is held “L” in this period, the CE bit in
the SSSR register is set to 1 (conflict error) and the MSS bit is automatically set to O (operates as a slave
device).

Figure 24.13 shows the Arbitration Check Timing.

Future transmit operations are not performed while the CE bit is set to 1. Set the CE bit to 0 (no conflict error)
before starting transmission.

SCS input

Internal SCS
(synchronization)

synchronization

MSS bit in
SSCRH register
1 ]
i Y .
Transfer start ! E
: / b
i P
i Data write to i v
| SSTDR register ! :
CE i o
1 1 )
T T 11
g P
High-impedance H !
: |
SCS output 1 - -E' ——————————————————
H 1
1 11 . . —_—=
i . : Maximum time of SCS internal
1
1
1

-t -
ot !

During arbitration detection

Figure 24.13 Arbitration Check Timing
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24.6  Notes on Synchronous Serial Communication Unit

Set the IICSEL bit in the SSUIICSR register to 0 (select SSU function) to use the synchronous serial
communication unit function.
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25. 12C bus Interface

The 12C bus interface is the circuit that performs serial communication based on the data transfer format of the Philips
12C bus.

25.1 Overview

Table 25.1 lists the 12C bus Interface Specifications, Figure 25.1 shows an 12C bus interface Block Diagram, and
Figure 25.2 shows the External Circuit Connection Example of Pins SCL and SDA, Table 25.2 lists the Pin
Configuration of 12C bus Interface.

Table 25.1  12C bus Interface Specifications

ltem Specification

Communication formats |« |2C bus format

- Selectable as master/slave device.

- Continuous transmit/receive operation (because the shift register, transmit
data register, and receive data register are independent.)

- Start/stop conditions are automatically generated in master mode.

- Automatic loading of the acknowledge bit during transmission

- Bit synchronization/wait function (In master mode, the state of the SCL
signal is monitored per bit and the timing is synchronized automatically. If
the transfer is not possible yet, the SCL signal goes “L” and the interface
stands by.)

- Support for direct drive of pins SCL and SDA (N-channel open-drain output)

« Clock synchronous serial format
- Continuous transmit/receive operation (because the shift register, transmit
data register, and receive data register are independent.)

I/O pins SCL (I/O): Serial clock 1/0O pin
SDA (I/O): Serial data 1/O pin
Transfer clocks *« When the MST bit in the ICCRL register is set to 0.

External clock (input from the SCL pin)
* When the MST bit in the ICCR1 register is set to 1.
Internal clock selected by bits CKS0 to CKS3 in the ICCR1 register and bits
IICTCTWI and IICTCHALF in the PINSR register (output from the SCL pin)
Receive error detection | Overrun error detection (clock synchronous serial format)
Indicates an overrun error during reception. When the last bit of the next unit
of data is received while the RDRF bit in the ICSR register is set to 1 (data in
the ICDRR register), the AL bit is set to 1.
Interrupt sources *12C bus format .........cccceeveeeeenrenne. 6 sources (V)
Transmit data empty (including when slave address matches), end of
transmission, receive data full (including when slave address matches),
arbitration lost, NACK detection, and stop condition detection

» Clock synchronous serial format ...... 4 sources (1)
Transmit data empty, end of transmission, receive data full, and overrun error
Selectable functions *|2C bus format

- Selectable output level for the acknowledge signal during reception.
« Clock synchronous serial format
- MSB-first or LSB-first selectable as the data transfer direction.
« SDA digital delay
- Digital delay value for the SDA pin selectable by bits SDADLYO to
SDADLY1 in the PINSR register.

Note:
1. All sources use one interrupt vector for 12C bus interface.
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(TXI, TEI, RXI, STPI, NAKI)
Figure 25.1 I2C bus interface Block Diagram
Table 25.2  Pin Configuration of 12C bus Interface
Pin Name Assigned Pin Function
SCL P35 Clock I/O pin
SDA P3_7 Data I/O pin
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VCC VCC
Q
SCL
SCL input ® ® -
SCL output
SDA
SDA input @ L 2 _———
SDA output
SCL SCL
(Master) SCL input SCL input
SCL output—| SCL output—|
SDA SDA
SDA input SDA input
SDA output—| SDA output—|
(Slave 1) (Slave 2)
Figure 25.2 External Circuit Connection Example of Pins SCL and SDA
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25.2 Registers

25.2.1 Module Standby Control Register (MSTCR)
Address 0008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — [MSTTRC|MSTTRD| MSTIIC | — | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl —
b2 —
b3 MSTIIC |SSU, I2C bus standby bit 0: Active R/W
1: Standby )
b4 |MSTTRD |Power consumption reduce bit Setto 1. R/W
The power consumption can be reduced.
b5 |MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby (2)
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —
Notes:

1. When the MSTIIC bit is set to 1 (standby), any access to the SSU or the 12C bus associated registers (addresses
0193h to 019Dh) is disabled.

2. When the MSTTRC bit is set to 1 (standby), any access to the timer RC associated registers (addresses 0120h
to 0133h) is disabled.

25.2.2 SSUJ/IIC Pin Select Register (SSUIICSR)
Address 018Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | — | — — IICSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IICSEL [SSU/I2C bus switch bit 0: SSU function selected R/W
1: 12C bus function selected
bl — Reserved bit Setto 0. R/W
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 —
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25.2.3 /0O Function Pin Select Register (PINSR)
Address 018Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol |SDADLY1 | SDADLYO0 | IICTCHALF |IICTCTWI| IOINSEL | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b3 IOINSEL |I/O port input function select bit  |0: The 1/O port input function depends on the PDi (i= | RIW
1, 3, 4) register.
When the PDi_j (j = 0 to 7) bit in the PDi register is
set to O (input mode), the pin input level is read.
When the PDi_j bit in the PDi register is set to 1
(output mode), the port latch is read.

1: The I/O port input function reads the pin input level
regardless of the PDi register.

b4 IICTCTWI |12C double transfer rate select bit |0: Transfer rate is the same as the value set with bits | R/W
CKSO0 to CKS3 in the ICCR1 register

1: Transfer rate is twice the value set with bits CKS0
to CKS3 in the ICCR1 register

b5 |[IICTCHALF |I2C half transfer rate select bit 0: Transfer rate is the same as the value set with bits | R/W
CKSO0 to CKS3 in the ICCR1 register

1: Transfer rate is half the value set with bits CKSO to
CKS3 in the ICCR1 register

b6 SDADLYO |SDA digital delay select bit bébg Diital del 3%l | R/W
: Digital delay of 3 x f1 cycles
b7 SDADLY1 0 1: Digital delay of 11 x f1 cycles RIW

1 0: Digital delay of 19 x f1 cycles
1 1: Do not set.

IOINSEL Bit (I/O port input function select bit)

The lOINSEL bit is used to select the pin level of an I/O port when the PDi_j (j =0to 7) bitinthe PDi (i =1, 3,
4) register is set to 1 (output mode). When this bit is set to 1, the 1/O port input function reads the pin input level
regardless of the PDi register.

Table 25.3 lists I/O Port Vaues Read by Using IOINSEL Bit. The IOINSEL bit can be used to change the input
function of al 1/0 ports except P4_2.

Table 25.3  1/O Port Values Read by Using IOINSEL Bit

PDi_j bit in PDi register 0 (input mode) 1 (output mode)
IOINSEL bit 0 | 1 0 1
I/O port values read Pin input level Port latch value | Pin input level
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25.2.4 1IC bus Transmit Data Register (ICDRT)
Address 0194h

Bit b7 b6 b5 b4 b3 b2 bl b0

smo — [ — [ — [ — [ — [ — 1 — [ —

After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b7 to b0 |This register stores transmit data. R/W

When the ICDRS register is detected as empty, the stored transmit data item is transferred to the
ICDRS register and data transmission starts.

When the next unit of transmit data is written to the ICDRT register while data is transmitted to the
ICDRS register, continuous transmission is enabled.

When the MLS bit in the ICMR register is set to 1 (data transfer with LSB-first), the MSB-LSB
inverted data is read after the data is written to the ICDRT register.

25.2.5 1IC bus Receive Data Register (ICDRR)
Address 0196h

Bit b7 b6 b5 b4 b3 b2 bl b0

o[ — [ — ] — [ — [ — [ — [ — ] —

After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b7 to b0 |This register stores receive data. R

When the ICDRS register receives 1 byte of data, the receive data is transferred to the ICDRR
register and the next receive operation is enabled.
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25.2.6 1IC bus Control Register 1 (ICCR1)

Address 0198h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| ICE | RCVD | MST | TRS | CKS3 | CKS2 CKS1 CKSO0
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 CKS0 i i (1) [b3b2bL b0 RN
b ko Transmit clock select bits 3 to 0 080 b f1/28 Gl
000 1:f1/40

b2 CKS2 0010:f1/48 i

b3 | CKS3 001 1: f1/64 RIW
0100:f1/80

010 1:f1/100
0110:f1/112
0111:f1/128
1000:f1/56

100 1:f1/80

101 0:f1/96

101 1:f1/128
1100:f1/160
110 1:f1/200
1110:f1/224
111 1:f1/256
b4 TRS |Transfer/receive select bit (2.3.6) |b5b4 R/W

0 0: Slave Receive Mode (4
it 5.6
b5 MST |Master/slave select bit . 6) 0 1 Slave Transmit Mode RIW

1 0: Master Receive Mode
1 1: Master Transmit Mode
b6 RCVD |Receive disable bit After reading the ICDRR register while the TRS bitis | R/W
setto 0
0: Next receive operation continues
1: Next receive operation disabled
b7 ICE I2C bus interface enable bit 0: This module is halted R/W
(Pins SCL and SDA are set to a port function)
1: This module is enabled for transfer operations
(Pins SCL and SDA are in a bus drive state)

Notes:

1. Set according to the necessary transfer rate in master mode. Refer to Tables 25.4 and 25.5 Transfer Rate
Examples for the transfer rate. This bit is used for maintaining the setup time in transmit mode of slave mode.
The time is 10Tcyc when the CKS3 bit is set to 0 and 20Tcyc when the CKS3 bit is set to 1. (1Tcyc = 1/f1(s))

2. Rewrite the TRS bit between transfer frames.

3. When the first 7 bits after the start condition in slave receive mode match the slave address set in the SAR
register and the 8th bit is set to 1, the TRS bit is set to 1.

4. In master mode with the 12C bus format, if arbitration is lost, bits MST and TRS are set to 0 and the IIC enters
slave receive mode.

5. When an overrun error occurs in master receive mode with the clock synchronous serial format, the MST bit is
set to 0 and the I2C bus enters slave receive mode.

6. In multimaster operation, use the MOV instruction to set bits TRS and MST.
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25.2.7 1IC bus Control Register 2 (ICCR2)
Address 0199h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| BBSY | SCP [ SDAO | SDAOP | SCLO | — [ICRST —
After Reset 0 1 1 1 1 1 0 1
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
bl IICRST |12C bus control block reset bit |When hang-up occurs due to communication failure during | R/W

I2C bus interface operation, writing 1 resets the control
block of the I2C bus interface without setting ports or
initializing registers.
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b3 SCLO [SCL monitor flag 0: SCL piniis set to “L”
1: SCL pinis set to “H”
b4 | SDAOP |SDAO write protect bit When rewriting the SDAO bit, write 0 simultaneously (). | RIW
When read, the content is 1.
b5 SDAO |SDA output value control bit  [When read R/W
0: SDA pin output is held “L”
1: SDA pin output is held “H”
When written (1, 2)
0: SDA pin output is changed to “L”
1: SDA pin output is changed to high-impedance
(“H” output via external pull-up resistor)
b6 SCP |Start/stop condition generation |When writing to the to BBSY bit, write 0 simultaneously 3).| R/W
disable bit When read, the content is 1.
Writing 1 is invalid.
b7 BBSY |Bus busy bit (4) When read: R/W
0: Bus is released
(SDA signal changes from “L” to “H”
while SCL signal is held “H")
1: Bus is occupied
(SDA signal changes from “H” to “L”
while SCL signal is held “H”)
When written (3):
0: Stop condition generated
1: Start condition generated

Py

Notes:
1. When rewriting the SDAO bit, write 0 to the SDAOP bit simultaneously using the MOV instruction.
2. Do not write to the SDAO bit during a transfer operation.
3. Enabled in master mode. When writing to the BBSY bit, write 0 to the SCP bit simultaneously using the MOV
instruction. Execute the same way when a start condition is regenerated.
4. Disabled when the clock synchronous serial format is used.
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25.2.8 1IC bus Mode Register (ICMR)
Address 019Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | MLS | WAIT | — | — | BCWP BC2 BC1 BCO
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 BCO [Bit counters 2 to O 12C bus format RIW
bl BC1 (Read: Number of remaining transfer bits; R/W
b2 BC2 Write: Number of next transfer data bits) (. 2), R/W
b2 bl b0
00 0: 9 bits 3
00 1: 2 hits
01 0: 3 hits
011:4hits
10 0: 5 bits
10 1: 6 bits
110: 7 bits
11 1: 8 bits

Clock synchronous serial format
(Read: Number of remaining transfer bits;

Write: Always 000b).
b2 bl b0
0 0 0: 8 hits

00 1: 1 hit
0 10: 2 bits
011: 3 hits
10 0: 4 bits
10 1: 5 bits
11 0: 6 bits
111:7 bits
b3 BCWP |BC write protect bit When rewriting bits BCO to BC2, write 0 simultaneously 2. 4), R/W
When read, the content is 1.
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 — Reserved bit Set to 0. R/W
b6 WAIT  |Wwait insertion bit (5) 0: No wait states R/W

(Data and the acknowledge bit are transferred consecutively)
1: Wait state

(After the clock of the last data bit falls, a “L” period is

extended for two transfer clocks)
b7 MLS  [MSB-first/LSB-first 0: Data transfer with MSB-first (6) RIW
select bit 1: Data transfer with LSB-first

Notes:

1. Rewrite between transfer frames. When writing values other than 000b, write when the SCL signal is “L".

2. When writing to bits BCO to BC2, write 0 to the BCWP bit simultaneously using the MOV instruction.

3. After data including the acknowledge bit is transferred, these bits are automatically set to 000b. When a start
condition is detected, these bits are automatically set to 000b.

4. Do not rewrite when the clock synchronous serial format is used.

5. The setting value is valid in master mode with the 12C bus format. It is invalid in slave mode with the 12C bus
format or when the clock synchronous serial format is used.

6. Setto 0 when the 12C bus format is used.
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25.2.9 1IC bus Interrupt Enable Register (ICIER)
Address 019Bh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIE | TEIE | RIE | NAKIE | STIE | ACKE | ACKBR | ACKBT
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 ACKBT [Transmit acknowledge 0: In receive mode, 0 is transmitted as the acknowledge bit.| R/W
select bit 1: In receive mode, 1 is transmitted as the acknowledge bit.
bl ACKBR |Receive acknowledge bit 0: In transmit mode, the acknowledge bit received from R
receive device is set to 0.
1: In transmit mode, the acknowledge bit received from
receive device is set to 1.
b2 ACKE |Acknowledge bit detection 0: Content of the receive acknowledge bit is ignored and R/W
select bit continuous transfer is performed.
1: When the receive acknowledge bit is set to 1,
continuous transfer is halted.
b3 STIE |Stop condition detection 0: Stop condition detection interrupt request disabled R/W
interrupt enable bit 1: Stop condition detection interrupt request enabled ()
b4 NAKIE |NACK receive interrupt 0: NACK receive interrupt request and arbitration lost/ R/W
enable bit overrun error interrupt request disabled
1: NACK receive interrupt request and arbitration lost/
overrun error interrupt request (1)
b5 RIE |Receive interrupt enable bit  [0: Receive data full and overrun error interrupt request R/W
disabled
1: Receive data full and overrun error interrupt request
enabled @)
b6 TEIE |Transmit end interrupt 0: Transmit end interrupt request disabled R/W
enable bit 1: Transmit end interrupt request enabled
b7 TIE |Transmit interrupt enable bit |0: Transmit data empty interrupt request disabled R/W
1: Transmit data empty interrupt request enabled
Notes:

1. An overrun error interrupt request is generated when the clock synchronous format is used.
2. Setthe STIE bit to 1 (stop condition detection interrupt request enabled) when the STOP bit in the ICSR register
is setto 0.
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25.2.10 I1IC bus Status Register (ICSR)
Address 019Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TDRE | TEND | RDRF | NACKF | STOP AL AAS ADZ
After Reset 0 0 0 0 X 0 0 0
Bit Symbol Bit Name Function R/W
b0 ADZ |General call address This flag is set to 1 when a general call address is R/W
recognition flag (4. 2) detected.
bl AAS |Slave address This flag is set to 1 when the first frame immediately after | R/W
recognition flag (1) the start condition matches bits SVAQ to SVAG in the SAR

register in slave receive mode (slave address detection
and general call address detection)

b2 AL Arbitration lost flag/overrun 12C bus format: R/W
error flag @ This flag indicates that arbitration has been lost

in master mode.

This flag is set to 1 (3) when:

* The internal SDA signal and SDA pin level do not
match at the rising edge of the SCL signal in master
transmit mode

» The SDA pin is held “H” at start condition detection in
master transmit/receive mode

Clock synchronous format:
This flag indicates an overrun error.
This flag is set to 1 when:

* The last bit of the next unit of data is received

while the RDRF bit is set to 1

b3 STOP |Stop condition detection flag (1)| This flag is set to 1 when a stop condition is detected R/W
after the frame is transferred.
b4 NACKF |No acknowledge This flag is set to 1 when no ACKnowledge is detected R/W
detection flag (1. 4) from the receive device after transmission.
b5 RDRF |Receive data register full flag |This flag is set to 1 when receive data is transferred from | R/W
(1,5) registers ICDRS to ICDRR.
b6 TEND |Transmit end flag (1. 6) I2C bus format: R/W

This flag is set to 1 at the rising edge of the 9th clock cycle

of the SCL signal while the TDRE bit is set to 1.

Clock synchronous format:

This flag is set to 1 when the last bit of the transmit frame

is transmitted.

b7 TDRE |Transmit data empty flag (. 6) |This flag is set to 1 when: R/W

* Data is transferred from registers ICDRT to ICDRS and
the CDRT register is empty

» The TRS bit in the ICCRL1 register is set to 1 (transmit
mode)

* A start condition is generated (including retransmission)

« Slave receive mode is changed to slave transmit mode

Notes:

1. Each bitis set to 0 by reading 1 before writing 0.

2. This flag is enabled in slave receive mode with the 12C bus format.

3. When two or more master devices attempt to occupy the bus at nearly the same time, if the I2C bus Interface
monitors the SDA pin and the data which the 12C bus Interface transmits is different, the AL flag is set to 1 and
the bus is occupied by another master.

4. The NACKF bit is enabled when the ACKE bit in the ICIER register is set to 1 (when the receive acknowledge bit
is set to 1, transfer is halted).

5. The RDRF bit is set to 0 when data is read from the ICDRR register.

6. Bits TEND and TDRE are set to 0 when data is written to the ICDRT register.

When accessing the ICSR register continuously, insert one or more NOP instructions between the instructions
to access it.
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25.2.11 Slave Address Register (SAR)
Address 019Dh

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| SVA6 | SVA5 | SVA4 | SVA3 | SVA2 | SVAL | SVAO FS

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FS Format select bit 0: 12C bus format R/W

1: Clock synchronous serial format

bl SVAO |Slave addresses 6 to 0 Set an address different from that of the other slave | R/W
b2 SVA1 devices connected to the I2C bus. RIW
b3 SVA2 When the 7 high-order bits of the first frame R/W
b4 SVA3 transmitted after the start condition match bits R/W
b5 SVA4 SVAO to SVAG in slave mode of the 12C bus format, [[RW
06 SVAS the MCU operates as a slave device. RIW
b7 SVA6 R/W

25.2.12 1IC bus Shift Register (ICDRS)

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ - [ — [ - [ — ] -

Bit Function R/W
b7 to b0 |[This register transmits and receives data. —
During transmission, data is transferred from registers ICRDT to ICDRS and transmitted from the
SDA pin.

During reception, data is transferred from registers ICDRS to the ICDRR after 1 byte of data
reception ends.
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25.3 Common Items for Multiple Modes

25.3.1 Transfer Clock

When the M ST bit in the ICCR1 register is set to 0, the transfer clock is the external clock input from the SCL
pin.

When the MST hit inthe ICCR1 register isset to 1, the transfer clock isthe internal clock selected by bits CKSO
to CKS3 in the ICCR1 register and bits ICTCTWI and IICTCHALF in the PINSR register and the transfer
clock is output from the SCL pin.

Tables 25.4 and 25.5 list the Transfer Rate Examples.

Table 25.4  Transfer Rate Examples (1)

PINSR Register ICCR1 Register Transfer Transfer Rate
IICTCHALF| IICTCTWI |CKS3|CKS2|CKS1|ckso| Clock |1 =5MHz |f1 =8 MHz [f1 = 10 MHz[|f1 = 16 MHz|f1 = 20 MHz
0 0 0 0 0 0 f1/28 | 179 kHz | 286 kHz | 357 kHz | 571 kHz | 714 kHz

f1/40 | 125kHz | 200 kHz | 250 kHz | 400 kHz | 500 kHz
f1/48 104 kHz | 167 kHz | 208 kHz | 333 kHz | 417 kHz
f1/64 | 78.1kHz | 125 kHz | 156 kHz | 250 kHz | 313 kHz
f1/80 | 62.5kHz | 100 kHz | 125kHz | 200 kHz | 250 kHz
f1/100 | 50.0 kHz | 80.0 kHz | 100 kHz | 160 kHz | 200 kHz
f1/112 | 446 kHz | 71.4 kHz | 89.3 kHz | 143 kHz | 179 kHz
f1/128 | 39.1 kHz | 62.5kHz | 78.1 kHz | 125 kHz | 156 kHz
f1/56 | 89.3kHz | 143 kHz | 179 kHz | 286 kHz | 357 kHz
f1/80 | 62.5kHz | 100 kHz | 125kHz | 200 kHz | 250 kHz
f1/96 | 52.1kHz | 83.3kHz | 104 kHz | 167 kHz | 208 kHz
f1/128 | 39.1 kHz | 62.5kHz | 78.1 kHz | 125 kHz | 156 kHz
f1/160 | 31.3 kHz | 50.0 kHz | 62.5 kHz | 100 kHz | 125 kHz
f1/200 | 25.0 kHz | 40.0 kHz | 50.0 kHz | 80.0 kHz | 100 kHz
f1/224 | 22.3kHz | 35.7kHz | 44.6 kHz | 71.4 kHz | 89.3 kHz
f1/256 | 19.5kHz | 31.3kHz | 39.1 kHz | 62.5kHz | 78.1 kHz

N
o
o
Rlolr|lo|lr|lo|lr|lolr|lolr|lo|lr|lo|lkr
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Table 25.5  Transfer Rate Examples (2)

PINSR Register ICCR1 Register Transfer Transfer Rate
IICTCHALF| ICTCTWI |CcKS3|cKS2[cks1|ckso| Clock [f1=5MHz |1 = 8 MHz [f1 = 10 MHz|f1 = 16 MHz|f1 = 20 MHz
0 1 0 0 0 0 f1/28 358 kHz | 572 kHz | 714 kHz | 1142 kHz | 1428 kHz
1 f1/40 250 kHz | 400 kHz | 500 kHz | 800 kHz | 1000 kHz
1 0 f1/48 | 208 kHz | 334 kHz | 416 kHz | 666 kHz | 834 kHz
1 f1/64 156 kHz | 250 kHz | 312 kHz | 500 kHz | 626 kHz
1 0 0 f1/80 | 125kHz | 200 kHz | 250 kHz | 400 kHz | 500 kHz
1 f1/100 | 100 kHz | 160 kHz | 200 kHz | 320 kHz | 400 kHz
1 0 f1/112 89 kHz 143 kHz | 179 kHz | 286 kHz | 358 kHz
1 f1/128 78 kHz 125 kHz | 156 kHz | 250 kHz | 312 kHz
1 0 0 0 f1/56 179 kHz | 286 kHz | 358 kHz | 572 kHz | 714 kHz
1 f1/80 | 125kHz | 200 kHz | 250 kHz | 400 kHz | 500 kHz
1 0 f1/96 104 kHz | 167 kHz | 208 kHz | 334 kHz | 416 kHz
1 f1/128 78 kHz 125 kHz | 156 kHz | 250 kHz | 312 kHz
1 0 0 f1/160 63 kHz 100 kHz | 125kHz | 200 kHz | 250 kHz
1 f1/200 50 kHz 80 kHz 100 kHz | 160 kHz | 200 kHz
1 0 f1/224 45 kHz 71 kHz 89 kHz 143 kHz | 179 kHz
1 f1/256 39 kHz 63 kHz 78 kHz 125 kHz | 156 kHz
1 0 0 0 0 0 f1/28 90kHz | 143 kHz | 179kHz | 286 kHz | 357 kHz
1 f1/40 63 kHz 100 kHz | 125 kHz | 200 kHz | 250 kHz
1 0 f1/48 52 kHz 84 kHz 104 kHz | 167 kHz | 209 kHz
1 f1/64 39 kHz 63 kHz 78 kHz 125 kHz | 157 kHz
1 0 0 f1/80 31 kHz 50 kHz 63 kHz 100 kHz | 125 kHz
1 f1/100 | 25 kHz 40 kHz 50 kHz 80 kHz 100 kHz
1 0 f1/112 | 22 kHz 36 kHz 45 kHz 72 kHz 90 kHz
1 f1/128 20 kHz 31 kHz 39 kHz 63 kHz 78 kHz
1 0 0 0 f1/56 45 kHz 72 kHz 90 kHz 143 kHz | 179 kHz
1 f1/80 31 kHz 50 kHz 63 kHz 100 kHz | 125 kHz
1 0 f1/96 26 kHz 42 kHz 52 kHz 84 kHz 104 kHz
1 f1/128 | 20 kHz 31 kHz 39 kHz 63 kHz 78 kHz
1 0 0 f1/160 | 16 kHz 25 kHz 31 kHz 50 kHz 63 kHz
1 f1/200 13 kHz 20 kHz 25 kHz 40 kHz 50 kHz
1 0 f1/224 11 kHz 18 kHz 22 kHz 36 kHz 45 kHz
1 f1/256 10 kHz 16 kHz 20 kHz 31 kHz 39 kHz
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25.3.2 SDA Pin Digital Delay Selection

The digital delay value for the SDA pin can be selected by bits SDADLY 0 to SDADLY 1 in the PINSR register.
Figure 25.3 shows the Operating Example of Digital Delay for SDA Pin.

* SDADLY1 to SDADLYO = 00b
(3 x f1 cycles)

20 ps (Transfer Rate = 50 kHz)

[

X

]

* SDADLY1 to SDADLYO = 01b
(11 x f1 cycles)

SDA

i

]
3 x f1 cycles

o

« SDADLY1 to SDADLYO = 10b
(19 x f1 cycles)

SDA

|

i

300 ns (f1 = 10 MHZ)

[

l—p

]
11 x f1 cycles

|

1.1 ps (f1 = 10 MHz)

SDADLYO0 to SDADLY1: Bits in PINSR register

|

19 x f1 cycles

0.95 pis (f1 = 20 MHz)

Figure 25.3 Operating Example of Digital Delay for SDA Pin
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25.3.3

Interrupt Requests

The 12C bus interface has six interrupt requests when the 12C bus format is used and four interrupt requests
when the clock synchronous serial format is used.

Table 25.6 lists the Interrupt Requests of 12C bus Interface.
Because these interrupt requests are allocated at the 12C bus interface interrupt vector table, the source must be

determined bit by bit.

Table 25.6  Interrupt Requests of 12C bus Interface
Format
Interrupt Request Generation Condition Clock
I2C bus | Synchronous
Serial
Transmit data empty TXI TIE=1and TDRE =1 Enabled Enabled
Transmit ends TEI TEIE=1and TEND =1 Enabled Enabled
Receive data full RXI RIE=1and RDRF =1 Enabled Enabled
Stop condition detection STPI STIE=1and STOP =1 Enabled Disabled
NACK detection NAKI NAKIE=1and AL=1 Enabled Disabled
Arbitration lost/overrun error (or NAKIE = 1 and NACKF = 1) |Enabled Enabled

STIE, NAKIE, RIE, TEIE, TIE: Bits in ICIER register
AL, STOP, NACKF, RDRF, TEND, TDRE: Bits in ICSR register

When generation conditions listed in Table 25.6 are met, an 12C bus interface interrupt request is generated. Set
the interrupt generation conditions to 0 by the I2C bus interface interrupt routine.
Note that bits TDRE and TEND are automatically set to 0 by writing transmit data to the ICDRT register and
that the RDRF bit is automatically set to 0 by reading the ICDRR register. Especially, the TDRE bitissetto O
when writing transmit datato the ICDRT register and set to 1 when transferring data from the ICDRT register to
the ICDRS register. If the TDRE bit is further set to 0, additional 1 byte may be transmitted.

Also, set the STIE bit to 1 (stop condition detection interrupt request enabled) when the STOP bit is set to O.
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25.4  12C bus Interface Mode

25.4.1 12C bus Format

When the FS bit in the SAR register is set to 0, the 12C bus format is used for communication.

Figure 25.4 shows the I2C bus Format and Bus Timing. The first frame following the start condition consists of
8 hits.

(1) I12C bus format

(a) I2C bus format (FS = 0)

s i SLA | RIW | A | DATA | A | | AR | P |
letole 7 et oletple n sletsl 1 1 .
[ e b |<—><—D| Number of transfer bits (n = 1 to 8)
1 m
<+ >< »> Number of transfer frames (m = 1 or more)
(b) I2C bus format When Start Condition is Retransmitted (FS = 0)

s i SLA |R/W| A | DATA | |A/K| s | SLA |R/W| A | DATA | |A/K| P |
leLple 7 oleLoleLole nl > letoletole 7 sleLoleLple n2 . |,i,,_1,|
[ S>> > [ »>e e >

Y l »le- ml > & l >le m2 »

Upper: Number of transfer bits (n1, n2 = 1 to 8)
Lower: Number of transfer frames (m1, m2 = 1 or more)

(2) I2C bus timing
ol 1 O Y U B B A B e
SCL \ [1107\ ’8\ [9\ [1107\ [8\ [9\ ’1t07~ [8\ ’9\ [
L | I J1 ] | I | | 1 [ |

S SLA RW A DATA A DATA A P

Legend:
S : Start condition
The master device changes the SDA signal from “H" to “L” while the SCL signal is held “H".
SLA :Slave address
R/W : Indicates the direction of data transmission/reception
Data is transmitted when:
RAW value is 1: From the slave device to the master device
RAW value is 0: From the master device to the slave device
A : Acknowledge
The receive device sets the SDA signal to “L".
DATA : Transmit/receive data
P : Stop condition
The master device changes the SDA signal from “L” to “H” while the SCL signal is held “H".

Figure 25.4 I2C bus Format and Bus Timing
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25.4.2 Master Transmit Operation

In master transmit mode, the master device outputs the transmit clock and data, and the slave device returns an
acknowledge signal.

Figures 25.5 and 25.6 show the Operating Timing in Master Transmit Mode (12C bus Interface Mode).

The transmit procedure and operation in master transmit mode are as follows.

(1) Setthe STOP bit in the ICSR register to O for initialization, and set the ICE bit in the ICCR1 register to 1
(transfer operation enabled). Then, set bits WAIT and MLSin the ICMR register and bits CKS0 to CKS3 in
the ICCRL1 register (initial setting).

(2) After confirming that the bus is released by reading the BBSY bit in the ICCR2 register, set bits TRS and
MST in the ICCR1 register to master transmit mode. Then, write 1 to the BBSY bit and 0 to the SCP bit
with the MOV instruction (start condition generated). Thiswill generate a start condition.

(3) After confirming that the TDRE bit in the ICSR register is set to 1 (datais transferred from registers ICDRT
to ICDRS), write transmit data to the ICDRT register (datain which aslave address and R/W are indicated
inthe 1st byte). At thistime, the TDRE bit is automatically set to 0. When datais transferred from registers
ICDRT to ICDRS, the TDRE bit is set to 1 again.

(4) When 1 byte of data transmission is completed while the TDRE bit is set to 1, the TEND bit in the ICSR
register is set to 1 at the rising edge of the 9th clock cycle of the transmit clock. After confirming that the
slave device is selected by reading the ACKBR bit in the ICIER register, write the 2nd byte of data to the
ICDRT register. Since the slave device is not acknowledged when the ACKBR bit is set to 1, generate a
stop condition. Stop condition generation is enabled by writing 0 to the BBSY bit and 0 to the SCP bit with
the MOV instruction. The SCL signal isfixed “L” until datais ready or a stop condition is generated.

(5) Write the transmit data after the 2nd byte to the ICDRT register every timethe TDRE bit isset to 1.

(6) When the number of bytes to be transmitted is written to the ICDRT register, wait until the TEND bit is set
to 1 while the TDRE hit is set to 1. Or wait for NACK (NACKF bit in ICSR register = 1) from the receive
device while the ACKE bit in the ICIER register is set to 1 (when the receive acknowledge bit is set to 1,
transfer is halted). Then, generate a stop condition before setting the TEND bit or the NACKF bit to O.

(7) When the STOP bit in the ICSR register is set to 1, return to slave receive mode.
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SCL

(master output) 1 2 3 4 5 6 7 8 9 1 2
SDA
(master output) \_ b7 X b6 X b5 X b4 X b3 X b2 X b1 X ) / b7 b6
A 1 y

Slave address __
< » R/W

SDA A
(slave output)
TDRE bit in I
ICSR register
-3 4

TEND bit in
ICSR register

ICDRT register k / Address + R/W / /4X Data 1 X \ Data 2
A\ \

N Al
ICDRS register Address + RIW Data 1
Program processing (2) Instruction for (3) Write data to ICDRT register (4) Write data to ICDRT register (%) Write data to ICDRT register

start condition (1st byte). (2nd byte). (3rd byte).
generation

|

Figure 25.5 Operating Timing in Master Transmit Mode (12C bus Interface Mode) (1)

SCL
(master output) 9 1 2 3 4 5 6 7 8 9
(master outSpl:L)lg \( b7 X b6 X b5 X b4 X b3 X b2 X b1 X ) / \ ’

SDA .
(slave output) A / \_ AA ’

TDRE bit in ICSR
register
1
/
TEND bit in ICSR
register

ICDRT register ‘ Data n / /
A\

I

-

N
ICDRS register \ Data n /
\ \/ / /
Program processing (3) Write data to ICDRT register. © Ge;ert:tlt;e_éNséogtctongition ]
and se it to 0.

(7) Set to slave receive mode.

Figure 25.6 Operating Timing in Master Transmit Mode (12C bus Interface Mode) (2)
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25.4.3 Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives data from the slave device, and
returns an acknowledge signal .
Figures 25.7 and 25.8 show the Operating Timing in Master Receive Mode (12C bus Interface Mode).

The receive procedure and operation in master receive mode are shown below.

(1) After setting the TEND bit in the ICSR register to O, set the TRS bit in the ICCRL1 register to O to switch
from master transmit mode to master receive mode. Then set the TDRE bit in the ICSR register to 0.

(2) Dummy reading the ICDRR register startsreceive operation. The receive clock is output in synchronization
with the internal clock and data is received. The master device outputs the level set by the ACKBT hit in
the ICIER register to the SDA pin at the rising edge of the 9th clock cycle of the receive clock.

(3) When 1-frame of data reception is completed, the RDRF bit in the ICSR register is set to 1 at the rising
edge of the 9th clock cycle of the receive clock. At thistime, if the ICDRR register is read, the received
data can be read and the RDRF bit is set to 0 simultaneously.

(4) Continuousreceive operation is enabled by reading the ICDRR register every time the RDRF bit is set to 1.
If reading the ICDRR register is delayed by another process and the 8th clock cycle falls while the RDRF
bit isset to 1, the SCL signal isfixed “L” until the ICDRR register isread.

(5) If the next frame is the last receive frame and the RCVD bit in the ICCR1 register is set to 1 (next receive
operation disabled) before reading the ICDRR register, stop condition generation is enabled after the next
receive operation.

(6) When the RDRF hit is set to 1 at the rising edge of the 9th clock cycle of the receive clock, generate a stop
condition.

(7) Whenthe STOP bit inthe ICSR register is set to 1, read the ICDRR register and set the RCVD bit to O (next
receive operation continues).

(8) Return to slave receive mode.
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Master transmit mode <€——— 1| ————» Master receive mode

SCL
(master output)

SDA
(master output)

SDA
(slave output)

>
——
o
N
/
——
o
(2]
——
o
(9]
——
o
s
——
o
w
——
o
]
——
o
=
——
o
o
—1

T

TDRE bit in
ICSR register

TEND bit in
ICSR register

TRS bit in
ICCR1 register

RDREF bit in
ICSR register

1\ )

X /A
Data 1

ICDRS register ’

ICDRR register I //

I \

Program processing (1) After setting bits TEND and TRS to 0, (2) Read ICDRR register. (3) Read ICDRR register.
set TDRE bit to 0.

Figure 25.7 Operating Timing in Master Receive Mode (I12C bus Interface Mode) (1)
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SCL
(master output)

SDA
(master output)

SDA
(slave output)

RDREF bit in
ICSR register

RCVD bit in
ICCRL1 register

ICDRS register

ICDRR register

Program processing

] A f_
L
i /
s | | / ouar
AN AR N4
| oan | / } oatan / /
| / 4

(5) Read ICDRR register
after setting RCVD bit to 1.

(6) Generate a stop condition.  (7) Set RCVD bit to 0
after reading ICDRR register. \/

(8) Set to slave receive mode.

Figure 25.8 Operating Timing in Master Receive Mode (I12C bus Interface Mode) (2)
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25.4.4 Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data while the master device outputs the receive
clock and returns an acknowledge signal.
Figures 25.9 and 25.10 show the Operating Timing in Slave Transmit Mode (12C bus Interface Mode).

The transmit procedure and operation in slave transmit mode are as follows.

(1) Setthe ICE bit in the ICCRL1 register to 1 (transfer operation enabled), and set bits WAIT and MLS in the
ICMR register and bits CKS0 to CKS3 in the ICCR1 register (initial setting). Then, set bits TRS and MST
in the ICCR1 register to 0 and wait until the slave address matches in slave receive mode.

(2) When the dave address matches at the first frame after detecting the start condition, the slave device
outputs the level set by the ACKBT bit in the ICIER register to the SDA pin at the rising edge of the Sth
clock cycle. At thistime, if the 8th bit of data (R/W) is 1, bits TRSand TDRE in the ICSR register are set to
1, and the mode is switched to slave transmit mode automatically. Continuous transmission is enabled by
writing transmit data to the ICDRT register every timethe TDRE bit is set to 1.

(3) When the TDRE bit in the ICDRT register is set to 1 after the last transmit data is written to the ICDRT
register, wait until the TEND bit in the ICSR register is set to 1 while the TDRE bit is set to 1. When the
TEND bit isset to 1, set the TEND bit to 0.

(4) Set the TRS bit to 0 and dummy read the ICDRR register to end the process. This will release the SCL
signal.

(5) Setthe TDRE bit to 0.
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1
Slave receive mode €——— : — Slave transmit mode
1

SCL 1
(master output) 19 1 2 3 4 5 6 7 8 9 1

SDA A
(master output)

scL
(slave output)
(slaveouﬁzg X d X b7 X b6 X b5 X b4 X b3 X b2 X bl X ) / \ b7 X:

Y
TDRE bit in
ICSR register
1
4
- !
TEND bitin !
ICSR register |
]
| \
TRS bitin
ICCR1 register
|
E
ICDRT register 1 X 4 Data 1 X \ Data 2 X_ Data 3
: \ ~
|
1
1
1 Al
ICDRS register 1 / Data 1 \ Data 2
1\
i
]
1
i N
ICDRR register :
I
L \ |
Program Processing (1) Write data to ICDRT register (2) Write data to ICDRT register (2) Write Data to ICDRT register
(data 1). (data 2). (data 3).

Figure 25.9 Operating Timing in Slave Transmit Mode (12C bus Interface Mode) (1)

REJO9B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 414 of 573



R8C/32C Group 25. 12C bus Interface

Slave receive
mode

1
Slave transmit mode <€——— ! D
1
1
1
1
1

SCL
(master output) 9 1 2 3 4 5 6 7 8 9
i
1
SDA = !
’ ~ i ,
(master output) \_ A \‘ A _," !
i
i
SCL :
(slave output) |
1
(slave oui:Duf) \ b7 X b6 X b5 X b4 X b3 X b2 X bl X b0 /

i

TDRE bit in
ICSR register

TEND bit in
ICSR register

A

TRS bit in
ICCRL1 register

1

]

1

T

ICDRT register ~ Datan / / :
\ 1

1

]

]

]

1

ICDRS register X Data n / / {
|

1

1

1

]

ICDRR register / / :
1

1

¥ [/ |

-
I~
\

Program processing (3) Set TEND bit to 0. (4) Dummy read ICDRR register

after setting TRS bit to 0. (5) Set TDRE bit to 0.

Figure 25.10 Operating Timing in Slave Transmit Mode (12C bus Interface Mode) (2)
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25.4.5 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and data, and the slave device returns an
acknowledge signal.

Figures 25.11 and 25.12 show the Operating Timing in Slave Receive Mode (12C bus Interface Mode).

The receive procedure and operation in slave receive mode are as follows.

(1) Setthe ICE bit in the ICCRL1 register to 1 (transfer operation enabled), and set bits WAIT and MLS in the
ICMR register and bits CKS0 to CKS3 in the ICCR1 register (initial setting). Then, set bits TRS and MST
in the ICCR1 register to 0 and wait until the slave address matches in slave receive mode.

(2) When the dave address matches at the first frame after detecting the start condition, the slave device
outputs the level set in the ACKBT bit in the ICIER register to the SDA pin at the rising edge of the 9th
clock cycle. Since the RDRF bit in the ICSR register is set to 1 simultaneously, dummy read the ICDRR
register (the read data is unnecessary because it indicates the slave address and R/W).

(3) Readthe |CDRR register every timethe RDRF bit isset to 1. If the 8th clock cycle fallswhile the RDRF bit
is set to 1, the SCL signal isfixed “L” until the ICDRR register is read. The setting change of the
acknowledge signal returned to the master device before reading the ICDRR register takes affect from the
following transfer frame.

(4) Reading the last byte is also performed by reading the ICDRR register.
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SCL

(master output) 9 1 2 3 4 5 6 7 8 9 1
SDA

(master output) b7 b6 b5 b4 b3 b2 bl b0 b7
SCL

(slave output)

SDA
(slave output) X ﬂ X A X

RDRF bit in
ICSR register \

ICDRS register \ / X Data 1

M1 e
v/ v/

Program processing (2) Dummy read ICDRR register. (2) Read ICDRR register.

Data 2

\>\s

Figure 25.11 Operating Timing in Slave Receive Mode (12C bus Interface Mode) (1)

SCL
(master output) 9 1 2 3 4 5 6 7 8 9

SDA
(master output) X \ b7 X b6 X b5 X ba X b3 X b2 X b1 X bo / \ X

SCL
(slave output)

SDA
(slave output) X ﬂ \ X & [
RDRF bit in
ICSR register I_I \
/‘ /
N

VAN

Data 2

|

ICDRR register X \ / X ‘ \ Data 1
Program processing (3) Set ACKBT bhit to 1. (3) Read ICDRR register. (4) Read ICDRR register.

Figure 25.12 Operating Timing in Slave Receive Mode (I12C bus Interface Mode) (2)
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25.5 Clock Synchronous Serial Mode

25.5.1 Clock Synchronous Serial Format

When the FS bit in the SAR register is set to 1, the clock synchronous serial format is used for communication.
Figure 25.13 shows the Transfer Format of Clock Synchronous Serial Format.

When the MST hit in the ICCRL1 register is set to 1, the transfer clock is output from the SCL pin. When the
MST bit isset to 0, the external clock isinput.

The transfer data is output between successive falling edges of the SCL clock, and data is determined at the
rising edge of the SCL clock. MSB-first or LSB-first can be selected as the order of the data transfer by setting
the MLS hit in the ICMR register. The SDA output level can be changed by the SDAO hit in the ICCR2 register
during transfer standby.

SR €3 € €3 £ €3 0 I3

Figure 25.13 Transfer Format of Clock Synchronous Serial Format
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25.5.2 Transmit Operation

In transmit mode, transmit data is output from the SDA pin in synchronization with the falling edge of the
transfer clock. The transfer clock is output when the MST bit in the ICCRL1 register is set to 1 and input when
the MST bitisset to 0.
Figure 25.14 shows the Operating Timing in Transmit Mode (Clock Synchronous Serial Mode).

The transmit procedure and operation in transmit mode are as follows.
(1) SettheICE bitinthe ICCR1 register to 1 (transfer operation enabled). Then set bits CKS0 to CKS3 in the
ICCRL1 register and the MST bit (initial setting).
(2) Setthe TRS bit in the ICCRL1 register to 1 to select transmit mode. This will set the TDRE bit in the ICSR
registeristo 1.
(3) After confirming that the TDRE bit is set to 1, write transmit datato the ICDRT register. Dataistransferred
from registers ICDRT to ICDRS and the TDRE hit is automatically set to 1. Continuous transmission is
enabled by writing data to the ICDRT register every time the TDRE bit is set to 1. To switch from transmit
to receive mode, set the TRS bit to O while the TDRE bit is set to 1.

SDA
(output)

TRS bit in ICCR1
register

TDRE bit in ICSR
register

ICDRT register

ICDRS register

T AR AR U

Program processing

N

AN DOONDEEDE

4 X ' ‘|‘ ' A4 fL
) | 0 AN A y—0
N/ DN ST /A ST
i 7

(3) Write data to
ICDRT register.

(2) Set TRS bitto 1.

A\

(3) Write data to
ICDRT register.

(3) Write data to (3) Write data to
ICDRT register. ICDRT register.

Figure 25.14 Operating Timing in Transmit Mode (Clock Synchronous Serial Mode)
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25.5.3 Receive Operation

In receive mode, data is latched at the rising edge of the transfer clock. The transfer clock is output when the
MST bit in the ICCR1 register is set to 1 and input when the MST bit is set to 0.
Figure 25.15 shows the Operating Timing in Receive Mode (Clock Synchronous Serial Mode).

The receive procedure and operation in receive mode are as follows.

(1) SettheICE bitinthe ICCR1 register to 1 (transfer operation enabled). Then set bits CKS0 to CKS3 in the
ICCRL1 register and the MST bit (initial setting).

(2) Setthe MST bit to 1 while the transfer clock is being output. Thiswill start the output of the receive clock.

(3) When the receive operation is completed, data is transferred from registers ICDRS to ICDRR and the
RDREF bit in the ICSR register is set to 1. When the MST bit is set to 1, the clock is output continuously
since the next byte of datais enabled for reception. Continuous reception is enabled by reading the ICDRR
register every time the RDRF bit is set to 1. If the 8th clock cycle falls while the RDRF hit is set to 1, an
overrun is detected and the AL bit in the ICSR register is set to 1. At thistime, the last receive data is
retained in the ICDRR register.

(4) When the MST bit isset to 1, set the RCVD hit in the ICCR1 register to 1 (next receive operation disabled)
and read the ICDRR register. The SCL signal isfixed “H” after the following byte of data reception is
completed.

R VAN ANAWANANANAWRANAWANAN

)(:55 X:SS X:
(ir;sp[t)th) \ b0 X bl $:X b6 X b7 X b0 g:X b6 X b7 X b0

N i ff
MST bit in ICCR1

register
TRS bit in ICCR1 X
register o 5( 55
Y
RDRF bit in ICSR
register 5( T
\ v A 4 Y A 4
£ 35
ICDRS register \ X Data 1 X / Data 2 X Dat% 3
| P I
£ £
ICDRR register \ g X / Data 1 g X Data 2 /
Program processing  (2) Set MST bitto 1 (3) Read ICDRR register. (3) Read ICDRR register.

(when transfer clock is output).

Figure 25.15 Operating Timing in Receive Mode (Clock Synchronous Serial Mode)
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25.6

Examples of Register Setting

Figures 25.16 to 25.19 show Examples of Register Setting When Using 12C bus interface.

Start

t

| Initial setting

——]

[ ReadBBSY bitin ICCR2 register

No " ggsy =07

Yes

ICCR1 register TRS bit « 1
MST bit « 1

ICCR2 register SCP bit «<— 0
BBSY bit « 1

| Write transmit data to ICDRT register

————

| Read TEND bit in ICSR register

No

Yes

Read ACKBR bit in ICIER register

Transmit
mode?

| Write transmit data to ICDRT register

]

| Read TDRE bit in ICSR register

No

Yes

Yes

| Write transmit data to ICDRT register

—

| Read TEND bit in ICSR register

No
Yes
| ICSR register ~ TEND bit « 0
|
| ICSR register ~ STOP bit < 0

ICCR2 register SCP bit «<— 0
BBSY bit « 0

—]

| Read STOP bit in ICSR register

No
Yes
ICCR1 register TRS bit < 0
MST bit « 0

| ICSR register TDRE bit «- 0

End

(©)

(6)

« Setthe STOP bitin the ICSR register to 0.

« Setthe IICSEL bit in the SSUIICSR register to 1.

« Set the MSTIIC bit in the MSTCR register to 0.
(1) Determine the state of the SCL and SDA lines.

(2) Set to master transmit mode.
(3) Generate a start condition.

(4) Set the transmit data of the 1st byte
(slave address + R/W).

(5) Wait until 1 byte of data is transmitted.

(6) Determine the ACKBR bit from the specified
slave device.

(7) Set the transmit data after 2nd byte
(except the last byte).

(8) Wait until the ICRDT register is empty.

(9) Set the transmit data of the last byte.

(10) Wait for end of transmission of the last byte.
(11) Set the TEND bit to 0.

(12) Set the STOP bit to 0.

(13) Generate a stop condition.

(14) Wait until a stop condition is generated.

(15) Set to slave receive mode.
Set the TDRE bit to 0.

I Master receive mode I

Jo

®)

(9)

(10)

Jay
Ja2

] (13)

(14)

(15)

Figure 25.16 Register Setting Example in Master Transmit Mode (12C bus Interface Mode)
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| | Master receive mode | |
I

| ICSR register ~ TEND bit < 0

| ICCR1 register  TRS bit < 0

| ICSR register  TDRE bit < 0

| ICIER register ACKBT bit < 0

| Dummy read in ICDRR register

| Read RDREF bit in ICSR register

Yes
Last receive - 1?

| Read ICDRR register

| ICIER register ACKBT bit < 1

| ICCR1 register RCVD bit « 1

| Read ICDRR register

.|

ot

| Read RDREF bit in ICSR register

No

Yes

ICSR register STOP bit <~ 0

ICCR2 register SCP bit « 0
BBSY bit < 0

.|
>

Read STOP bit in ICSR register

Yes

| Read ICDRR register

| ICCR1 register  RCVD bit < 0

| ICCR1 register  MST bit < 0

End

Notes:

()

4)

©)

Jao

(1

(12)

Ja3
Jas
Jas

1. Do not generate interrupts while processing steps (1) to (3).
2. For 1 byte of data reception, skip steps (2) to (6) after step (1) and jump to process step (7).
Process step (8) is a dummy read from the ICDRR register.

(1) Set the TEND bit to 0 and set to master receive mode.
Set the TDRE bit to 0. 2

(2) Set the ACKBT bit to the transmit device. @
(3) Dummy read the ICDRR register. @

(4) Wait until 1 byte is received.

(5) Determine (last receive - 1).

(6) Read the receive data.

(7) Set the ACKBT bit of the last byte and set continuous
receive operation to disable (RCVD = 1). @

(8) Read the receive data of (last byte - 1).
(9) Wait until the last byte is received.

(10) Set the STOP bit to 0.

(11) Generate a stop condition.

(12) Wait until a stop condition is generated.
(13) Read the receive data of the last byte.
(14) Set the RCVD bit to 0.

(15) Set to slave receive mode.

Figure 25.17 Register Setting Example in Master Receive Mode (12C bus Interface Mode)
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| | Slave transmit mode | |

| ICSR register  AAS bit « 0

|

Write transmit data to ICDRT register

Read TDRE bit in ICSR register

Last byte?

Write transmit data to ICDRT register

Read TEND bit in ICSR register

No

Yes

| ICSR register ~ TEND bit < 0

| ICCR1 register ~ TRS bit < 0

Dummy read ICDRR register

| ICSR register  TDRE bit <~ 0

End

@)

4)

(1) Set the AAS bit to 0.

(2) Set the transmit data (except the last byte).
(3) Wait until the ICRDT register is empty.

(4) Set the transmit data of the last byte.

(5) Wait until the last byte is transmitted.

(6) Set the TEND bit to 0.

(7) Set to slave receive mode.

(8) Dummy read the ICDRR register to release
the SCL signal.

(9) Set the TDRE bit to 0.

Figure 25.18 Register Setting Example in Slave Transmit Mode (I2C bus Interface Mode)
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| | Slave receive mode | |

| ICSR register ~ AAS bit < 0

| (2) Set the ACKBT bit to the transmit device.
| ICIER register ACKBT bit < 0 | :| @)

| (3) Dummy read the ICDRR register.
| Dummy read ICDRR register | :I ?3)

| :I ) (1) Set the AAS bitto 0.

(4) Wait until 1 byte is received.

— (5) Determine (last receive - 1).

| Read RDRF bit in ICSR register |

(6) Read the receive data.

4 (7) Set the ACKBT bit of the last byte. @

(8) Read the receive data of (last byte - 1).

I (9) Wait until the last byte is received.

Yes

Last receive - 1? (5) (10) Read the receive data of the last byte.
| Read ICDRR register | :I (6)
]
[
| ICIER register ACKBT bit « 1 | :| @
[
| Read ICDRR register | :I (8)
‘I
>
| Read RDRF bit in ICSR register |
No C)
Yes
Read ICDRR register | :I (10)
End

Note:
1. For 1 byte of data reception, skip steps (2) to (6) after (1) and jump to process step (7).
Process step (8) is a dummy read from the ICDRR register.

Figure 25.19 Register Setting Example in Slave Receive Mode (12C bus Interface Mode)
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25.7 Noise Canceller

The states of pins SCL and SDA are routed through the noise canceller before being latched internally.
Figure 25.20 shows a Noise Canceller Block Diagram.
The noise canceller consists of two cascaded latch and match detector circuits. When the SCL pin input signal (or

SDA pininput signal) is sampled on f1 and two latch outputs match, the level is passed forward to the next circuit.
When they do not match, the former value is retained.

f1 (sampling clock)

C C
SCL or SDA » D Q D Q > Match
input signal detection Internal SCL
Latch Latch N ™ or SDA signal
|—> circuit
f1 period

A

f1 (sampling clock) i| _I |_| |_|

Figure 25.20 Noise Canceller Block Diagram
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25.8 Bit Synchronization Circuit

When the I2C bus interface is set to master mode, the high-level period may become shorter if:
* The SCL signal isdriven L level by aslave device

* Therise speed of the SCL signal is reduced by aload (load capacity or pull-up resistor) on the SCL line.

Therefore, the SCL signal is monitored and communication is synchronized bit by bit.

Figure 25.21 shows the Bit Synchronization Circuit Timing and Table 25.7 lists the Time between Changing SCL

Signal from “L” Output to High-Impedance and Monitoring SCL Signal.

Reference clock of
SCL monitor timing

A -—

e -—

L

\
\
\

-
______________

- O----

—

Internal SCL

__________________

Figure 25.21 Bit Synchronization Circuit Timing
Table 25.7  Time between Changing SCL Signal from “L” Output to High-Impedance and
Monitoring SCL Signal
ICCR1 Register o .
LM T
CKS3 CKS2 SCL Monitoring Time
0 0 7.5Tcyc
1 19.5Tcyc
1 0 17.5Tcyc
1 41.5Tcyc

1Tcyc = 1/f1(s)
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25.9 Notes on I2C bus Interface
To usethe 12C bus interface, set the IICSEL bit in the SSUIICSR register to 1 (12C bus interface function selected).
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26. Hardware LIN

The hardware LIN performs LIN communication in cooperation with timer RA and UARTO.

26.1 Overview

The hardware LIN has the features listed below.
Figure 26.1 shows a Hardware LIN Block Diagram.
The wake-up function for each mode is detected using INT1.

Master mode
* Synch Break generation
¢ Bus collision detection

Slave mode

» Synch Break detection

* Synch Field measurement

* Control function for Synch Break and Synch Field signal inputsto UARTO
* Buscollision detection

Hardware LIN
r-—r——"—"~™"~">""™>""™>""™>""™>""~>"""™"™"""™"""™"""="="=""™>""™>"™>=">"™>"™"™"7="7 1
| Synch Field |
RXDO pin O

P : 7] control : Timer RA
I circuit |
| TIOSEL=0 |
: RXDdata |
I - I Timer RA
| LSTART bit ——{ RXDO input TIOSEL=1 I underflow signal
: SBE bit——| control L i

it—®—  circuit Timer RA
| LINE bit Interrupt | | interrupt
| control >
| Bus collision circuit |
: detection : 1 uaRTO
| creet 1 gits BCIE, sBIg,
| and SFIE |
| | UARTO transfer clock
: ' UARTO TE bit
| I Timer RA output pulse
| |
| MST bit |
| |
TXDO pin O I UARTO TXD data

| |
LINE, MST, SBE, LSTART, BCIE, SBIE, SFIE: Bits in LINCR register
TIOSEL: Bit in TRAIOC register
TE: Bit in UOCL1 register

Figure 26.1 Hardware LIN Block Diagram

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 428 of 573



R8C/32C Group 26. Hardware LIN

26.2 Input/Output Pins
The pin configuration for the hardware LIN islisted in Table 26.1.

Table 26.1  Hardware LIN Pin Configuration

Name Pin Name | Assigned Pin | Input/Output Function
Receive data input RXDO P1 5@ Input Receive data input pin for the
- hardware LIN
Transmit data output TXDO P1 42 Output Transmit data output pin for the
- hardware LIN
Notes:

1. To use the hardware LIN, refer to Table 7.10.
2. To use the hardware LIN, set the TXDOSELO bit in the UOSR register to 1.
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26.3 Registers
The hardware LIN contains the following registers:
* LIN Control Register 2 (LINCR?2)
* LIN Control Register (LINCR)
* LIN Status Register (LINST)

26.3.1 LIN Control Register 2 (LINCR2)
Address 0105h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol|—|—|—|—|———BCE
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 BCE |Bus collision detection during Sync Break transmission |0: Bus collision detection disabled | R/W
enable bit 1: Bus collision detection enabled
bl — Reserved bits Setto 0. R/W
b2 —
b3 —
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 430 of 573



R8C/32C Group 26. Hardware LIN

26.3.2 LIN Control Register (LINCR)
Address 0106h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| LINE | MST | SBE | LSTART | RXDSF | BCIE SBIE SFIE
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 SFIE |Synch Field measurement-completed |0: Synch Field measurement-completed interrupt R/W
interrupt enable bit disabled
1: Synch Field measurement-completed interrupt
enabled
bl SBIE |Synch Break detection interrupt 0: Synch Break detection interrupt disabled R/W
enable bit 1: Synch Break detection interrupt enabled
b2 BCIE |Bus collision detection interrupt 0: Bus collision detection interrupt disabled R/W
enable bit 1: Bus collision detection interrupt enabled
b3 RXDSF |RXDO input status flag 0: RXDO input enabled R
1: RXDO input disabled

b4 | LSTART |Synch Break detection start bit (1) When this bit is set to 1, timer RA input is enabled | R/W
and RXDO input is disabled.
When read, the content is 0.

b5 SBE |RXDO input unmasking timing 0: Unmasked after Synch Break detected R/W
select bit 1: Unmasked after Synch Field measurement
(effective only in slave mode) completed

b6 MST  |LIN operation mode setting bit (2) 0: Slave mode RIW

(Synch Break detection circuit operation)
1: Master mode

(timer RA output OR’ed with TXDO0)
b7 LINE [LIN operation start bit 0: LIN operation stops R/W
1: LIN operation starts (3)

Notes:
1. After setting the LSTART bit, confirm that the RXDSF flag is set to 1 before Synch Break input starts.
2. Before switching LIN operation modes, stop the LIN operation (LINE bit = 0) once.
3. Inputs to timer RA and UARTO are disabled immediately after the LINE bit is set to 1 (LIN operation starts).
(Refer to Figure 26.3 Header Field Transmission Flowchart Example (1) and Figure 26.7 Header Field
Reception Flowchart Example (2).)

26.3.3 LIN Status Register (LINST)
Address 0107h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | B2CLR | B1CLR | BOCLR | BCDCT | SBDCT | SFDCT
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 SFDCT |Synch Field measurement-completed {When this bit is set to 1, Synch Field measurement R
flag is completed.
bl SBDCT |Synch Break detection flag when this bit is set to 1, Synch Break is detected or R
Synch Break generation is completed.
b2 BCDCT |Bus collision detection flag When this bit is set to 1, bus collision is detected. R
b3 BOCLR |SFDCT bit clear bit When this bit is set to 1, the SFDCT bit is set to 0. R/W
When read, the content is 0.
b4 B1CLR |SBDCT bit clear bit When this bit is set to 1, the SBDCT bitis setto 0. | R/IW
When read, the content is O.
b5 B2CLR |BCDCT bit clear bit When this bit is set to 1, the BCDCT bitis setto 0. | R/W
When read, the content is O.
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —
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26.4 Function Description

26.4.1 Master Mode

Figure 26.2 shows an Operating Example during Header Field Transmission in master mode. Figures 26.3 and
26.4 show Examples of Header Field Transmission Flowchart.
During header field transmission, the hardware LIN operates as follows:

(1) When 1 iswritten to the TSTART bit in the TRACR register for timer RA, a“L” level is output from the
TXDO pin for the period set in registers TRAPRE and TRA for timer RA.

(2) When timer RA underflows, the TXDO pin output isinverted and the SBDCT flag in the LINST register is
set to 1. If the SBIE bit in the LINCR register isset to 1, atimer RA interrupt is generated.

(8) The hardware LIN transmits “55h” viaUARTO.

(4) After the hardware LIN completes transmitting “55h”, it transmitsan ID field via UARTO.

(5) After the hardware LIN completes transmitting the ID field, it performs communication for a response

field.
Synch Break Synch Field IDENTIFIER
TXDO pin ‘ « [TTTTTTT]
)
)‘/l is written to B1CLR bit in LINST register.
SBDCT flag in

LINST register —

Set to 0 when an interrupt request is acknowledged
W or by a program.

IR bit in |
TRAIC register

(1) @ @ 4) )

The above applies when:
LINE=1,MST=1,SBIE=1

Figure 26.2 Operating Example during Header Field Transmission
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INT1

Bits TRAIOSEL1 to TRAIOSELO in TRASR register «— 10b

UARTO RXDO pin assigned to P1_5

RXDOSELO bit in UOSR register « 1
INT1 pin assigned to P1_5
Bits INT1SEL2 to INT1SELO in INTSR register < 001b

Timer RA  Set to timer mode @2
Bits TMOD2 to TMODO in TRAMR register <« 000b

Timer RA Set the pulse output level from low to start .2
TEDGSEL bit in TRAIOC register « 1

Timer RA TRAIO pin assigned to P1_5 .2

!

Timer RA Set the count source (f1, 2, f8, fOCO)

Bits TCKO to TCK2 in TRAMR register

!

Timer RA Set the Synch Break width

TRAPRE register
TRA register

!

UARTO  Set to transmit/receive mode

(Transfer data 8 bits long, internal clock, 1 stop bit, parity
disabled)
UOMR register

(65}

I

UARTO Set the BRG count source (f1, 8, f32)

Bits CLKO and CLK1 in UOCO register

(65}

!

UARTO Set the bit rate

UOBRG register

@

!

Hardware LIN Set the LIN operation to stop

LINE bit in LINCR register <« 0

1)

!

Hardware LIN Set to master mode.

MST bit in LINCR register < 1

(65}

!

Hardware LIN Set bus collision detection to enable

BCE bit in LINCR2 register < 1

1)

'

Hardware LIN Set the LIN operation to start

LINE bit in LINCR register « 1

!

Hardware LIN Set interrupts to enable

(Bus collision detection, Synch Break detection,
Synch Field measurement)
Bits BCIE, SBIE, SFIE in LINCR register

1)

'

Hardware LIN Clear the status flags

(Bus collision detection, Synch Break detection,
Synch Field measurement)
Bits B2CLR, B1CLR, BOCLR in LINST register < 1

®

Notes:

1. When the previous communication completes normally and header field transmission is
performed again with the same settings, the above settings can be omitted.

2. Although the timer-associated registers (TRAMR and TRAIOC) are set before the
TRASR register is set, there is no problem with this flow for the hardware LIN.

Set the TIOSEL bit in the
TRAIOC register to 1 to select
the hardware LIN function.

If the wake-up function is not
necessary, the setting of the
INT1 pin can be omitted.

Set the count source and
registers TRA and TRAPRE
as appropriate for the Synch
Break period.

Set the BRG count source
and the UOBRG register as
appropriate for the bit rate.

In master mode, the Synch
Field measurement-completed
interrupt cannot be used.

Figure 26.3

Header Field Transmission Flowchart Example (1)
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P

Timer RA  Set the timer to start counting
TSTART bitin TRACR register « 1

Timer RA Read the count status flag
TCSTF flag in TRACR register

NO

TCSTF =17

YES*<

Hardware LIN Read the Synch Break detection flag
SBDCT flag in LINST register

NO

SBDCT =17?

YES

Timer RA  Set the timer to stop counting
TSTART bit in TRACR register « 0

[«
V¢

Timer RA Read the count status flag
TCSTF flag in TRACR register

TCSTF =07? NO

YES

UARTO Communication via UARTO
TE bit in UOCL1 register < 1
UQTB register < 0055h

|

UARTO Communication via UARTO
UOTB register « ID field

A Synch Break for timer RA is

generated.

After writing 1 to the TSTART bit,

if registers TRAPRE and TRA for
timer RA are not read or the register
settings are not changed, reading 1
from the TCSTF flag can be omitted.
Zero or one cycle of the timer RA
count source is required after timer
RA starts counting before the TCSTF
flag is set to 1.

A timer RA interrupt can be used to
end Synch Break generation.

One or two cycles of the CPU clock
are required after Synch Break
generation ends before the SBDCT
flag is set to 1.

After a Synch Break for timer RA is
generated, stop the timer count.

After writing O to the TSTART bit,

if registers TRAPRE and TRA for
timer RA are not read or the register
settings are not changed, reading 0
from the TCSTF flag can be omitted.
Zero or one cycle of the timer RA
count source is required after timer
RA stops counting before the TCSTF
flag is set to 0.

The Synch Field is transmitted.

The ID field is transmitted.

Figure 26.4 Header Field Transmission Flowchart Example (2)
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26.4.2 Slave Mode

Figure 26.5 shows an Operating Example during Header Field Reception in slave mode. Figure 26.6 through
Figure 26.8 show examples of Header Field Reception Flowchart.
During header field reception, the hardware LIN operates as follows:

(1) When liswrittentothe LSTART bit inthe LINCR register for the hardware LIN, Synch Break detection is
enabled.

(2) If a“L” level isinput for a duration equal to or longer than the period set in timer RA, the hardware LIN
detected it as a Synch Break. At thistime, the SBDCT flag in the LINST register is set to 1. If the SBIE bit
inthe LINCR register isset to 1, atimer RA interrupt is generated. Then the hardware LIN entersthe Synch
Field measurement.

(3) The hardware LINA receives a Synch Field (55h) and measures the period of the start bit and bits0to 6 is
using timer RA. At this time, whether to input the Synch Field signal to RXDO of UARTO can be selected
by the SBE bit in the LINCR register.

(4) When the Synch Field measurement is completed, the SFDCT flag in the LINST register is set to 1. If the
SFIE bit in the LINCR register isset to 1, atimer RA interrupt is generated.

(5) After the Synch Field measurement is completed, a transfer rate is calculated from the timer RA count
value. Therate is set in UARTO and registers TRAPRE and TRA for timer RA are set again. Then the
hardware LIN receivesan ID field via UARTO.

(6) After the hardware LIN completes receiving the ID field, it performs communication for a response field.

Synch Break P Synch Field IDENTIFIER

RXDO pin « LI HEEEEEEN

27

R [TTTTTTT]
for UARTO 1 is written to LSTART bit
in LINCR register. . | The flag is set to O after Synch Field
. / K1 | measurement is completed.
RXDSF flag in |

LINCR register ——

1 is written to B1CLR bit

) W in LINST register.
SBDCT flag in —|

LINST register

This period is measure. 1 is written to BOCLR bit
< ¥ !in LINST register.

SFDCT flag in
LINST register

Set to 0 when an interrupt request is acknowledged
| or by a program.
N

IR bitin —|

TRAIC register

(€Y @ O 4) ®) (6)

The above applies when:
LINE=1,MST=0,SBE=1,SBIE=1,SFIE=1

Figure 26.5 Operating Example during Header Field Reception
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TRAPRE register
TRA register

Timer RA  Set to pulse width measurement mode @2
Bits TMOD2 to TMODO in TRAMR register «<— 011b

Timer RA  Set the pulse width measurement level to low @2
TEDGSEL bit in TRAIOC register < 0

Timer RA  TRAIO pin assigned to P1_5 .2
Bits TRAIOSEL1 to TRAIOSELO in TRASR register < 10b

UARTO RXDO pin assigned to P1_5
RXDOSELDO bit in UOSR register «— 1

INT1 INT1 pin assigned to P1_5
Bits INT1SEL2 to INT1SELO in INTSR register «<— 001b

Timer RA  Set the count source (f1, f2, f8, fOCO) @
Bits TCKO to TCK2 in TRAMR register

Timer RA  Set the Synch Break width (€]

|

Hardware LIN

Set the LIN operation to stop
LINE bit in LINCR register <~ 0

()]

|

Hardware LIN

Set to slave mode
MST bit in LINCR register <~ 0

()]

|

Hardware LIN

Set the LIN operation to start
LINE bit in LINCR register < 1

|

Hardware LIN

Set the RXDO input unmasking timing

(After Synch Break detection, or after Synch Field
measurement)

SBE bit in LINCR register

()]

!

Hardware LIN

Set interrupts to enable

(Bus collision detection, Synch Break detection, Synch
Field measurement)

Bits BCIE, SBIE, SFIE in LINCR register

()]

Notes:

®

Set the TIOSEL bit in the
TRAIOC register to 1 to select the
hardware LIN function.

If the wake-up function is not
necessary, the setting of the INT1
pin can be omitted.

Set the count source and registers
TRA and TRAPRE as appropriate
for the Synch Break period.

Select the timing at which to
unmask the RXDO input for UARTO.
If the RXDO input is chosen to be
unmasked after Synch Break
detection, the Synch Field signal is
also input to UARTO.

1. When the previous communication completes normally and header field reception is
performed again with the same settings, the above settings can be omitted.

2. Although the timer-associated registers (TRAMR and TRAIOC) are set before the
TRASR register is set, there is no problem with this flow for the hardware LIN.

Figure 26.6

Header Field Reception Flowchart Example (1)
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P

Hardware LIN Clear the status flags
(Bus collision detection, Synch Break
detection, Synch Field measurement)
Bits B2CLR, B1CLR, BOCLR in LINST
register « 1

{

Timer RA  Set pulse width measurement to start
TSTART bit in TRACR register < 1

|«
+
Timer RA Read the count status flag
TCSTF flag in TRACR register

Wait until timer RA starts counting.

Zero or one cycle of the timer RA count
source is required after timer RA starts

NO . .
TCSTE = 19 fc?timmg before the TCSTF flag is set
YES : Wait until the RXDO input to UARTO for

- the hardware LIN is masked.
H LIN h Break . .
ardware Set Synch Break detection to start After writing 1 to the LSTART bit,

LSTART bit in LINCR register « 1 do not apply a “L” level to the RXDO pin
Iz until 1 is read from the RXDSF flag.

; Otherwise, the signal applied during this
Hardware LIN E;aDdStE?I RX.DCI)_I'RI%UIQ statyst flag time will be input directly to UARTO.
agn register One or two cycles of the CPU clock and

zero or one cycle of the timer RA count
NO source are required after the LSTART bit

is set to 1 before the RXDSF flag is set
to 1. After this, input to timer RA and

RXDSF =17?

YES [« : UARTO is enabled.
Hardware LIN Read the Synch Break detection flag g\e?ggtgz.Break for the hardware LIN s
SBDCT flag in LINST register A timer RA interrupt can be used.

When a Synch Break is detected, timer

RA is reloaded with the initially set count
NO
SBDCT =17 value.

By Even if the duration of the input “L” level

is shorter than the set period, timer RA is
reloaded with the initially set count value.
Wait until the next “L” level is input.

One or two cycles of the CPU clock are
required after Synch Break detection
before the SBDCT flag is

setto 1.

If the SBE bit in the LINCR register is set
to 0 (unmasked after Synch Break
detected), timer RA can be used in timer
mode after the SBDCT flag in the LINST
register is set to 1 and the RXDSF flag is
setto 0.

Figure 26.7 Header Field Reception Flowchart Example (2)
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Hardware LIN  Read the Synch Field measurement-
completed flag
SFDCT flag in LINST register

NO

UARTO Set the UARTO communication rate
UOBRG register

!

Timer RA Set the Synch Break width again
TRAPRE register
TRA register

UARTO Communication via UARTO
Clock asynchronous serial interface
(UART) mode ID field reception

v I

SFDCT =17 —J

YES —

A Synch Field for the hardware LIN
is measured.

A timer RA interrupt can be used.
(The SBDCT flag is set when

the timer RA counter underflows.)
If the SBE bit in the LINCR register
is set to 1 (unmasked after Synch
Field measurement completed),
timer RA can be used in timer mode
after the SFDCT flag in the LINST
register is set to 1 and the RXDSF
flag is set to 0.

Set a communication rate based on
the Synch Field measurement
result.

Communication is performed via
UARTO.

(The SBDCT flag is set when

the timer RA counter underflows.)

Figure 26.8 Header Field Reception Flowchart Example (3)
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26.4.3 Bus Collision Detection Function

The bus collision detection function can be used if UARTO is enabled for transmission (TE bit in UOCL register
=1). To detect a bus callision during Synch Break transmission, set the BCE bit in the LINCR2 register to 1
(bus collision detection enabled).

Figure 26.9 shows an Operating Example When Bus Collision is Detected.

TXDO pin | | | | |

RXDO pin | | | | |

=
’_I
’:I
’:I
’:I

Transfer clock —l_—\__\_mr\_

Set to 1 by a program.

LINE bit in
LINCR register — |

'/Set to 1 by a program.

TE bitin
UOC1 register J

'/1 is written to B2CLR bit in LINST register.
BCDCT flag in |
LINST register

Set to 0 when an interrupt request is acknowledged
or by a program.

IR bit in
TRAIC register

Figure 26.9 Operating Example When Bus Collision is Detected
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26.4.4 Hardware LIN End Processing
Figure 26.10 shows an Example of Hardware LIN Communication Completion Flowchart.
Use the following timing for hardware LIN end processing:
* If the hardware bus collision detection function is used
Perform hardware LIN end processing after checksum transmission compl etes.
* |f the bus collision detection function is not used
Perform hardware LIN end processing after header field transmission and reception complete.

—
Timer RA  Set the timer to stop counting
TSTART bit in TRACR register < 0 ) )
» Set the timer to stop counting.
¥
Timer RA Read the cognt status flag. Zero or one cycle of the timer RA
TCSTF flag in TRACR register count source is required after
timer RA stops counting before
NO the TCSTF flag is set to 1.
TCSTF =0?
-/
YES — If the bus collision detection
UARTO  Transmission completes via UARTO function is not used, UARTO
__) transmission completion
l processing is not required.
Hardware LIN Clear the status flags )
(Bus caollision detection, Synch Break detection, Synch
Field measurement) _ _ After clearing the hardware LIN
Bits B2CLR, B1CLR, BOCLR in LINST register «<— 1 status flag, stop the hardware
l LIN operation.
Hardware LIN  Set the LIN operation to stop
LINE bit in LINCR register < 0 B

Figure 26.10 Example of Hardware LIN Communication Completion Flowchart
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26.5 Interrupt Requests

There are four interrupt requests generated by the hardware LIN: Synch Break detection, Completion of Synch
Break generation, Completion of Synch Field measurement, and bus collision detection. These interrupts are
shared with timer RA.

Table 26.2 lists the Hardware LIN Interrupt Requests.

Table 26.2  Hardware LIN Interrupt Requests

Interrupt Request Status Flag Interrupt Source

Synch Break detection SBDCT Generated when timer RA underflows after the “L” level
duration for the RXDO input is measured, or when a “L" level
is input for a duration longer than the Synch Break period
during communication.

Completion of Synch Generated when a “L” level output to TXDO for the duration
Break generation set by timer RA is completed.

Completion of Synch SFDCT Generated when measurement for 6 bits of the Lynch Field
Field measurement by timer RA is completed.

Bus collision detection BCDCT Generated when the RXDO input and TXDO output values

are different at data latch timing while UARTO is enabled for
transmission.
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26.6 Notes on Hardware LIN

For the time-out processing of the header and response fields, use another timer to measure the duration of time
with a Synch Break detection interrupt as the starting point.
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27. A/D Converter

The A/D converter consists of one 10-bit successive approximation A/D converter circuit with a capacitive coupling
amplifier. The analog input shares pinsand P1 Oto P1 3.

27.1 Overview
Table 27.1 liststhe A/D Converter Performance. Figure 27.1 shows a Block Diagram of A/D Converter.

Table 27.1 A/D Converter Performance

Item Performance
A/D conversion method Successive approximation (with capacitive coupling amplifier)
Analog input voltage (1) 0Vto AVCC
Operating clock ¢AD (2) fAD, fAD divided by 2, fAD divided by 4, fAD divided by 8
(fAD=f1 or fOCO-F)
Resolution 8 bits or 10 bits selectable
Absolute accuracy AVCC =Vref =5V, ¢AD =20 MHz

« 8-bit resolution +2 LSB
« 10-bit resolution +3 LSB

AVCC = Vref =3.3V, ¢AD = 16 MHz
« 8-bit resolution +2 LSB
« 10-bit resolution +5LSB

AVCC = Vref =3.0V, ¢AD = 10 MHz
* 8-bit resolution +2 LSB
» 10-bit resolution +5LSB

AVCC =Vref =2.2V, ¢AD =5 MHz
* 8-bit resolution +2 LSB
» 10-bit resolution +5 LSB

Operating mode One-shot mode, repeat mode 0, repeat mode 1, single sweep mode,
and repeat sweep mode

Analog input pin 4 pins (AN8 to AN11)

A/D conversion start condition |+ Software trigger
e Timer RC

« External trigger

(Refer to 27.3.3 A/D Conversion Start Condition.)
Conversion rate per pin Minimum 43 ¢AD cycles
(6AD = fAD) 3

Notes:
1. When the analog input voltage is over the reference voltage, the A/D conversion result will be 3FFh
in 10-bit mode and FFh in 8-bit mode.
2. Refer to Table 31.3 A/D Converter Characteristics for the operating clock ¢A/D.
3. The conversion rate per pin is minimum 43 ¢AD cycles for 8-bit and 10-bit resolution.
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CKs2=1 CKS1 to CKSO

fOCO-F —© fAD ~00b
1/2 1/2 1/2 —
o o—e—] o 4 }—:01%\0—>
CKS2=0 =10b $AD
=11b
VREF L
O ADSTBY =0 Analog circuit l
s O e o LI TTTTETTY
ADCAP1 to ADCAPO CTTTTTTTTT l«
Software trigger =00b —
~01b 2 ) Successive conversion SCANL1 to SCANO
Do not set. Trigger register
Timer RC trigger =100 : CH2 to CHO
ADTRG O =11b 0 ADO reg!ster -
AD1 register -t Vref
AD2 register -
AD3 register - Decod
*——
AD4 register ecoder
AD5 register Comparator
ADG register Vin
ADY register -
@ ADGSELL1 to ADGSELO
S Data bus 3
P1_0/ANS O gHi to gHg = ggog 3 ADGSELL to ADGSELO
PL_LIAN9 O 0:2 :0 c:o . Ol;b 0 L S0b, o
=
P1_2/AN10 O CH2 tz CHO =011b 2 =11b
P1_3/AN11 O 0
ADEX0 =0
OCVREFAN =0 KC ADEXO = 1 k o
. OCVREFAN = 1 o
On-chip reference voltage
(OCVREF) (Note 1)
ADDDAEN=0

ADDDAEN:lz\O—

ADDDAELME

CKSO0 to CKS2, ADCAPO to ADCAP1.: Bits in ADMOD register

CHO to CH2, SCANO to SCAN1, ADGSELO to ADGSEL1.: Bits in ADINSEL register
ADEXO0, ADSTBY, ADDDAEN, ADDDAEL: Bits in ADCON1 register

OCVREFAN: Bit in OCVREFCR register

Note:
1. When on-chip reference voltage is used as analog input, first set the ADEXO0
bit to 1 (on-chip reference voltage selected) and then set the OCVREFAN bit to
1 (on-chip reference voltage and analog input are connected).
When on-chip reference voltage is not used as analog input, first set the
OCVREFAN bit to 0 (on-chip reference voltage and analog input are cut off)
and then set the ADEXO bit to 0 (extended analog input pin not selected).

Figure 27.1

Block Diagram of A/D Converter
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27.2 Registers

27.2.1 On-Chip Reference Voltage Control Register (OCVREFCR)
Address 0026h

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — | — | — | — | — | — [OCVREFAN|
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W

b0 | OCVREFAN |On-chip reference voltage to |0: On-chip reference voltage and analog input are cut off| R/W
analog input connect bit (1) |1: On-chip reference voltage and analog input are
connected

bl — Reserved bits Setto 0. R/W
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —

Note:

1. When on-chip reference voltage is used as analog input, first set the ADEXO bit in the ADCON1 register to 1 (on-
chip reference voltage selected) and then set the OCVREFAN bit to 1 (on-chip reference voltage and analog
input are connected).

When on-chip reference voltage is not used as analog input, first set the OCVREFAN bit to 0 (on-chip reference
voltage and analog input are cut off) and then set the ADEXO bit to O (extended analog input pin not selected).

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the OCV REFCR register.
If the contents of the OCVREFCR register are rewritten during A/D conversion, the conversion result is
undefined.
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27.2.2 A/D Registeri (ADi)(i=0to 7)

Address 00C1h to 00COh (ADO), 00C3h to 00C2h (AD1), 00C5h to 00C4h (AD2),
00C7h to 00C6h (AD3), 00C9h to 00C8h (AD4), 00CBh to 00CAh (AD5),
00CDh to 00CCh (AD6), 00CFh to 00CEh (AD7)

Bit b7 b6 b5 b4 b3 b2 bl b0
smoo — ] — ] — ] — ] — T — ] — T -
After Reset X X X X X X X X
Bit b15 b14 b13 b12 b1l b10 b9 b8
Symbol — — — — — — — —
After Reset 0 0 0 0 0 0 X X
Function
Bit [10-Bit Mode 8-Bit Mode R/W
(BITS Bit in ADCONL1 Register = 1) (BITS Bit in ADCON1 Register = 0)
b0 |8 low-order bits in A/D conversion result A/D conversion result R
bl
b2
b3
b4
b5
b6
b7
b8 |2 high-order bits in A/D conversion result When read, the content is 0. R
b9
b10 [Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b1l
b12
b13
b14
b15 [Reserved bit |When read, the content is undefined. R

If the contents of the ADCON1, ADMOD, ADINSEL, or OCVREFCR register are written during A/D

conversion, the conversion result is undefined.

When using the A/D converter in 10-bit mode, repeat mode O, repeat mode 1, or repeat sweep mode, access the

ADi register in 16-bit units. Do not access it in 8-bit units.
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27.2.3 A/D Mode Register (ADMOD)
Address 00D4h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | ADCAP1 | ADCAPOQ | MD2 | MD1 | MDO CKS2 CKS1 CKSO0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CKSO [Division select bit b(l)bg ¢AD divided by 8 R/W
: ivi %
bl CKsS1 0 1: fAD divided by 4 RIW
1 0: fAD divided by 2
1 1: fAD divided by 1 (no division)
b2 CKS2 |Clock source select bit @) 0: Selects f1 R/W
1: Selects fOCO-F
b3 MDO |A/D operating mode select bit|b5 b4 b3 R/W
b MD1 0 0 0: One-shot mode RIW
b5 VD2 00 1: Do not set. RIW
0 1 0: Repeat mode 0
01 1: Repeat mode 1
1 0 0: Single sweep mode
10 1: Do not set.
11 0: Repeat sweep mode
11 1: Do not set.
b6 | ADCAPO |A/D conversion trigger select bg)bg AD ] arts b t . (ADST bit R/W
bit : conversion starts by software trigger itin
b7 | ADCAPL ADCONQO register) RIW
0 1: Do not set.
1 0: A/D conversion starts by conversion trigger from timer
RC
1 1: A/D conversion starts by external trigger (ADTRG)
Note:

1. When the CKS2 bit is changed, wait for 3 $AD cycles or more before starting A/D conversion.

If the ADMOD register isrewritten during A/D conversion, the conversion result is undefined.
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27.2.4 A/D Input Select Register (ADINSEL)
Address 00D5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol |ADGSEL1|ADGSELO| — | SCANO | — | CH2 CH1 CHO
After Reset 1 1 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CHO [Analog input pin select bit Refer to Table 27.2 Analog Input Pin Selection R/W
bl CH1 R/W
b2 CH2 R/W
b3 — Reserved bit Setto 0. R/W
b4 SCANO |A/D sweep pin count select bit 0: 2 pins R/W
1: 4 pins
b5 — Reserved bit Setto 0. R/W
b6 |ADGSELO|A/D input group select bit bébgl Do not set R/W
b7 |ADGSELL 0 1: Port P1 group selected RIW
1 0: Do not set.
1 1: Port group not selected

If the ADINSEL register isrewritten during A/D conversion, the conversion result is undefined.

Table 27.2  Analog Input Pin Selection

Bits CH2 to CHO Bits ADGSEL1, ADGSELO = 01b

000b ANS8

001b AN9

010b AN10

011b AN11

100b Do not set.

101b

110b

111b
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27.2.5 A/D Control Register 0 (ADCONO)
Address 00D6h

Bit b7 b6 b5 b4 b3 b2 bl b0
sympol| — | — [ — | — | — | — | — | ADST
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 ADST |A/D conversion start flag 0: Stop A/D conversion R/W
1: Start A/D conversion
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —

ADST Bit (A/D conversion start flag)

[Conditions for setting to 1]

When A/D conversion starts and while A/D conversion isin progress.
[Condition for setting to Q]

When A/D conversion stops.
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27.2.6 A/D Control Register 1 (ADCONL1)
Address 00D7h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol |ADDDAEL |ADDDAEN | ADSTBY | BITS | — — — ADEX0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 ADEXO0 |Extended analog input pin select bit (1) |0: Extended analog input pin not selected R/IW
1: On-chip reference voltage selected ()
bl — Reserved bits Setto 0. R/W
b2 —
b3 —
b4 BITS |8/10-bit mode select bit 0: 8-bit mode R/W
1: 10-bit mode
b5 ADSTBY |A/D standby bit (3) 0: A/D operation stops (standby) R/W
1: A/D operation enabled
b6 |ADDDAEN |A/D open-circuit detection assist 0: Disabled R/W
function enable bit (4) 1: Enabled
b7 |ADDDAEL |A/D open-circuit detection assist 0: Discharge before conversion R/W
method select bit (4) 1: Precharge before conversion

Notes:

1. When on-chip reference voltage is used as analog input, first set the ADEXO bit to 1 (on-chip reference voltage
selected) and then set the OCVREFAN bit in the OCVREFCR register to 1 (on-chip reference voltage and analog
input are connected).

When on-chip reference voltage is not used as analog input, first set the OCVREFAN bit to 0 (on-chip reference
voltage and analog input are cut off) and then set the ADEXO bit to 0 (extended analog input pin not selected).

2. Do not set to 1 (A/D conversion using comparison reference voltage as input) in single sweep mode or repeat
sweep mode.

3. When the ADSTBY bit is changed from 0 (A/D operation stops) to 1 (A/D operation enabled), wait for 1 ¢AD cycle
or more before starting A/D conversion.

4. To enable the A/D open-circuit detection assist function, select the conversion start state with the ADDDAEL bit
after setting the ADDDAEN bit to 1 (enabled).

The conversion result with an open circuit varies with external circuits. Careful evaluation should be performed
according to the system before using this function.

If the ADCONL register is rewritten during A/D conversion, the conversion result is undefined.
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27.3 Common Items for Multiple Modes

27.3.1 Input/Output Pins

The analog input sharespinsP1_ 0to P1L 3in AN8to AN11.

When using the ANi (i =8 to 11) pin asinput, set the corresponding port direction bit to O (input mode).
After changing the A/D operating mode, select an analog input pin again.

27.3.2 A/D Conversion Cycles
Figure 27.2 shows a Timing Diagram of A/D Conversion. Figure 27.3 shows the A/D Conversion Cycles (¢AD

=fAD).
A/D conversion execution time
P »
) >
st Open-circuit L . .
art process detection < Conversion time of 1st bit 2nd bit End process
Start Open-u_rcun Sampling time Comparison | Comparison | Comparison Comparison
detection h ; A I N End process
process I 15 $AD cycles time time time time
Charging time
I Repeat until conversion ends
L >

Figure 27.2  Timing Diagram of A/D Conversion

A/D conversion execution time

< >
Conversion time
Open-circuit . . . at the 2nd bit and
Start process detection Conversion time at the 1st bit the follows End process
O I EEE—
Conversion time Start process Open-u_rcmt I Comparison Comparison
Minimum) ® (Minimum) detectlo_n Sampling time time time End process
( Charging time
Disabled: 0 ¢AD
43 $AD 1 ¢AD 15 ¢AD 2.5 ¢AD 2.5 ¢AD 2 AD
Enabled: 2 ¢AD
Note:

1. The conversion time (minimum) is 43 ¢AD for 8-bit and 10-bit resolution.

Figure 27.3  A/D Conversion Cycles (¢AD =fAD)
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Table 27.3 shows the Number of Cycles for A/D Conversion Items. The A/D conversion time is defined as
follows.

The start process time varies depending on which ¢AD is selected.

When 1 (A/D conversion starts) is written to the ADST bit in the ADCONO register, an A/D conversion starts
after the start process time has elapsed. Reading the ADST bit before the A/D conversion returns 0 (A/D
conversion stops).

In the modes where an A/D conversion is performed on multiple pins or multiple times, the between-execution
process time is inserted between the A/D conversion execution time for one pin and the next A/D conversion
time.

In one-shot mode and single sweep mode, the ADST bit is set to 0 during the end process time and the last A/D
conversion result is stored in the ADi register.

* In on-shot mode
Start process time + A/D conversion execution time + end process time

* When two pins are selected in single sweep mode
Start process time + (A/D conversion execution time + between-execution process time + A/D conversion
execution time) + end process time

Table 27.3  Number of Cycles for A/D Conversion ltems

27.A/D Converter

A/D Conversion Item Number of Cycles
Start process time oAD = fAD 1 or 2 fAD cycles
¢AD = fAD divided by 2 2 or 3 fAD cycles
¢AD = fAD divided by 4 3 or 4 fAD cycles
oAD = fAD divided by 8 5 or 6 fAD cycles
A/D conversion Open-circuit detection disabled 40 ¢AD cycles
execution time Open-circuit detection enabled 42 $AD cycles

Between-execution process time

1 ¢AD cycle

End process time

2 or 3 fAD cycles
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27.3.3 A/D Conversion Start Condition

A software trigger, trigger from timer RC, and external trigger are used as A/D conversion start triggers.
Figure 27.4 shows the Block Diagram of A/D Conversion Start Control Unit.

ADCAP1 to ADCAPO ®
=00b

IMFj ADST —«:D;mbo
(TRCSR register) A

DTRGjE =11b A/D conversion start trigger
ADTRG pin INTOEN
PD4 5

j=A,B,C,D k=0to1

ADCAP1 to ADCAPO: Bits in ADMOD register
ADST: Bit in ADCONO register

ADTRGIE: Bitin TRCADCR register

INTOEN: Bit in INTEN register

IMFj: Bit in TRCSR register

PD4_5: Bit in PD4 register

Note:
1. Do not set bits ADCAP1 to ADCAPO to 01b.

Figure 27.4  Block Diagram of A/D Conversion Start Control Unit

27.3.3.1 Software Trigger
A software trigger is selected when bits ADCAPL to ADCAPO in the ADMOD register are set to 00b (software
trigger).
The A/D conversion starts when the ADST bit in the ADCONO register is set to 1 (A/D conversion starts).

27.3.3.2 Trigger from Timer RC

Thistrigger is selected when bits ADCAP1 to ADCAPO in the ADMOD register are set to 10b (timer RC).
To use this function, make sure the following conditions are met.

* Bits ADCAP1 to ADCAPO in the ADMOD register are set to 10b (timer RC).

* Timer RC is used in the output compare function (timer mode, PWM mode, PWM2 mode).

* The ADTRGJE hit (j =A, B, C, D) inthe TRCADCR register is set to 1 (A/D trigger occurs at compare match
with TRCGRj register).

* The ADST hit in the ADCONO register is set to 1 (A/D conversion starts).

When the IMFj bit in the TRCSR register is changed from 0 to 1, A/D conversion starts.
Refer to 19. Timer RC, 19.5 Timer Mode (Output Compar e Function), 19.6 PWM Mode, 19.7 PWM 2

Mode for the details of timer RC and the output compare function (timer mode, PWM mode, and PWM2
mode).
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27.3.3.3 External Trigger

Thistrigger is selected when bits ADCAP1 to ADCAPO in the ADMOD register are set to 11b (external trigger
(ADTRG)).
To use this function, make sure the following conditions are met.

* Bits ADCAP1 to ADCAPO in the ADMOD register are set to 11b (external trigger (ADTRG)).

* Set the INTOEN bit in the INTEN register to 1 (INTO input enabled) and the INTOPL bit to O (one edge), and
set the POL bit inthe INTOIC register to 0 (falling edge selected).

* Set the PD4_5 hit in the PD4 register to 0 (input mode).
* Select the INTO digital filter by bits INTOF1 to INTOFO in the INTF register.
* The ADST hit in the ADCONO register is set to 1 (A/D conversion starts).

ThelR bit inthe INTOIC register isset to 1 (interrupt requested) in accordance with the setting of the POL bitin
the INTOIC register and the INTOPL bit in the INTEN register and a change in the ADTRG pin input (refer to
11.8 Noteson Interrupts).

For details on interrupts, refer to 11. Interrupts.

When the ADTRG pin input is changed from “H” to “L” under the above conditions, A/D conversion starts.

REJO9B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 454 of 573



R8C/32C Group 27. A/ID Converter

27.3.4 A/D Conversion Result

The A/D conversion result is stored in the ADi register (i = 0to 7). The register where the result is stored varies
depending on the A/D operating mode used. The contents of the ADi register are undefined after areset. Values
cannot be written to the ADi register.

In repeat mode 0, no interrupt request is generated. After the first AD conversion is completed, determine if the
A/D conversion time has elapsed by a program.

In one-shot mode, repeat mode 1, single sweep mode, and repeat sweep mode, an interrupt request is generated
at certain times, such as when an A/D conversion completes (the IR bit in the ADIC register is set to 1).
However, in repeat mode 1 and repeat sweep mode, A/D conversion continues after an interrupt request is
generated. Read the ADi register before the next A/D conversion is completed, since at completion the ADi
register is rewritten with the new value.

In one-shot mode and single sweep mode, when bits ADCAP1 to ADCAPO in the ADMOD register is set to
00b (software trigger), the ADST bit in the ADCONO register is used to determine whether the A/D conversion
or sweep has compl eted.

During an A/D conversion operation, if the ADST bit in the ADCONO register is set to O (A/D conversion
stops) by a program to forcibly terminate A/D conversion, the conversion result of the A/D converter is
undefined and no interrupt is generated. The value of the ADi register before A/D conversion may also be
undefined.

If the ADST hit is set to O by a program, do not use the value of al the ADi register.

27.3.5 Low Current Consumption Function

When the A/D converter is not used, power consumption can be reduced by setting the ADSTBY bit in the
ADCONL1 register to 0 (A/D operation stops (standby)) to shut off any analog circuit current flow.

To use the A/D converter, set the ADSTBY bit to 1 (A/D operation enabled) and wait for 1 AD cycle or more
before setting the ADST bit in the ADCONO register to 1 (A/D conversion starts). Do not write 1 to bits ADST
and ADSTBY at the sametime.

Also, do not set the ADSTBY bit to 0 (A/D operation stops (standby)) during A/D conversion.

27.3.6 Extended Analog Input Pins

In one-shot mode, repeat mode 0, and repeat mode 1, the on-chip reference voltage (OCVREF) can be used as
analog input.

Any variation in VREF can be confirmed using the on-chip reference voltage. Use the ADEXO bit in the
ADCONL1 register and the OCVREFAN bit in the OCVREFCR register to select the on-chip reference voltage.
The A/D conversion result of the on-chip reference voltage in one-shot mode or in repeat mode O is stored in the
ADO register.

27.3.7 A/D Open-Circuit Detection Assist Function

To suppress influences of the analog input voltage leakage from the previously converted channel during A/D
conversion operation, afunction is incorporated to fix the electric charge on the chopper amp capacitor to the
predetermined state (AV CC or GND) before starting conversion.

Thisfunction enables more reliable detection of an open circuit in the wiring connected to the analog input pins.
Figure 27.5 shows the A/D Open-Circuit Detection Example on AV CC Side (Precharge before Conversion
Selected) and Figure 27.6 shows the A/D Open-Circuit Detection Example on AVSS Side (Discharge before
Conversion Selected).
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External circuit
example ©

Precharge

ADDDAEN

Precharge
control signal

Discharge
control signal

Open

Note:

Analog input
ANi
} ' [
5) =810 11 —— | Chopper amp
capacitor

1. The conversion result for an open circuit varies with external circuits. Careful evaluation should be
performed before using this function.

Figure 27.5

Selected)

A/D Open-Circuit Detection Example on AVCC Side (Precharge before Conversion

Precharge
control signal

Note:

ON ;
Discharge
ADDDAEN !
External circuit |_ <= control signal
example @
________________ i Analog input .
> ANi Discharge
M N
a) i=8to 11 L [ I Chopper amp

capacitor

1. The conversion result for an open circuit varies with external circuits. Careful evaluation should be
performed before using this function.

Figure 27.6

Selected)

A/D Open-Circuit Detection Example on AVSS Side (Discharge before Conversion
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27.4 One-Shot Mode

In one-shot mode, the input voltage to one pin selected from among AN8 to AN11 or OCVREF is A/D converted
once.
Table 27.4 lists the One-Shot Mode Specifications.

Table 27.4  One-Shot Mode Specifications

ltem Specification
Function The input voltage to the pin selected by bits CH2 to CHO and bits
ADGSEL1 to ADGSELO in the ADINSEL register or the ADEXO bit in
the ADCONL register is A/D converted once.

Resolution 8 bits or 10 bits
A/D conversion start condition - Software trigger
» Timer RC

« External trigger
(Refer to 27.3.3 A/D Conversion Start Condition)

A/D conversion stop condition « A/D conversion completes (If bits ADCAP1 to ADCAPO in the
ADMOD register are set to 00b (software trigger), the ADST bit in the
ADCONO register is set to 0.)

» Set the ADST bit to O

Interrupt request generation When A/D conversion completes

timing

Analog input pin One pin selectable from among AN8 to AN11, or OCVREF.
Storage resister for A/D ADO register: AN8, OCVREF

conversion result AD1 register: AN9

AD2 register: AN10
AD3 register: AN11
Reading of result of A/D Read register ADO to AD3 corresponding to the selected pin.
converter
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27.5 Repeat Mode 0

In repeat mode O, the input voltage to one pin selected from among AN8 to AN11 or OCVREF is A/D converted
repeatedly.
Table 27.5 lists the Repeat Mode 0 Specifications.

Table 27.5  Repeat Mode 0 Specifications

ltem Specification
Function The input voltage to the pin selected by bits CH2 to CHO and bits
ADGSEL1 to ADGSELO in the ADINSEL register or the ADEXO bit in
the ADCONL register is A/D converted repeatedly.

Resolution 8 bits or 10 bits
A/D conversion start condition - Software trigger
» Timer RC

« External trigger
(Refer to 27.3.3 A/D Conversion Start Condition)

A/D conversion stop condition Set the ADST bit in the ADCONO register to 0

Interrupt request generation Not generated

timing

Analog input pin One pin selectable from among AN8 to AN11, or OCVREF.
Storage resister for A/D ADO register: AN8, OCVREF

conversion result AD1 register: AN9

AD2 register: AN10
AD3 register: AN11
Reading of result of A/D Read register ADO to AD3 corresponding to the selected pin.
converter
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27.6 Repeat Mode 1

In repeat mode 1, the input voltage to one pin selected from among AN8 to AN11 or OCVREF is A/D converted

repeatedly.

Table 27.6 lists the Repeat Mode 1 Specifications. Figure 27.7 shows the Operating Example of Repeat Mode 1.

Table 27.6  Repeat Mode 1 Specifications
Item Specification
Function The input voltage to the pin selected by bits CH2 to CHO and bits
ADGSEL1 to ADGSELO in the ADINSEL register or the ADEXO bit in the
ADCONL register is A/D converted repeatedly.
Resolution 8 bits or 10 bits

A/D conversion start condition

« Software trigger
» Timer RC
« External trigger
(Refer to 27.3.3 A/D Conversion Start Condition)

A/D conversion stop condition

Set the ADST bit in the ADCONO register to 0

Interrupt request generation
timing

When the A/D conversion result is stored in the AD7 register.

Analog input pin

One pin selectable from among AN8 to AN11, or OCVREF.

Storage resister for A/D
conversion result

ADO register: 1st A/D conversion result, 9th A/D conversion result...

AD1 register: 2nd A/D conversion result, 10th A/D conversion result...
AD2 register: 3rd A/D conversion result, 11th A/D conversion result...
AD3 register: 4th A/D conversion result, 12th A/D conversion result...
AD4 register: 5th A/D conversion result, 13th A/D conversion result...
ADS register: 6th A/D conversion result, 14th A/D conversion result...
ADG register: 7th A/D conversion result, 15th A/D conversion result...
ADY7 register: 8th A/D conversion result, 16th A/D conversion result...

Reading of result of A/D
converter

Read registers ADO to AD7
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ADST bit in
ADCONO register

Successive conversion

; :X 1st X 2nd X 3rd X 4th X 5th X 6th X 7th X 8th X 9th X
register — N \ N \ \ \ -~
N A) \, \ \ \ \ D N,
N Y \ 1 N,
A \\\ ‘\ \\\ ‘\‘ \\\ ‘\\ \\\; S
A} \ \
ADO register UndefinedXA \ \, 1st A/D conversion resulty ‘\\ \ X 9th A/D conversion result
[} 3 Y Iy [y \
1 \ \ \ \ \ HR
\ \ \ \ \ \
S S W W v
Al T 0y T T T M
AD1 register Undefined X \ \  2nd A/D conversion result \\‘
L \ \ \ )
T 1 v ] T T H
i \ \ \ Voo
L ] \ \ \ [ '
Y v T T + .
AD2 register Undefined X \ 3rd A/D conversion result !
: T T +— 4
\ \ 1 [ '
1 1 1 1 1 1
¥ ! - P
Al - ]
AD3 register Undefined X ': 4th A/D conversion result
H H I
t : T !
| ; P
% H L ! :
AD4 register Undefined X 5th A/D conversion result
‘ 1 1
A
1 (- '
¥ !
\j T t
AD5 register Undefined X 6th A/D conversion result
' s
— T
P
¥ ! H
. . v N .
ADG register Undefined X 7th A/D conversion result
. ;
Vo
[
Y
ADT7 register Undefined X 8th A/D conversion result
IR bit in
ADIC register

"" Set to 0 when interrupt

request is acknowledged,
or set by a program.

The above applies under the following conditions:

Figure 27.7

Bits ADCAP1 to ADCAPO in the ADMOD register are set to 00b (starts by software trigger).

Operating Example of Repeat Mode 1
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27.7 Single Sweep Mode

In single sweep mode, the input voltage to two or four pins selected from among AN8 to AN11 are A/D converted
once.

Table 27.7 lists the Single Sweep Mode Specifications. Figure 27.8 shows the Operating Example of Single Sweep
Mode.

Table 27.7  Single Sweep Mode Specifications

Item Specification
Function The input voltage to the pins selected by bits ADGSEL1 to ADGSELO and
the SCANO bit in the ADINSEL register is A/D converted once.
Resolution 8 bits or 10 bits
A/D conversion start condition | » Software trigger
* Timer RC

« External trigger
(Refer to 27.3.3 A/D Conversion Start Condition)

A/D conversion stop condition |« If two pins are selected, when A/D conversion of the two selected pins
completes (the ADST bit in the ADCONO register is set to 0).

« If four pins are selected, when A/D conversion of the four selected pins
completes (the ADST bit is set to 0).

* Set the ADST bit to 0.

Interrupt request generation |« If two pins are selected, when A/D conversion of the two selected pins

timing completes.
« If four pins are selected, when A/D conversion of the four selected pins
completes.
Analog input pin ANB8 to AN9(2 pins), AN8 to AN11(4 pins),
(Selectable by the SCANO bit and bits ADGSEL1 to ADGSELO.)
Storage resister for A/D ADO register: AN8
conversion result AD1 register: AN9

AD2 register: AN10
AD3 register: AN11
Reading of result of A/D Read the registers from ADO to AD3 corresponding to the selected pin.
converter
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ADST bit in
ADCONO register

Successive conversion :X ANS X ANS XANlOXAN“X
register - \ N \

\\ N \\ \‘

AY \ A

\ \ \
ADO register Undefinedx ‘\‘ ANB8 in A/D conversion result
T :‘
]
]

\ ! \
A | \ ‘\
' T 0
AD1 register Undefined X \ AN9 in A/D conversion result
L] \
T L]
Voo
v !
Al T
AD2 register Undefined X AN10 in A/D conversion result
T II
] ]
] ]
[ |
AD3 register Undefined X AN11 in A/D conversion result

”" Set to 0 when interrupt

. request is acknowledged,
IR bitin or set by a program.
ADIC register

The above applies under the following conditions:

o Bits ADCAP1 to ADCAPO in the ADMOD register are set to 00b
(starts by software trigger).

e The SCANO bit in the ADINSEL register are set to 1 (4 pins),
bits ADGSEL1 to ADGSELDO are set to 01b (AN8, AN9, AN10, AN11).

Figure 27.8  Operating Example of Single Sweep Mode

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 462 of 573



R8C/32C Group 27. A/ID Converter

27.8 Repeat Sweep Mode
In repeat sweep mode, the input voltage to two or four pins selected from among AN8 to AN11 are A/D converted
repeatedly.
Table 27.8 lists the Repeat Sweep Mode Specifications. Figure 27.9 shows the Operating Example of Repeat
Sweep Mode.

Table 27.8  Repeat Sweep Mode Specifications

Item Specification
Function The input voltage to the pins selected by bits ADGSEL1 to ADGSELO and
the SCANO bit in the ADINSEL register are A/D converted repeatedly.
Resolution 8 bits or 10 bits
A/D conversion start condition | » Software trigger
* Timer RC

« External trigger
(Refer to 27.3.3 A/D Conversion Start Condition)

A/D conversion stop condition | Set the ADST bit in the ADCONO register to 0
Interrupt request generation |« If two pins are selected, when A/D conversion of the two selected pins

timing completes.
« If four pins are selected, when A/D conversion of the four selected pins
completes.
Analog input pin ANB8 to AN9(2 pins), AN8 to AN11(4 pins),
(Selectable by the SCANO bit and bits ADGSEL1 to ADGSELO.)
Storage resister for A/D ADO register: AN8
conversion result AD1 register: AN9

AD2 register: AN10
AD3 register: AN11
Reading of result of A/D Read the registers from ADO to AD3 corresponding to the selected pin.
converter
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ADST bit in
ADCONO register

Successive conversion :X ANS X AN9 XANlO X ANllX ANS X AN9 XANlO X AN11 X ANS X
reglster ~ N N N ~. N \
~ < N Y ~ 0y v
\\ \\ \
\ \ \

! N N
\ \ N \
. \ A N \‘\ \\‘ i Y,
¢ v 5 v 5 : [‘—
ADO register UndefinedX ANS8 in A/D conversion result X‘ ANS in A/D conversion result ANB8 in A/D conversion result
M [} '. M 1 %
Voo i Voo n
L vy B N B
' T 0 ' T 0
AD1 register Undefined X ANQ9 in A/D conversion result X AN9 in A/D conversion result
L] 1 1 1
T % T —
[ Voo
vy ! v !
AD2 register Undefined X AN10 in A/D conversion result X AN10 in A/D conversion result
T II T I|
1 ) 1 1
] ) ] 1
Y [ |
AD3 register Undefined X ANL11 in A/D conversion result X AN11 in A/D conversion result

”‘ Set to 0 when interrupt "‘ Set to 0 when interrupt
IR bit request is acknowledged, request is acknowledged,
itin

or set by a program. or set by a program.
ADIC register

The above applies under the following conditions:

* Bits ADCAP1 to ADCAPO in the ADMOD register are set to 00b (starts by software trigger).
e The SCANO bit in the ADINSEL register are setto 1 (4 pins),
bits ADGSEL1 to ADGSELO are set to 01b (AN8, AN9, AN10, and AN11).

Figure 27.9 Operating Example of Repeat Sweep Mode
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27.9 Output Impedance of Sensor under A/D Conversion

To carry out A/D conversion properly, charging the internal capacitor C shown in Figure 27.10 has to be completed
within a specified period of time. T (sampling time) as the specified time. Let output impedance of sensor
equivalent circuit be RO, internal resistance of microcomputer be R, precision (error) of the A/D converter be X,
and the resolution of A/D converter be'Y (Y is 1024 in the 10-bit mode, and 256 in the 8-bit mode).

1
— e
+
VCisgenerally VC= VIN{l—e C(RO+R) }
- _ X _ X
Andwhent=T, VC = VIN—\—( VIN —VIN(l—\—()

1

I S N
e C(RO+R) _ X
Y
_;T: |n)_(
C(RO+R) Y
Hence, RO= - T -R
COIn)—<
Y

Figure 27.10 shows Analog Input Pin and External Sensor Equivalent Circuit. When the difference between VIN
and VC becomes 0.1L SB, we find impedance RO when voltage between pins VC changes from 0 to VIN-
(0./1024) VIN in time T. (0.1/1024) means that A/D precision drop due to insufficient capacitor charge is held to
0.1L SB at time of A/D conversion in the 10-bit mode. Actual error however is the value of absolute precision
added to 0.1LSB.

T = 0.75 ps when ¢AD = 20 MHz. Output impedance RO for sufficiently charging capacitor C within time T is
determined as follows.

T=0.75us,R=10kQ, C=6.0pF, X =0.1, and Y = 1024. Hence,
0.75x 10~°

6.0x102¢ In 0L
X * N 02a

RO= —10x10° ~ 35x10°

Thus, the allowable output impedance of the sensor equivalent circuit, making the precision (error) 0.1LSB or less,
is approximately 3.5 kQ. maximum.

MCU

Sensor equivalent
circuit

RO R (10 kQ)
AN

VW
Ve C (6.0 F)i
ol 0p
7 I e

/A

Figure 27.10 Analog Input Pin and External Sensor Equivalent Circuit
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27.10 Notes on A/D Converter

* Write to the ADMOD register, the ADINSEL register, the ADCONO register (other than ADST bit), the
ADCONL1 register, the OCVREFCR register when A/D conversion is stopped (before atrigger occurs).

* To usethe A/D converter in repeat mode O, repeat mode 1, or repeat sweep mode, select the frequency of the A/D
converter operating clock $AD or more for the CPU clock during A/D conversion.

Do not select fOCO-F as ¢AD.

* Connect 0.1 pF capacitor between the VREF pin and AV SS pin.

* Do not enter stop mode during A/D conversion.

* Do not enter wait mode during A/D conversion regardless of the state of the CMO02 bhit in the CMO register (1:
Peripheral function clock stopsin wait mode or 0: Peripheral function clock does not stop in wait mode).

* Do not set the FMSTP bit in the FMRO register to 1 (flash memory stops) or the FMR27 bit to 1 (low-current-
consumption read mode enabled) during A/D conversion. Otherwise, the A/D conversion result will be
undefined.

* Do not change the CKS2 bit in the ADMOD register while fOCO-F is stopped.

* During an A/D conversion operation, if the ADST bit in the ADCONO register is set to 0 (A/D conversion stops)
by a program to forcibly terminate A/D conversion, the conversion result of the A/D converter is undefined and
no interrupt is generated. The value of the ADi register before A/D conversion may also be undefined.

If the ADST bit is set to 0 by a program, do not use the value of all the ADi register.
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28. Comparator B

Comparator B compares a reference input voltage and an anal og input voltage. Comparator B1 and comparator B3 are
independent of each other.

28.1 Overview

The comparison result of the reference input voltage and analog input voltage can be read by software. An input to
the IVREFi (i = 1 or 3) pin can be used as the reference input voltage.

Table 28.1 lists the Comparator B Specifications, Figure 28.1 shows a Comparator B Block Diagram, and Table
28.2 liststhe 1/O Pins.

Table 28.1  Comparator B Specifications

Item Specification

Analog input voltage Input voltage to the IVCMPIi pin

Reference input voltage | Input voltage to the IVREFi pin

Comparison result Read from the INTICOUT bit in the INTCMP register

Interrupt request When the comparison result changes.

generation timing

Selectable functions « Digital filter function
Whether the digital filter is applied or not and the sampling frequency can
be selected.

i=lor3

INT3F1 to INT3FO
=01b

f1
fg = 10b '\ Sampling clock

32 =11b 4

Port direction regist

e INT3EN
INT3 INT3CPO =0 INT3F1 to INT3FO
o = other than 00b
Digital filter -0 INT3PL =0

To INT3 interrupt

—0 (3 times match)
IvemP3 O——® INT3CPO = 1
) INT3PL=1
IVREF3 O— _EI INT3COUT Both edge j
detection
circuit

—EI INTICOUT
IVeMPL O———# INT1EN To INTZ interrupt
WREF1 O——1 INTLCPO = 1 INT1F1 to INT1FO

——o0 Digital filter | = other than 00b

INT1PL =0

(3 times match) o
INTT O I: INTICPO =0

jINTlPL =1
Port direction register Both edge
INT1F1 to INT1FO diti?;tjli(t)n

£ =01b

fg =10b

32 =11b Sampling clock

INT1CPO, INTLICOUT, INT3CPO, INT3COUT: Bits in INTCMP register
INT1EN, INT1PL, INT3EN, INT3PL: Bits in INTEN register
INT1FO, INT1F1, INT3FO, INT3F1: Bits in INTF register

Figure 28.1 Comparator B Block Diagram
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Table 28.2 1/0 Pins

Pin Name I/O Function
IVCMP1 Input Comparator B1 analog pin

IVREF1 Input Comparator B1 reference voltage pin
IVCMP3 Input Comparator B3 analog pin

IVREF3 Input Comparator B3 reference voltage pin
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28.2 Registers

28.2.1 Comparator B Control Register (INTCMP)
Address 01F8h

Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol INT3COUT|  — [ — | INT3CPO [INTICOUT| — — INT1CPO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INT1ICPO |Comparator B1 operation enable bit [0: Comparator B1 operation disabled R/W
1: Comparator B1 operation enabled
bl — Reserved bits Set to 0. R/W
b2 —
b3 INTICOUT |Comparator B1 monitor flag 0: IVCMP1 < IVREF1 R
or comparator B1 operation disabled
1: IVCMP1 > IVREF1
b4 INT3CPO |Comparator B3 operation enable bit |0: Comparator B3 operation disabled R/W
1: Comparator B3 operation enabled
b5 — Reserved bits Set to 0. R/W
b6 —
b7 INT3COUT |[Comparator B3 monitor flag 0: IVCMP3 < IVREF3 R
or comparator B3 operation disabled
1: IVCMP3 > IVREF3

28.2.2 External Input Enable Register 0 (INTEN)
Address 01FAh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| INT3PL | INT3EN | — | — | INT1PL | INT1EN | INTOPL | INTOEN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 INTOEN [|NTO input enable bit 0: Disabled R/W
1: Enabled

bl | INTOPL \\NT0 input polarity select bit (1. 2 0: One edge RIW
1: Both edges

b2 INT1EN [INT1 input enable bit 0: Disabled R/W
1: Enabled

b3 | INTIPL iNT1 input polarity select bit (1. 2 0: One edge RIW
1: Both edges

b4 — Reserved bits Setto 0. R/W

b5 —

b6 INT3EN ||NT3 input enable bit 0: Disabled R/W
1: Enabled

b7 INTSPL |\NT3 input polarity select bit (1. 2) 0: One edge RIW
1: Both edges

Notes:
1. To set the INTIPL bit (i = 0, 1, 3) to 1 (both edges), set the POL bit in the INTIIC register to 0 (falling edge
selected).

2. The IR bitin the INTIIC register may be set to 1 (interrupt requested) if the INTEN registert is rewritten. Refer to
11.8.4 Changing Interrupt Sources.
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28.2.3 INT Input Filter Select Register 0 (INTF)
Address 01FCh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | INT3F1 | INT3FO | — | — | INT1F1 | INT1FO | INTOF1 | INTOFO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INTOFO ; ) i b1 b0 R/W
b NTOET INTO input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
b2 INT1FO i ) i b3 b2 R/W
Es NTIFT INT1 input filter select bit 0 0: No filter .
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
b4 — Reserved bits Setto 0. R/W
b5 —
b6 INT3FO ; ) : b7 b6 R/W
= NT3ET INT3 input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
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28.3 Functional Description

Comparator B1 and comparator B3 operate independently. Their operations are the same.
Table 28.3 lists the Procedure for Setting Registers Associated with Comparator B.

Table 28.3  Procedure for Setting Registers Associated with Comparator B

Step| Register | Bit | Setting Value
1 Select the function of pins IVCMPi and IVREFi. Refer to 7.5 Port Settings.
However, set registers and bits other than listed in step 2 and the following steps.

2 INTF Select whether to enable or disable the filter.
Select the sampling clock.

3 INTCMP INTICPO | 1 (operation enabled)

4 Wait for comparator stability time (100 pus max.)

5 INTEN INTIEN When using an interrupt: 1 (interrupt enabled)
INTiIPL When using an interrupt: Select the input polarity.

6 INTIIC ILVL2 to ILVLO |When using an interrupt: Select the interrupt priority level.
IR When using an interrupt: 0 (no interrupt requested: initialization)

i=lor3

Figure 28.2 shows an Operating Example of Comparator Bi (i = 1 or 3).

If the analog input voltage is higher than the reference input voltage, the INTICOUT bit in the INTCMP register is
set to 1. If the analog input voltage is lower than the reference input voltage, the INTICOUT bit isset to 0. To use
the comparator Bi interrupt, set the INTiEN bit in the INTEN register to 1 (interrupt enabled). If the comparison
result changes at this time, a comparator Bi interrupt request is generated. Refer to 28.4 Comparator B1 and
Comparator B3 Interruptsfor details of interrupts.

Analog input voltage (V)

Reference input voltage

INTICOUT bit in I
INTCMP register 4|
Set to 0 by a program.

]
]
! / i ¢
] ]
IR biti ,—| ,—|
INTIIC regiéttlsr:

The above applies when:

Bits INTiF1 to INTiFO in INTF register = 00b (no filter)
INTIPL bit in the INTEN register = 0 (both edges)

i=lor3

Figure 28.2 Operating Example of Comparator Bi (i =1 or 3)
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28.3.1 Comparator Bi Digital Filter (i =1 or 3)

Comparator Bi can use the same digital filter asthe INTi input. The sampling clock can be selected by bits
INTiF1 and INTiFO in the INTF register. The INTiCOUT signal output from comparator Bi is sampled every
sampling clock. When the level matches three times, the IR bit in the INTilC register is set to 1 (interrupt
reguested).

Figure 28.3 shows a Configuration of Comparator Bi Digital Filter, and Figure 28.4 shows an Operating
Example of Comparator Bi Digital Filter.

INTiF1 to INTIFO
f1 =01b

f8 M :Samphngclock
=11b
f32 INTIEN
NTE INTICPO =0 INTiF1 to INTiFO
Digital filter = other than 00b To INTT int t
. . . (match 3 times) O ° Hinterrup
Port direction register _ -
INTICPO = 1 —00b NTPL=0
INTICOUT IZotth e;ige L o
IVCMPi O— + ecifgu':n INTIPL =1
wreri (O—

i=lor3

INTICPO, INTICOUT: Bits in INTCMP register

INTIFO to INTiF1: Bits in INTF register

INTIEN, INTIPL: Bits in INTEN register

Figure 28.3 Configuration of Comparator Bi Digital Filter
INTICOUT signal
Sampling timing f ¢ ¢ f f * f ¢ * * ¢
1
1
1
IR bitin

INTIIC register

Set to 0 by a program.

Note:
1. The above applies when:
Bits INTiF1 to INTIFO in the INTIF register are set to 01b, 10b, or 11b (digital filter used).

i=lor3

Figure 28.4 Operating Example of Comparator Bi Digital Filter
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28.4 Comparator B1 and Comparator B3 Interrupts

Comparator B generates an interrupt request from two sources, comparator B1 and comparator B3. The comparator
Bi (i = 1 or 3) interrupt uses the same INTIIC register (bitsIR and ILVLOto ILVL2) asthe INTi (i=1or 3) and a
single vector.

To use the comparator Bi interrupt, set the INTIEN bit in the INTEN register to 1 (interrupt enabled). In addition,
the polarity can be selected by the INTiPL bit in the INTEN register and the POL bit in the INTilC register.

Inputs can also be passed through the digital filter with three different sampling clocks.
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29. Flash Memory

The flash memory can perform in the following three rewrite modes: CPU rewrite mode, standard serial 1/0 mode, and
paralel 1/0 mode.

29.1 Overview

Table 29.1 lists the Flash Memory Version Performance. (Refer to Table 1.1 and Table 1.2 R8C/32C Group
Specifications for items not listed in Table 29.1.)

Table 29.1  Flash Memory Version Performance

Item
Flash memory operating mode
Division of erase blocks
Programming method
Erasure method
Programming and erasure control method (1)
Rewrite control Blocks O to 2
method (Program ROM) )

Specification
3 modes (CPU rewrite, standard serial 1/0, and parallel 1/0O)
Refer to Figure 29.1.
Byte units
Block erase
Program and erase control by software commands

Rewrite protect control in block units by the lock bit

Blocks A, B, C, and D

Individual rewrite protect control on blocks A, B, C, and D

Number of commands

Programming and
erasure endurance (2)

(Data flash) by bits FMR14, FMR15, FMR16, and FMR17 in the FMR1 register
7 commands

Blocks 0 to 2 1,000 times

(Program ROM) (3)

Blocks A, B, C, and D 10,000 times

(Data flash)

ID code check function

Standard serial I/O mode supported

ROM code protection

Parallel I/0O mode supported

Notes:

1. To perform programming and erasure, use VCC = 2.7 V to 5.5 V as the supply voltage. Do not perform
programming and erasure at less than 2.7 V.

2. Definition of programming and erasure endurance
The programming and erasure endurance is defined on a per-block basis. If the programming and erasure
endurance is n (n = 1,000 or 10,000), each block can be erased n times. For example, if 1,024 1-byte writes are
performed to different addresses in block A, a 1-Kbyte block, and then the block is erased, the programming/
erasure endurance still stands at one. When performing 100 or more rewrites, the actual erase count can be
reduced by executing program operations in such a way that all blank areas are used before performing an
erase operation. Avoid rewriting only particular blocks and try to average out the programming and erasure
endurance of the blocks. It is also advisable to retain data on the erasure endurance of each block and limit the
number of erase operations to a certain number.

3. The number of blocks and block division vary with the MCU. Refer to Figure 29.1 R8C/32C Group Flash
Memory Block Diagram for details.

Table 29.2

Flash Memory
Rewrite Mode

Function

Flash Memory Rewrite Mode

CPU Rewrite Mode Standard Serial /0 Mode Parallel I/O Mode

User ROM area is rewritten
using a dedicated parallel

User ROM area is rewritten
using a dedicated serial
programmer. programmer.
User ROM User ROM

Standard boot program -

User ROM area is rewritten by
executing software commands
from the CPU.

User ROM
User program

Rewritable area
Rewrite programs
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29.2 Memory Map

The flash memory contains a user ROM area and a boot ROM area (reserved area).
Figure 29.1 show the R8C/32C Group Flash Memory Block Diagrams.

The user ROM area contains program ROM and data flash.
Program ROM: Flash memory mainly used for storing programs
Flash memory mainly used for storing datato be rewritten

Data flash:

The user ROM areais divided into several blocks. The user ROM area can be rewritten in CPU rewrite mode,
standard serial 1/0O mode, or parallel I/0 mode.
The rewrite control program (standard boot program) for standard serial 1/0 mode is stored in the boot ROM area
before shipment. The boot ROM areais allocated separately from the user ROM area.

ROM 4 KB product ROM 8 KB product ROM 16 KB product
03000h Block A: 1 Kbyte 03000h Block A: 1 Kbyte 03000h Block A: 1 Kbyte
Block B: 1 Kbyte Block B: 1 Kbyte Block B: 1 Kbyte
Data flash
Block C: 1 Kbyte Block C: 1 Kbyte Block C: 1 Kbyte
Block D: 1 Kbyte Block D: 1 Kbyte Block D: 1 Kbyte
O03FFEN WA 03FFFh 4 03FFFh 4
| 1
| 1 : : 1 1
| | I | I |
I 1 I I | |
| | | | | I
1 I I ] | |
1 I | 1 | |
1 1 | 1 | |
I | | | I 1
I | | 1 | |
I | | I | |
1 1 | | | |
1 1 | | 1 I
| | | | | |
1 1 : : | 1
1 1 | 1
1 1 | | 0CO000h
: : OE000h Block 2: 8 Kbytes
OEFFEh Block 2: 4 Kbytes
1 I 0EO0Oh . Program ROM
(%":}Z%%E[ Block 1: 2 Kbytes | QE900n Block 1: 2 Kbytes 0F000h Block 1: 4 Kbytes
OFFFFh[ Block 0: 2 Kbytes | SFFEE‘F’R Block 0: 2 Kbytes OFFFFh Block 0: 4 Kbytes
User ROM area User ROM area User ROM area
Figure 29.1 R8C/32C Group Flash Memory Block Diagram
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29.3 Functions to Prevent Flash Memory from being Rewritten

Standard serial 1/0 mode has an ID code check function, and paralel I/O mode hasa ROM code protect function to
prevent the flash memory from being read or rewritten easily.

29.3.1 ID Code Check Function

The ID code check function is used in standard serial 1/0 mode. Unless 3 bytes (addresses OFFFCh to OFFFEh)
of the reset vector are set to FFFFFFh, the ID codes sent from the serial programmer or the on-chip debugging
emulator and the 7-byte ID codes written in the flash memory are checked to see if they match. If the ID codes
do not match, the commands sent from the serial programmer or the on-chip debugging emulator are not
accepted. For details of the ID code check function, refer to 12. ID Code Areas.
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29.3.2 ROM Code Protect Function

The ROM protect function prevents the contents of the flash memory from being read, rewritten, or erased
using the OFS register in parallel 1/0 mode.
Refer to 13. Option Function Select Area for details of the option function select area.

The ROM code protect function is enabled by writing 1 to the ROMCR bit and writing 0 to the ROMCPL1 bit.
This prevents the contents of the on-chip flash memory from being read or rewritten.

Once ROM code protection is enabled, the content of the internal flash memory cannot be rewritten in parallel
1/0 mode. To disable ROM code protection, erase the block including the OFS register using CPU rewrite
mode or standard seria 1/0 mode.

29.3.3 Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR — WDTON
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | R/W
1: Watchdog timer is stopped after reset
bl — Reserved bit Setto 1. R/W
b2 ROMCR |ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled
b3 ROMCP1 |ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled
i i b5 b4
Eg xgzgtg Voltage detection 0 level select bit (2) 0.0: 3.80 V selected (Vdet0_3) gm
0 1: 2.85 V selected (Vdet0_2)
10: 2.35V selected (Vdet0_1)
11:1.90V selected (VdetO_0)
b6 LVDAS |Voltage detection O circuit start bit (3) |0: Voltage monitor 0 reset enabled after reset R/W
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protect mode enabled after reset | RIW
after reset select bit 1: Count source protect mode disabled after reset
Notes:
1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

2. The same level of the voltage detection 0 level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.

3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to 0 (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 13.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bitsVDSELO and VDSEL 1.
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29.4 CPU Rewrite Mode

In CPU rewrite mode, the user ROM area can be rewritten by executing software commands from the CPU.
Therefore, the user ROM area can be rewritten directly while the MCU is mounted on a board without using a
ROM programmer. Execute the software command only to blocksin the user ROM area.

The flash module has an erase-suspend function which halts the erase operation temporarily during an erase
operation in CPU rewrite mode. During erase-suspend, the flash memory can be read or programmed.

Erase-write 0 mode (EWO mode) and erase-write 1 mode (EW1 mode) are available in CPU rewrite mode.

Table 29.3 lists the Differences between EW0 Mode and EW1 Mode.

Table 29.3 Differences between EWO0 Mode and EW1 Mode
Iltem EWO0 Mode EW1 Mode
Operating mode Single-chip mode Single-chip mode

Rewrite control program
allocatable area

User ROM

User ROM

Rewrite control program
executable areas

RAM (The rewrite control program must
be transferred before being executed.)
However, the program can be executed
in the program ROM area when rewriting
the data flash area.

User ROM or RAM

Rewritable area

User ROM

User ROM
However, blocks which contain the
rewrite control program are excluded.

Software command
restrictions

Program and block erase commands
Cannot be executed to any block which
contains the rewrite control program.

Mode after programming or
block erasure or after
entering erase-suspend

Read array mode

Read array mode

CPU state during
programming and
block erasure

The CPU operates.

» The CPU operates while the data flash
area is being programmed or block
erased.

» The CPU is put in a hold state while the
program ROM area is being programmed
or block erased. (I/O ports retain the state
before the command execution).

Flash memory
status detection

Read bits FST7, FMT5, and FMT4 in
the FST register by a program.

Read bits FST7, FMT5, and FMT4 in
the FST register by a program.

Conditions for entering
erase-suspend

* Set bits FMR20 and FMR21 in the
FMR2 register to 1 by a program.

* Set bits FMR20 and FMR22 in the
FMR2 register to 1 and the enabled
maskable interrupt is generated.

* Set bits FMR20 and FMR21 in the FMR2
register to 1 by a program (while rewriting
the data flash area).

* Set bits FMR20 and FMR22 in the FMR2
register to 1 and the enabled maskable
interrupt is generated.

CPU clock

Max. 20 MHz

Max. 20 MHz
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Address 01B2h

Flash Memory Status Register (FST)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | FST7 | FST6 | FST5 | FST4 | — | LBDATA | BSYAEI | RDYSTI

After Reset 1 0 0 0 0 X 0 0

Bit Symbol Bit Name Function R/W

b0 RDYSTI |Flash ready status interrupt request  |0: No flash ready status interrupt request R/W

flag (1. 4) 1: Flash ready status interrupt request
bl BSYAEI |Flash access error interrupt request  |0: No flash access error interrupt request R/W
flag 2 4 1: Flash access error interrupt request

b2 | LBDATA |LBDATA monitor flag 0: Locked R
1: Not locked

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 FST4  |Program error flag (3 0: No program error R
1: Program error

b5 FST5 |Erase error/blank check error flag 3) |0: No erase error/blank check error R
1: Erase error/blank check error

b6 FST6 |Erase-suspend status flag 0: Other than erase-suspend R
1: During erase-suspend

b7 FST7 |Ready/busy status flag 0: Busy R
1: Ready

Notes:
1. The RDYSTI bit cannot be set to 1 (flash ready status interrupt request) by a program.

2.
3.
4.

The BSYAEI bit cannot be set to 1 (flash access error interrupt request) by a program.
This bit is also set to 1 (error) when a command error occurs.
When this bit is set to 1, do not set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled).

RDYSTI Bit (Flash Ready Status Flag Interrupt Request Flag)

When the RDY STIE bit in the FMRO register is set to 1 (flash ready status interrupt enabled) and auto-
programming or auto-erasure completes, or erase-suspend mode is entered, the RDY STI bit is set to 1 (flash
ready status interrupt request).
During interrupt handling, set the RDY ST hit to O (no flash ready status interrupt request).

[Condition for setting to 0]
Set to 0 by an interrupt handling program.
[Condition for setting to 1]
When the flash memory status changes from busy to ready while the RDY STIE bit in the FRMRO register is set
to 1, the RDYSTI bitisset to 1.
The status is changed from busy to ready in the following states:

* Completion of erasing/programming the flash memory
* Suspend acknowledgement

* Completion of forcible termination

* Completion of the lock bit program

* Completion of the read lock bit status
* Completion of the block blank check
* When the flash memory can be read after it has been stopped.

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 479 of 573



R8C/32C Group 29. Flash Memory

BSYAEI Bit (Flash Access Error Interrupt Request Flag)

The BY SAEI hit isset to 1 (flash access error interrupt request) when the BSY AEIE bit in the FMRO register is
set to 1 (flash access error interrupt enabled) and the block during auto-programming/auto-erasure is accessed.
Thisbitisalso setto 1 if an erase or program error occurs when the CMDERIE bit in the FMRO register is set to
1 (erase/write error interrupt enabled).

During interrupt handling, set the BSY AEI bit to 0 (no flash access error interrupt request).

[Conditions for setting to O]

(1) Set to 0 by an interrupt handling program.

(2) Execute the clear status register command.

[Conditions for setting to 1]

(1) Read or write the areathat is being erased/written when the BSY AEIE bit in the FRMRO register isset to 1
and while the flash memory is busy.
Or, read the data flash area while erasing/writing to the program ROM area. (Note that the read value is
undefined in both cases. Writing has no effect.)

(2) If acommand sequence error, erase error, blank check error, or program error occurs when the CMDERIE
bit in the FMRO register is set to 1 (erase/write error interrupt enabled).

LBDATA Bit (LBDATA Monitor Flag)

Thisis aread-only bit indicating the lock bit status. To confirm the lock bit status, execute the read lock bit
status command and read the LBDATA bit after the FST7 bit is set to 1 (ready).

The condition for updating this bit is when the program, erase, read lock bit status commands are generated.
When the read lock bit status command is input, the FST7 bit is set to 0 (busy). At the time when the FST7 bit
isset to 1 (ready), the lock bit statusis stored in the LBDATA bit. The datain the LBDATA bit is retained until
the next command isinput.

FST4 Bit (Program Error Flag)

Thisis aread-only bit indicating the auto-programming status. The bit is set to 1 if a program error occurs,
otherwise, it is set to 0. For details, refer to the description in 29.4.12 Full Status Check.

FSTS5 Bit (Erase Error/Blank Check Error Flag)

Thisisaread-only bit indicating the status of auto-programming or the block blank check command. The bit is
setto 1if an erase error or blank check error occurs; otherwise, it isset to 0. Refer to 29.4.12 Full Status Check
for details.

FST6 Bit (Erase Suspend Status Flag)

Thisis aread-only bit indicating the suspend status. The bit is set to 1 when an erase-suspend request is
acknowledged and a suspend status is entered; otherwise, itisset to 0.

FST7 Bit (Ready/Busy Status Flag)
When the FST7 bit is set to 0 (busy), the flash memory isin one of the following states:
* During programming
* During erasure
* During the lock bit program
* During the read lock bit status
* During the block blank check
* During forced stop operation
* The flash memory is being stopped

* The flash memory is being activated
Otherwise, the FST7 bit is set to 1 (ready).
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29.4.2 Flash Memory Control Register 0 (FMRO)
Address 01B4h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | RDYSTIE| BSYAEIE |CMDERIE| CMDRST| FMSTP | FMR02 | FMRO1 —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bit Set to 0. R/W
bl FMRO1 |[CPU rewrite mode select bit (1. 4) 0: CPU rewrite mode disabled R/W
1: CPU rewrite mode enabled
b2 FMRO2 |EW1 mode select bit (1) 0: EWO0 mode R/W
1: EW1 mode
b3 FMSTP |Flash memory stop bit (2) 0: Flash memory operates R/W
1: Flash memory stops

(Low-power consumption state, flash memory
initialization)

b4 | CMDRST |Erase/write sequence reset bit (3) When the CMDRST bit is set to 1, the erase/write | R/IW
sequence is reset and erasure/writing can be

forcibly stopped.
When read, the content is 0.

b5 | CMDERIE |Erase/write error interrupt enable bit |0: Erase/write error interrupt disabled R/W
1: Erase/write error interrupt enabled

b6 BSYAEIE [Flash access error interrupt enable bit {0: Flash access error interrupt disabled R/W
1: Flash access error interrupt enabled

b7 RDYSTIE |Flash ready status interrupt enable bit |0: Flash ready status interrupt disabled R/W
1: Flash ready status interrupt enabled

Notes:
1. To set this bit to 1, first write 0 and then 1 immediately. Disable interrupts and DTC activation between writing O
and writing 1.

2. Write to the FMSTP bit by a program transferred to the RAM. The FMSTP bit is enabled when the FMROL bit is
set to 1 (CPU rewrite mode enabled). To set the FMSTP bit to 1 (flash memory stops), set it when the FST7 bit in
the FST register is set to 1 (ready).

3. The CMDRST bit is enabled when the FMRO1 bit is set to 1 (CPU rewrite mode enabled) and the FST7 bit in the
FST register is set to 0 (busy).

4. To set the FMRO1 bit to 0 (CPU rewrite mode disabled), set it when the RDYSTI bit in the FST register is set to 0
(no flash ready status interrupt request) and the BSYAEI bit is set to 0 (no flash access error interrupt request).

FMRO1 Bit (CPU Rewrite Mode Select Bit)

When the FMRO1 bit is set to 1 (CPU rewrite mode enabled), the MCU is made ready to accept software
commands.

FMRO2 Bit (EW1 Mode Select Bit)
When the FMRO2 bit is set to 1 (EW1 mode), EW1 mode is selected.
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FMSTP Bit (Flash Memory Stop Bit)

This bit is used to initialize the flash memory control circuits, and also to reduce the amount of current
consumed by the flash memory. Access to the flash memory is disabled by setting the FMSTP bit to 1.

Write to the FMSTP bit by a program transferred to the RAM.

To reduce the power consumption further in high-speed on-chip oscillator mode, low-speed on-chip oscillator
mode (XIN clock stopped), and low-speed clock mode (XIN clock stopped), set the FMSTP bit to 1. Refer to
30.2.10 Stopping Flash Memory for details.

When entering stop mode or wait mode while CPU rewrite mode is disabled, the FMRO register does not need
to be set because the power for the flash memory is automatically turned off and is turned back on when exiting
stop or wait mode.

When the FMSTP bit is set to 1 (including during the busy status (the period while the FST7 bit is 0)
immediately after the FMSTP bit is changed from 1 to 0), do not set to low-current-consumption read mode at
the sametime.

FMSTP bit i
i
FST7 bit 0 (busy) ' 1 (ready)
) i 1 Low-current-consumption
Do not set to low-current-consumption reqd mode. Y read mode enabled

P
! '

Figure 29.2  Transition to Low-Current-Consumption Read Mode

CMDRST Bit (Erase/Write Sequence Reset Bit)

This bit is used to initialize the flash memory sequence and forcibly stop a program or erase command. The
program ROM area can be read when resetting the sequence of programming/erasing the data flash area.

If the program or erase command is forcibly stopped using the CMDRST bit in the FM RO register, execute the
clear status command after the FST7 bit in the FST register is changed to 1 (ready). To program to the same
address again, execute the block erase command again and ensure it has been completed normally before
programming. If the addresses and blocks which the program or block erase command is forcibly stopped are
alocated in the program area, set the FMR13 bit in the FMRL1 register to 1 (lock bit disabled) before executing
the block erasure command again.

When the CMDRST bhit is set to 1 (erasure/writing stopped) during erase-suspend, the suspend statusis also
initialized. Thus execute block erasure again to the block which the block erasure is being suspended.

When td(CMDRST-READY) has elapsed after the CMDRST bit is set to 1 (erasure/writing stopped), the
executing command is forcibly terminated and reading from the flash memory is enabled.

CMDERIE Bit (Erase/Write Error Interrupt Enable Bit)

This bit enables an flash command error interrupt to be generated if the following errors occur:
* Program error

* Block erase error

* Command sequence error

* Block blank check error

If the CMDERIE bit is set to 1 (erase/write error interrupt enabled), an interrupt is generated if the above errors
occur.

If aflash command error interrupt is generated, execute the clear status register command during interrupt
handling.

BSYAEIE Bit (Flash Access Error Interrupt Enable Bit)
This bit enables a flash access error interrupt to be generated if the flash memory during rewriting is accessed.

RDYSTIE Bit (Flash Ready Status Interrupt Enable Bit)

This bit enables a flash ready status error interrupt to be generated when the status of the flash memory
seguence changes from the busy to ready status.
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29.4.3 Flash Memory Control Register 1 (FMR1)
Address 01B5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | FMR17 | FMR16 | FMR15 | FMR14 | FMR13 | FMR12 | FMR11 | FMR10
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 FMR10 [Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl FMR11
b2 FMR12
b3 FMR13 |Lock bit disable select bit () 0: Lock bit enabled R/W
1: Lock bit disabled
b4 FMR14 |Data flash block A rewrite 0: Rewrite enabled (software command acceptable) R/W
disable bit (2. 3) 1: Rewrite disabled (software command not acceptable,
no error occurred)
b5 FMR15 |Data flash block B rewrite 0: Rewrite enabled (software command acceptable) R/W
disable bit (2. 3) 1: Rewrite disabled (software command not acceptable,
no error occurred)
b6 FMR16 |Data flash block C rewrite 0: Rewrite enabled (software command acceptable) R/W
disable bit (2. 3) 1: Rewrite disabled (software command not acceptable,
no error occurred)
b7 FMR17 |Data flash block D rewrite 0: Rewrite enabled (software command acceptable) R/W
disable bit (2. 3) 1: Rewrite disabled (software command not acceptable,
no error occurred)
Notes:

1.

2.

3.

To set the FMR13 bit to 1, first write 0 and then 1 immediately. Disable interrupts and DTC activation between

writing O and writing 1.

To set this bit to 0O, first write 1 and then 0 immediately. Disable interrupts and DTC activation between writing 1

and writing O.

This bit is set to 0 when the FMRO1 bit in the FMRO register is set to 0 (CPU rewrite mode disabled).

FMR13 Bit (Lock Bit Disable Select Bit)

When the FMR13 hit is set to 1 (lock bit disabled), the lock bit is disabled. When the FMR13 bit is set to 0, the
lock bit is enabled. Refer to 29.4.10 Data Protect Function for the details of the lock hit.
The FMR13 bit enables the lock bit function only and the lock bit data does not change. However, when a block
erase command is executed while the FMR13 bit is set to 1, the lock bit data set to 0 (locked) changesto 1 (not

locked) after erasure compl etes.

[Conditions for setting to O]
The FMR13 bit is set to 0 when one of the following conditions is met.

» Completion of the program command

* Completion of the erase command

* Generation of acommand sequence error
* Transition to erase-suspend

¢ If the FMRO1 bit in the FMRO register is set to 0 (CPU rewrite mode disabled).

¢ If the FMSTP bit in the FMRO register is set to 1 (flash memory stops).

¢ If the CMDRST hit in the FMRO register is set to 1 (erasure/writing stopped).
[Condition for setting to 1]
Set to 1 by aprogram.
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FMR14 Bit (Data Flash Block A Rewrite Disable Bit)
When the FMR 14 hit is set to 0, data flash block A accepts program and block erase commands.

FMR15 Bit (Data Flash Block B Rewrite Disable Bit)
When the FMR 15 hit is set to 0, data flash block B accepts program and block erase commands.

FMR16 Bit (Data Flash Block C Rewrite Disable Bit)
When the FMR 16 bit is set to 0, data flash block C accepts program and block erase commands.

FMR17 Bit (Data Flash Block D Rewrite Disable Bit)
When the FMR 17 hit is set to 0, data flash block D accepts program and block erase commands.
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29.4.4 Flash Memory Control Register 2 (FMR2)
Address 01B6h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | FMR27 | — | — | — | — | FMR22 | FMR21 | FMR20
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FMR20 |Erase-suspend enable bit (1) 0: Erase-suspend disabled R/IW
1: Erase-suspend enabled
bl FMR21 |Erase-suspend request bit (2) 0: Erase restart R/W
1: Erase-suspend request
b2 FMR22 |Interrupt request suspend 0: Erase-suspend request disabled by interrupt request | R/W
request enable bit (1) 1: Erase-suspend request enabled by interrupt request
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 — Reserved bits Setto 0. R/W
b5 — R/W
b6 — R/W
b7 FMR27 |Low-current-consumption 0: Low-current-consumption read mode disabled R/W
read mode enable bit (1. 3) 1: Low-current-consumption read mode enabled
Notes:
1. To set this bit to 1, first write 0 and then 1 immediately. Disable interrupts and DTC activation between writing O
and writing 1.

2. To set the FMR21 bhit to O (erase restart), set it when the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite
mode enabled).

3. Setthe FMR27 bit to 1 after setting either of the following:
» Set the CPU clock to the low-speed on-chip oscillator clock divided by 4, 8, or 16.
» Set the CPU clock to the XCIN clock divided by 1 (no division), 2, 4, or 8.
Enter wait mode or stop mode after setting the FMR27 bit to 0 (low-current-consumption read mode disabled).
Do not enter wait mode or stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

FMR20 Bit (Erase-Suspend Enable Bit)
When the FMR20 bit is set to 1 (enabled), the erase-suspend function is enabl ed.

FMR21 Bit (Erase-Suspend Request Bit)

When the FMR21 hit is set to 1, erase-suspend mode is entered. If the FMR22 bit is set to 1 (erase-suspend
reguest enabled by interrupt request), the FMR21 bit is automatically set to 1 (erase-suspend request) when an
interrupt request for the enabled interrupt is generated, and erase-suspend mode is entered. To restart auto-
erasure, set the FMR21 hit to O (erase restart).

[Condition for setting to O]

Set to 0 by a program.

[Conditions for setting to 1]

* When the FMR22 bit is set to 1 (erase-suspend request enabled by interrupt request) at the time an interrupt is
generated.

* Set to 1 by aprogram.
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FMR22 Bit (Interrupt Request Suspend-Request Enable Bit)

When the FMR 22 bit is set to 1 (erase-suspend request enabled by interrupt request), the FMR21 bit is
automatically set to 1 (erase-suspend request) at the time an interrupt request is generated during auto-erasure.
Set the FMR22 bit to 1 when using erase-suspend while rewriting the user ROM areain EW1 mode.

FMR27 Bit (Low-Current-Consumption Read Mode Enable Bit)

When the FMR 27 bit is set to 1 (low-current-consumption read mode enabled) in low-speed clock mode (XIN
clock stopped) or low-speed on-chip oscillator mode (XIN clock stopped), power consumption when reading
the flash memory can be reduced. Refer to 30.2.11 L ow-Current-Consumption Read M ode for details.

L ow-current-consumption read mode can be used when the CPU clock is set to either of the following:

* The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

* The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is
3 kHz or below. After setting the divide ratio of the CPU clock, set the FMR27 bit to 1.

Enter wait mode or stop mode after setting the FMR27 bit to O (low-current-consumption read mode disabled).
Do not enter wait mode or stop mode while the FMR27 bit is 1 (Ilow-current-consumption read mode enabled).

When the FMR27 bit is set to 1 (low-current-consumption read mode enabled), do not execute the program,
block erase, or lock bit program command. To change the FMSTP bit from 1 (flash memory stops) to 0 (flash
memory operates), make the setting when the FMR27 bit is set to O (low-current-consumption read mode
disabled).
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29.45 EWO Mode

When the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite mode enabled), the MCU enters CPU
rewrite mode and software commands can be accepted. At this time, the FMRO2 bit in the FM RO register is set
to 0 so that EWO mode is selected.

Software commands are used to control program and erase operations. The FST register can be used to confirm
whether programming or erasure has completed.

To enter erase-suspend during auto-erasure, set the FMR20 bit to 1 (erase-suspend enabled) and the FMR21 hit
to 1 (erase-suspend request). Next, verify the FST7 bit in the FST register is set to 1 (ready), then verify the
FST6 hit is set to 1 (during erase-suspend) before accessing the flash memory. When the FST6 bit is set to O,
erasure compl etes.

When the FMR21 bit in the FMR2 register is set to O (erase restart), auto-erasure restarts. To confirm whether
auto-erasure has restarted, verify the FST7 bit in the FST register is set to 0, then verify the FST6 bit is set to O
(other than erase-suspend).

29.4.6 EW1 Mode

After the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite mode enabled), EW1 mode is selected by
setting the FMRO2 bit is set to 1.

The FST register can be used to confirm whether programming and erasure has completed.

To enable the erase-suspend function during auto-erasure, execute the block erase command after setting the
FMR20 bit in the FMR2 register to 1 (suspend enabled). To enter erase-suspend while auto-erasing the user
ROM area, set the FMR22 hit in the FMR2 register to 1 (erase-suspend request enabled by interrupt request).
Also, the interrupt to enter erase-suspend must be enabled beforehand.

When an interrupt request is generated, the FMR21 bit in the FMR2 register is automatically set to 1 (erase-
suspend request) and auto-erasure suspends after td(SR-SUS). After interrupt handling completes, set the
FMR21 hit to O (erase restart) to restart auto-erasure.
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29.4.7 Suspend Operation

The suspend function halts the auto-erase operation temporarily during auto-erasure.

When auto-erasure is suspended, the next operation can be executed. (Refer to Table 29.4 Executable

Operation during Suspend.)

* When suspending the auto-erasure of any block in data flash, auto-programming and reading another block
can be executed.

* When suspending the auto-erasure of data flash, auto-programming and reading program ROM can be
executed.

* When suspending the auto-erasure of any block in program ROM, auto-programming and reading another
block can be executed.

* When suspending the auto-erasure of program ROM, auto-programming and reading data flash can be
executed.

* To check the suspend, verify the FST7 bit is set to 1 (ready), then verify the FST6 bit is set to 1 (during erase-
suspend) to confirm whether erasure has been suspended. When the FST6 bit is set to O (other than erase
suspend), erasure compl etes.

Figure 29.3 shows the Suspend Operation Timing.

Table 29.4  Executable Operation during Suspend

Operation during Suspend

Data flash Data flash Program ROM Program ROM
(Block during erasure |(Block during no erasure | (Block during erasure |(Block during no erasure
execution before execution before execution before execution before
entering suspend) entering suspend) entering suspend) entering suspend)
Erase | Program | Read | Erase |Program| Read | Erase | Program| Read | Erase | Program | Read
areasduring |Data | | 5 | p | p | E | E|[NA|NA|NA| D | E [E®
erasure flash

execution before |program

entering suspend | ROM N/A| NA |NA| D E E D D D D E E

Notes:

1. E indicates operation is enabled by using the suspend function, D indicates operation is disabled, and N/A
indicates no combination is available.

2. Operation cannot be suspended during programming.

3. The block erase command can be executed for erasure. The program, lock bit program, and read lock bit status
commands can be executed for programming.
The clear status register command can be executed when the FST7 bit in the FST register is set to 1 (ready).
The operation of block blank check is disabled during suspend.

4. The MCU enters read array mode immediately after entering erase-suspend.
5. The program ROM area can be read with the BGO function while programming or block erasing data flash.
| : ] 1 ] ] 1 ] ]
EI Suspend Data | Suspend P Suspend E
Data flash Irase (readable) { read | (readable) rogram (readable) rase
4 I 1 A
| | | |
y
Program User [Command| User Fljlthl User Flﬁzr:ﬁ?y Covmmand User Flﬁf{g:ﬁssy Flj;tm User Flianfleqr:s;?y User
ROM | Program | issue | program | | iTee program handling issue program - diing | bitto 0| P9 | handiing program
| | I | | I |
| b 1 | 1 [ 1 1
FMR21 bit in 5 ! HE ! 1 !
FMR2 register | : td(SR-SUS) 1 : : : : : :
I | I 1 1 | | | |
FST7 bitin 1 [ 1 1
FST register I T 1 | | I r
EST6 bit in : : 1is set automaticall)\\ —f_}l is set autgmatically! Lis set autlomalicall 3 :
FST register T ! 3 : : : ' Y
RDYSTI bit in | i o [ ]
FST register T T T T T 1 T
1 | | T I | | I T | | T
Set to 0 by a program. Set to 0 by a program. Set to 0 by a program.

Figure 29.3 Suspend Operation Timing
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29.4.8 How to Set and Exit Each Mode

Figure 29.4 shows How to Set and Exit EWO Mode and Figure 29.5 shows How to Set and Exit EW0 Mode
(When Rewriting Data Flash) and EW1 Mode.

EWO0 Mode Execution Procedure
(When Rewriting User ROM)

— Rewrite control program

A
After writing 0 to the FMRO1 bit,
write 1 (CPU rewrite mode enabled) @

| !

Transfer the rewrite mode program that uses | | Execute software commands | |
CPU rewrite mode to the RAM ¢

y Write O (CPU rewrite mode disabled) to
Jump to the rewrite control program transferred the FMRO1 bit
to the RAM
(The subsequent process is executed by the
rewrite control program in the RAM)
Jump to the specified address in the flash memory

FMRO1: Bit in FMRO register

Note:

To set the FMROL1 bit to 1, first write 0 and then 1 immediately. Disable interrupts and DTC activation between writing 0 and writing 1.
Writing to the FMRO1 bit must be performed in the RAM.

Figure 29.4 How to Set and Exit EW0 Mode

EWO0 Mode Execution Procedure (When Rewriting Data Flash)
EW1 Mode Execution Procedure

Program in ROM

v

After writing O to the FMRO1 bit,
write 1 (CPU rewrite mode enabled) ®

v

After writing 0 to the FMRO02 bit,
write 1 (EW1 mode) @

y

| | Execute software commands | |

y

Write O (CPU rewrite mode disabled) to
the FMROL1 bit
Notes:

1. To set the FMROL1 bit to 1, first write 0 and then 1 immediately.
Disable interrupts and DTC activation between writing 0 and writing 1.
2. Not required when rewriting the data flash in EW0 mode.

FMRO1, FMRO2: Bits in FMRO register

Figure 29.5 How to Set and Exit EW0 Mode (When Rewriting Data Flash) and EW1 Mode
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29.4.9 BGO (BackGround Operation) Function

When the program ROM area is specified while a program or block erase operation to the data flash, array data
can be read. This eliminates the need for writing software commands. Access time is the same as for normal
read operations.

Any other block of the data flash cannot read during a program or block erase operation to the data flash.
Figure 29.6 shows the BGO Function.

Time

Data flash — Erase/program

Program ROM —— Read [{ Read [ Read [ Read [—

Figure 29.6 BGO Function
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29.4.10 Data Protect Function

Each block in the flash memory has a nonvolatile lock bit. The lock bit is enabled by setting the FMR13 bit in
the FMR1 register is set to 0 (lock bit enabled). The lock bit can be used to disable (lock) programming or
erasing each block. This prevents data from being written or erased inadvertently. A block status changes
according to the lock bit as follows:

* When the lock bit dataiis set to O: locked (the block cannot be programmed or erased)
* When the lock bit datais set to 1: not locked (the block can be programmed and erased)

The lock bit datais set to O (locked) by executing the lock bit program command and to 1 (not locked) by
erasing the block. No commands can be used to set only the lock bit datato 1.
Thelock bit data can be read using the read lock bit status command.

When the FMR13 hit is set to 1 (lock bit disabled), the lock bit function isdisabled and al blocks are not locked
(each lock bit data remains unchanged). The lock bit function is enabled by setting the FMR13 bit to O (the lock
bit dataisretained).

When the block erase command is executed while the FMR13 bit is set to 1, the target block is erased regardless
of thelock hit status. The lock bit of the erase target block is set to 1 after auto-erasure completes.

Refer to 29.4.11 Software Commands for the details of individual commands.

The FMR13 bit is set to 0 after auto-erasure completes. Thisbit isalso set to 0 if one of the following conditions
ismet. To erase or program a different locked block, set the FMR 13 bit to 1 again and execute the block erase
or program command.

¢ If the FST7 bit in the FST register is changed from 0 (busy) to 1 (ready).

* |f acommand sequence error occurs.

* |If the FMROL bit in the FMRO register is set to 0 (CPU mode disabled).

¢ If the FMSTP hit in the FMO register is set to 1 (flash memory stops).

¢ If the CMDRST bit in the FMRO register is set to 1 (erasure/writing stopped).

Figure 29.7 shows the FMR13 Bit Operation Timing.

Erase start Erase completion

Operation | Erase |

FST7 bit
(Ready/busy status flag)

0 is set at the rising edge of the FST7 bit.

FMR13 bit
(Lock bit disable select bit) ——————

Set to 1 by a program. Lock bit enabled

FST7: Bit in FST register
FMR13: Bit in FMR1 register

Figure 29.7 FMR13 Bit Operation Timing

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 491 of 573



R8C/32C Group 29. Flash Memory

29.4.11 Software Commands

The software commands are described below. Read or write commands and data in 8-bit units.
Do not input any command other than those listed in the table below.

Table 29.5 Software Commands

Command First Bus Cycle Second Bus Cycle

Mode Address Data Mode Address Data
Read array Write x FFh
Clear status register Write X 50h
Program Write WA 40h Write WA wD
Block erase Write X 20h Write BA DOh
Lock bit program Write BT 77h Write BT DOh
Read lock bit status Write X 71h Write BT DOh
Block blank check Write X 25h Write BA DOh

WA: Write address

WD: Write data

BA: Any block address

BT: Starting block address

x:  Any address in the user ROM area

29.4.11.1 Read Array Command

Theread array command is used to read the flash memory.

When FFh is written in the first bus cycle, the MCU enters read array mode. When the read address is input in
the following bus cycles, the content of the specified address can be read in 8-bit units.

Since read array mode remains until another command is written, the contents of multiple addresses can be read
continuously.

In addition, after areset, the MCU enters read array mode after programming or block erasure or after entering
erase-suspend.

29.4.11.2 Clear Status Register Command

The clear status register command is used to set bits FST4 and FST5 in the FST register to 0.
When 50h iswritten in the first bus cycle, bits FST4 and FST5 in the FST register are set to 0.
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29.4.11.3 Program Command

The program command is used to write data to the flash memory in 1-byte units.

When 40h is written in the first bus cycle and data is written in the second bus cycle to the write address, auto-
programming (data program and verify operation) starts. Make sure the address value specified in the first bus
cycleis the same address as the write address specified in the second bus cycle.

The FST7 bit in the FST register can be used to confirm whether auto-programming has completed. The FST7
bit is set to 0 during auto-programming and is set to 1 when auto-programming compl etes.

After auto-programming has completed, the auto-program result can be confirmed by the FST4 bit in the FST
register (refer to 29.4.12 Full Status Check).

Do not write additions to the already programmed addresses.

The program command targeting each block in the program ROM can be disabled using the lock bit.
The following commands are not accepted under the following conditions:

* Block erase commands targeting data flash block A when the FMR14 bit in the FMR1 register is set to 1
(rewrite disabled).

* Block erase commands targeting data flash block B when the FMR15 bit is set to 1 (rewrite disabled).
* Block erase commands targeting data flash block C when the FMR16 bit is set to 1 (rewrite disabled).
* Block erase commands targeting data flash block D when the FMR17 bit is set to 1 (rewrite disabled).

Figure 29.8 shows a Program Flowchart (Flash Ready Status Interrupt Disabled) and Figure 29.9 shows a
Program Flowchart (Flash Ready Status Interrupt Enabled).

In EW1 mode, do not execute this command to any address where a rewrite control program is allocated.
When the RDY STIE bit in the FMRO register is set to 1 (flash ready status interrupt enabled), a flash ready

status interrupt can be generated upon completion of auto-programming. The auto-program result can be
confirmed by reading the FST register during the interrupt routine.

(s )
v

Write the command code 40h

v

Write data to the write address

-
l
4

No
FST7 =17

Yes

| | Full status check | |

v

C Program completed )

FST7: Bitin FST register

Figure 29.8 Program Flowchart (Flash Ready Status Interrupt Disabled)
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s )
v

| RDYSTIE=1

v

Write the command code 40h

A 4

| =1 (interrupt enabled)

v

Write data to the write address

v

( Program completed )

Flash ready status
interrupt

)

v

| | Full status check

\ 4

| RDYSTI =0

v

( REIT

RDYSTI: Bit in FST register
RDYSTIE: Bit in FMRO register

Figure 29.9

Program Flowchart (Flash Ready Status Interrupt Enabled)
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29.4.11.4 Block Erase Command

When 20h is written in the first bus cycle and then DOh is written in the second bus cycle to any block address,
auto-erasure (erase and erase verify operation) startsin the specified block.

The FST7 bit in the FST register can be used to confirm whether auto-erasure has completed. The FST7 bit is
set to 0 during auto-erasure and is set to 1 when auto-erasure completes. After auto-erasure completes, all data
in the block is set to FFh.

After auto-erasure has completed, the auto-erase result can be confirmed by the FST5 bit in the FST register.
(Refer t0 29.4.12 Full Status Check).

The block erase command targeting each block in the program ROM can be disabled using the lock bit.
The following commands are not accepted under the following conditions:

* Block erase commands targeting data flash block A when the FMR14 bit in the FMR1 register is set to 1
(rewrite disabled).

* Block erase commands targeting data flash block B when the FMR15 bit is set to 1 (rewrite disabled).

* Block erase commands targeting data flash block C when the FMR16 bit is set to 1 (rewrite disabled).

* Block erase commands targeting data flash block D when the FMR17 bit is set to 1 (rewrite disabled).

Figure 29.10 shows a Block Erase Flowchart (Flash Ready Status Interrupt Disabled), Figure 29.11 shows a
Block Erase Flowchart (Flash Ready Status Interrupt Disabled and Suspend Enabled), and Figure 29.12 shows
aBlock Erase Flowchart (Flash Ready Status Interrupt Enabled and Suspend Enabled).

In EW1 mode, do not execute this command to any block where a rewrite control program is allocated.

While the RDY STIE hit in the FMRO register is set to 1 (flash ready status interrupt enabled), a flash ready
status interrupt can be generated upon completion of auto-erasure. While the RDY STIE hit is set to 1 and the
FMR20 bit in the FMR2 register is set to 1 (erase-suspend enabled), a flash ready status interrupt is generated
when the FMR21 bit is set to 1 (erase-suspend request) and auto-erasure suspends. The auto-erase result can be
confirmed by reading the FST register during the interrupt routine.
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C S D
v

Write the command code 20h

v

Write DOh to any block address

d

) 4

No
FST7 =17

Yes

| | Full status check | |

v

( Block erase completed )

FST7: Bitin FST register

Figure 29.10 Block Erase Flowchart (Flash Ready Status Interrupt Disabled)
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C Start > ( Maskable interrupt @ )

| FMR20 =1 | | FMR21=1®@ |
Ll
l
v v
. No
Write the command code 20h FST7 = 17
- ¢ Yes
I =1 (interrupt enabled)
¢ | Access the flash memory |
Write DOh to any block addre ¢
f y ress | FMR21 =0 |
<l
|
Y v
No < REIT )
FST7 =17
Yes
| | Full status check | |
¢ I: Flag in CPU register
C BIOCk erase Comp|eted ) FST7: Bits in FST register
FMR20, FMR21: Bits in FMR2 register

Notes:
1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area other the erase target area.
2. td(SR-SUS) is required until suspend is acknowledged after the FMR21 bit is set to 1.
The interrupt to enter suspend must be enabled beforehand.

Figure 29.11 Block Erase Flowchart (Flash Ready Status Interrupt Disabled and Suspend Enabled)
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( Start ) ( Maskable interrupt )

RDYSTIE=1 | | FMR21=1®

v :

| FMR20 =1 | C REIT )

v

Write the command code 20h

v

| =1 (interrupt enabled)

v

Write DOh to any block address

v

( Block erase completed )

Flash ready status
interrupt @3

No
Yes v
| Access the flash memory | | | Full status check | |
| FMR21=0 |
dl
hl
A
| RDYSTI =0 |
¢ I: Flag in CPU register
( REIT ) RDYSTI, FST6: Bits in FST register
RDYSTIE: Bit in FMRO register

FMR20, FMR21: Bits in FMR2 register

Notes:
1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area other the erase target area.
2. td(SR-SUS) is required until suspend is acknowledged after the FMR21 bit is set to 1.
The interrupt to enter suspend must be enabled beforehand.
3. When auto-erasure suspends, a flash ready status interrupt is generated.

Figure 29.12 Block Erase Flowchart (Flash Ready Status Interrupt Enabled and Suspend Enabled)
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29.4.11.5 Lock Bit Program Command

This command is used to set the lock bit of any block in the program ROM areato O (locked).

When 77h is written in the first bus cycle and DOh is written in the second bus cycle to the starting block
address, 0 is written to the lock bit of the specified block. Make sure the address value in the first bus cycle is
the same address as the starting block address specified in the second bus cycle.

Figure 29.13 shows a L ock Bit Program Flowchart. The lock bit status (lock bit data) can be read using the read
lock bit status command.

The FST7 bit in the FST register can be used to confirm whether writing to the lock bit has completed.

Refer to 29.4.10 Data Protect Function for the lock bit function and how to set the lock bit to 1 (not locked).

s )
v

Write the command code 77h

y

Write DOh to the starting
block address

<
4

b
No

FST7 =17

Yes

| | Full status check | |

v

( Completed ) FST7: Bitin FST register

Figure 29.13 Lock Bit Program Flowchart
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29.4.11.6 Read Lock Bit Status Command

This command is used to read the lock bit status of any address in the program ROM area.

When 71h written in the first bus cycle and DOh is written in the second cycle to the starting block address, the
lock bit status of the specified block is stored in the LBDATA bit in the FST register. After the FST7 bit in the
FST register has been set to 1 (ready), read the LBDATA bit.

Figure 29.14 shows a Read L ock Bit Status Flowchart.

" sa )
v

|Write the command code 71h |

y

Write DOh to the starting
block address

| | Full status check | |

v

( Completed ) FST7: Bitin FST register

Figure 29.14 Read Lock Bit Status Flowchart
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29.4.11.7 Block Blank Check Command

This command is used to confirm that all addresses in any block are blank data FFh.

When 25h iswritten in the first bus cycle and DOh is written in the second bus cycle to any block address, blank
checking starts in the specified block. The FST7 bit in the FST register can be used to confirm whether blank
checking has completed. The FST7 bit is set to 0 during the blank-check period and set to 1 when blank
checking completes.

After blank checking has completed, the blank-check result can be confirmed by the FST5 bit in the FST
register. (Refer to 29.4.12 Full Status Check.). This command is used to verify the target block has not been
written to. To confirm whether erasure has completed normally, execute the full status check.

Do not execute the block blank check command when the FST6 bit is set to 1 (during erase-suspend).
Figure 29.15 shows a Block Blank Check Flowchart.

s )
v

|Write the command code 25h |

y

Write DOh to the starting
block address

<
) 4
No
FST7 =17
Yes
| | Full status check | |
( Completed ) FST7: Bitin FST register

Figure 29.15 Block Blank Check Flowchart

This commanded isintended for programmer manufactures, not for general users.
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29.4.12 Full Status Check

If an error occurs, bits FST4 and FST5 in the FST register are set to 1, indicating the occurrence of an error. The
execution result can be confirmed by checking these status bits (full status check).

Table 29.6 lists the Errors and FST Register Status. Figure 29.16 shows the Full Status Check and Handling
Procedure for Individual Errors.

Table 29.6  Errors and FST Register Status

FST Register Status .
FSTS FST4 Error Error Occurrence Condition
1 1 Command sequence |*When a command is not written correctly.
error « When data other than valid data (i.e., DOh or FFh) is
written in the second bus cycle of the block erase
command @.
» The erase command is executed during suspend
» The command is executed to the block during suspend
1 0 Erase error When the block erase command is executed, but auto-
erasure does not complete correctly.
Blank check error When the block blank check command is executed and
data other than blank data FFh is read.
0 1 Program error/ When the program command is executed, but auto-
lock bit program error | programming does not complete correctly.
Note:

1. When FFh is written in the second bus cycle of these commands, the MCU enters read array mode.
At the same time, the command code written in the first bus cycle is invalid.
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Full status check

| Command sequence error

No
) 4
Yes Erase error/
=17
FST5 =17 blank check error
No
) 4
Yes
FST4=1? Program error | |
No
A 4

( Full status check completed

Note:
1. To rewrite to the address where the program error occurs, ensure that
the full status check completes normally and write to the address
after the block erase command is executed.

| | Command sequence error | |

v

Execute the clear status register command
(Set bits FST4 and FST5
in the FST register to 0)

v

Check if the command is properly input

v

( Re-execute the command )
Erase error/
blank check error

1 ]
v

Execute the clear status register command
(Set bits FST4 and FST5
in the FST register to 0)

Is the lock bit disabled?
or

Is the command executed on

the data flash area?

Erase command
Re-execution times < 3 times?

Set FMR13 bitto 1

|_

No

The erasure target block
cannot be used

h 4

C Re-execute the block erase command )

Program error

i i
v

Execute the clear status register command
(Set bits FST4 and FST5
in the FST register to 0)

Is the lock bit disabled?
or

Is the command executed on

the data flash area?

Specify an address other than the write
address where the error occurs
as the program address

<

Set FMR13 bitto 1

<

A 4
( Re-execute the program command )

FST4, FST5: Bits in FST register
FMR13: Bits in FMRL1 register

Figure 29.16 Full Status Check and Handling Procedure for Individual Errors
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29.5 Standard Serial I/O Mode

In standard serial 1/0 mode, a serial programmer which supports the MCU can be used to rewrite the user ROM
areawhile the MCU is mounted on-board.
There are three types of standard serial 1/0 modes:

e Standard serial /O mode 1 ................. Clock synchronous serial 1/0 used to connect to a serial programmer

* Standard serial /O mode 2 ................. Clock asynchronous serial 1/0 used to connect to a serial programmer

* Standard serial /O mode 3 ................. Specia clock asynchronous serial /O used to connect to a serid
programmer

Standard serial 1/0 mode 2 and standard serial 1/O mode 3 can be used for the MCU.

Refer to Appendix 2. Connection Examples between Serial Writer and On-Chip Debugging Emulator for
examples of connecting to a serial programmer. Contact the serial programmer manufacturer for more information.
Refer to the user’ s manual included with your serial programmer for instructions.

Table 29.7 lists the Pin Functions (Flash Memory Standard Serial 1/0 Mode 2) and Figure 29.17 shows Pin
Handling in Standard Serial 1/0 Mode 2. Table 29.8 lists the Pin Functions (Flash Memory Standard Serial 1/0
Mode 3) and Figure 29.18 shows Pin Handling in Standard Serial 1/0 Mode 3.

After handling the pins shown in Table 29.8 and rewriting the flash memory using the programmer, apply a “H”
level signal to the MODE pin and reset the hardware to run a program in the flash memory in single-chip mode.

29.5.1 ID Code Check Function

The ID code check function determines whether the ID codes sent from the serial programmer and those written
in the flash memory match.
Refer to 12. ID Code Areasfor details of the ID code check.
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Table 29.7  Pin Functions (Flash Memory Standard Serial I/O Mode 2)

Pin Name /0 Description
VCC, VSS Power supply input Apply the guaranteed programming and erasure
voltage to the VCC pin and 0 V to the VSS pin.
RESET Reset input | | Reset input pin
P4_6/XIN/(XCIN) P4_6 input/clock input I | Connect a ceramic resonator or crystal oscillator
P4_7/XOUT/(XCOUT) |P4_7 input/clock output | I/O | between pins XIN(XCIN) and XOUT(XCOUT).
P1 OtoP1_3, Input port P1 I |Input a “H” or “L” level signal or leave open.
P1 6,P1 7
P3_3to P3 5,P3 7 Input port P3 | |Inputa “H” or “L” level signal or leave open.
P4 2/VREF, P4 5 Input port P4 | |Inputa “H” or “L" level signal or leave open.
MODE MODE I/O | Input a “L” level signal.
P1 4 TXD output O | Serial data output pin
P15 RXD input | | Serial data input pin
I: Input O: Output I/O: Input and output
MCU
( Data output )t TXD VCC
AVCC
( Datainput )} | RXD
MODE
User reset signal ——— | RESET
VSS
AVSS
XN/ XOuT/
(XCIN) _(XCOUT)

N—

Connect an oscillator @

Notes:
1. In this example, modes are switched between single-chip mode and standard serial I/O mode
by controlling the MODE input with a switch.
2. When operating with the on-chip oscillator clock, it is not necessary to connect an oscillation
circuit.
Refer to Appendix Figure 2.1 Connection Example with M16C Flash Starter (M3A-0806).

Figure 29.17 Pin Handling in Standard Serial I/O Mode 2
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Table 29.8  Pin Functions (Flash Memory Standard Serial I/O Mode 3)

Pin Name I/0 Description
VCC, VSS Power supply input Apply the guaranteed programming and erasure
voltage to the VCC pin and 0 V to the VSS pin.
RESET Reset input | |Reset input pin
P4_6/XIN/(XCIN) P4_6 input/clock input I | If an external oscillator is connected, connect a

ceramic resonator or crystal oscillator between pins
XIN(XCIN) and XOUT(XCOUT).

To use as an input port, input a “H” or “L” level
signal or leave the pin open.

P4_7/XOUT/(XCOUT) |P4_7 input/clock output | I/O

P1 OtoP1 7 Input port P1 I |Input a “H” or “L” level signal or leave open.
P3_3toP3 5,P3 7 |Input port P3 I |Input a “H” or “L” level signal or leave open.
P4 _2/VREF, P4 5 Input port P4 I |Input a“H” or “L” level signal or leave open.
MODE MODE I/O | Serial data I/0O pin. Connect the pin to a

programmer.
I: Input O: Output I/O: Input and output

O
MCU
AvCC

Reset input

User reset signal
VSS

AVSS

Notes:
1. Controlled pins and external circuits vary depending on the programmer.
Refer to the programmer manual for details.
2. In this example, modes are switched between single-chip mode and
standard serial I/O mode by connecting a programmer.
3. When operating with the on-chip oscillator clock, it is not necessary to
connect an oscillation circuit.

Figure 29.18 Pin Handling in Standard Serial I/O Mode 3
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29.6 Parallel I/O Mode

Parallel 1/0 mode is used to input and output software commands, addresses and data necessary to control (read,
program, and erase) the on-chip flash memory.

Use a parallel programmer which supports the MCU. Contact the parallel programmer manufacturer for more
information. Refer to the user’s manual included with your parallel programmer for instructions.

In paralel 1/O mode, the user ROM areas shown in Figure 29.1 can be rewritten.

29.6.1 ROM Code Protect Function

The ROM code protect function prevents the flash memory from being read and rewritten. (Refer to the 29.3.2
ROM Code Protect Function.)
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29.7

Notes on Flash Memory

29.7.1 CPU Rewrite Mode

29.7.1.1 Prohibited Instructions

The following instructions cannot be used while the program ROM area is being rewritten in EW0 mode
because they reference datain the flash memory: UND, INTO, and BRK.

29.7.1.2
Tables 29.9 and 29.11 show CPU Rewrite Mode Interrupts (1), (2) and (3), respectively.

Interrupts

Table 29.9  CPU Rewrite Mode Interrupts (1)
Erase/
Mode Write Status Maskable Interrupt
Target
EWO0 Data During auto-erasure | When an interrupt request is acknowledged, interrupt handling is executed.
flash (suspend enabled) | If the FMR22 bit is set to 1 (erase-suspend request enabled by interrupt request),
the FMR21 bit is automatically set to 1 (erase-suspend request). The flash memory
suspends auto-erasure after td(SR-SUS).
If erase-suspend is required while the FMR22 bit is set to O (erase-suspend request
disabled by interrupt request), set the FMR21 bit to 1 during interrupt handling. The flash
memory suspends auto-erasure after td(SR-SUS).
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written. Auto-erasure can be restarted by setting the
FMR21 bit to O (erase restart).
During auto-erasure | Interrupt handling is executed while auto-erasure or auto-programming is being
(suspend disabled performed.
or FMR22 = 0)
During
auto-programming
Program | During auto-erasure | Usable by allocating a vector in RAM.
ROM (suspend enabled)
During auto-erasure
(suspend disabled)
During
auto-programming
EW1 |Data During auto-erasure | When an interrupt request is acknowledged, interrupt handling is executed.
flash (suspend enabled) | If the FMR22 bit is set to 1, the FMR21 bit is automatically set to 1. The flash memory
suspends auto-erasure after td(SR-SUS).
If erase-suspend is required while the FMR22 bit is set to 0, set the FMR21 bit to 1 during
interrupt handling. The flash memory suspends auto-erasure after td(SR-SUS).
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written. Auto-erasure can be restarted by setting the
FMR21 bit to 0.
During auto-erasure | Interrupt handling is executed while auto-erasure or auto-programming is being
(suspend disabled performed.
or FMR22 = 0)
During
auto-programming
Program | During auto-erasure | Auto-erasure suspends after td(SR-SUS) and interrupt handling is executed. Auto-
ROM (suspend enabled) | erasure can be restarted by setting the FMR21 bit to O after interrupt handling completes.
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written.
During auto-erasure | Auto-erasure and auto-programming have priority and interrupt requests are put on
(suspend disabled standby. Interrupt handling is executed after auto-erase and auto-program complete.
or FMR22 = 0)
During
auto-programming

FMR21, FMR22: Bits in FMR2 register
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Table 29.10 CPU Rewrite Mode Interrupts (2)

« Watchdog Timer » Undefined Ins_truction
N . * INTO Instruction
Erase/ « Oscillation Stop Detection « BRK Instruction
Mode Write Status « \Voltage Monitor 2 .
Target « Voltage Monitor 1 * Single Step
« NMI (Note 1) « Address Match
» Address Break (Note 1)
EWO0 | Data flash | During auto-erasure When an interrupt request is acknowledged, When an interrupt request is
(suspend enabled) interrupt handling is executed. acknowledged, interrupt handling
If the FMR22 bit is set to 1 (erase-suspend is executed.
request enabled by interrupt request), If erase-suspend is required, set
the FMR21 bit is automatically set to 1 (erase- the FMR21 bit to 1 during interrupt
suspend request). The flash memory suspends | handling. The flash memory
auto-erasure after td(SR-SUS). suspends auto-erasure after
If erase-suspend is required while the FMR22 bit | td(SR-SUS).
is set to O (erase-suspend request disabled by While auto-erasure is being
interrupt request), set the FMR21 bit to 1 during | suspended, any block other than
interrupt handling. The flash memory suspends | the block during auto-erasure
auto-erasure after td(SR-SUS). execution can be read or written.
While auto-erasure is being suspended, any Auto-erasure can be restarted by
block other than the block during auto-erasure setting the FMR21 bit in the FMR2
execution can be read or written. Auto-erasure register is set to 0 (erase restart).
can be restarted by setting the FMR21 bit is set
to O (erase restart).
During auto-erasure Interrupt handling is executed while auto-erasure or auto-programming is being
(suspend disabled performed.
or FMR22 = 0)
During
auto-programming
Program | During auto-erasure When an interrupt request is acknowledged, Not usable during auto-erasure or
ROM (suspend enabled) auto-erasure or auto-programming is forcibly auto-programming.
During auto-erasure stopped immediately and the flash memory is
(suspend disabled) reset. Interrupt handling starts when the flash
During memory restarts aft_er the fixed period.
auto-programming Since the blgck during auto-erasure or th_e
address during auto-programming is forcibly
stopped, the normal value may not be read. After
the flash memory restarts, execute auto-erasure
again and ensure it completes normally.
The watchdog timer does not stop during the
command operation, so interrupt requests may
be generated. Initialize the watchdog timer
regularly using the erase-suspend function.

FMR21, FMR22: Bits in FMR2 register

Note:

1. Do not use a non-maskable interrupt while block 0 is being auto-erased because the fixed vector is allocated in block 0.
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Table 29.11 CPU Rewrite Mode Interrupts (3)

« Watchdog Timer » Undefined Ins_truction
N . * INTO Instruction
Erase/ « Oscillation Stop Detection « BRK Instruction
Mode Write Status « \Voltage Monitor 2 .
Target « Voltage Monitor 1 * Single Step
« NMI (Note 1) « Address Match
» Address Break (Note 1)
EW1 | Data flash | During auto-erasure When an interrupt request is acknowledged, When an interrupt request is
(suspend enabled) interrupt handling is executed. acknowledged, interrupt handling
If the FMR22 bit is set to 1, the FMR21 bit is is executed.
automatically set to 1. The flash memory If erase-suspend is required, set
suspends auto-erasure after td(SR-SUS). the FMR21 bit to 1 during interrupt
If erase-suspend is required while the FMR22 bit | handling. The flash memory
is set to 0, set the FMR21 bit to 1 during interrupt | suspends auto-erasure after
handling. The flash memory suspends auto- td(SR-SUS).
programming after td(SR-SUS). While auto-erasure is being
While auto-erasure is being suspended, any suspended, any block other than
block other than the block during auto-erasure the block during auto-erasure
execution can be read or written. Auto-erasure execution can be read or written.
can be restarted by setting the FMR21 bit is set | Auto-erasure can be restarted by
to 0. setting the FMR21 bit in the FMR2
register is set to 0 (erase restart).
During auto-erasure Interrupt handling is executed while auto-erasure or auto-programming is being
(suspend disabled performed.
or FMR22 = 0)
During
auto-programming
Program | During auto-erasure When an interrupt request is acknowledged, Not usable during auto-erasure or
ROM (suspend enabled) auto-erasure or auto-programming is forcibly auto-programming.
stopped immediately and the flash memory is
reset. Interrupt handling starts when the flash
memory restarts after the fixed period.
During auto-erasure Since the block during auto-erasure or the
(suspend disabled address during auto-programming is forcibly
or FMR22 = 0) stopped, the normal value may not be read. After
During the flash memory restarts, execute auto-erasure
auto-programming again and ensure it completes normally.
The watchdog timer does not stop during the
command operation, so interrupt requests may
be generated. Initialize the watchdog timer
regularly using the erase-suspend function.

FMR21, FMR22: Bits in FMR2 register

Note:

1. Do not use a non-maskable interrupt while block 0 is being auto-erased because the fixed vector is allocated in block 0.
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29.7.1.3 How to Access
To set one of the following bitsto 1, first write 0 and then 1 immediately. Disable interrupts and DTC activation
between writing 0 and writing 1.
e The FMRO1 bit or FMRO2 bit in the FMRO register
* The FMR13 bit in the FMR1 register
* The FMR20 bit, FMR22 hit, or FMR 27 bit in the FMR2 register

To set one of the following bitsto O, first write 1 and then O immediately. Disable interrupts and DTC activation
between writing 1 and writing 0.

* The FMR14 bit, FMR15 bit, FMR16 bit, or FMR17 bit in the FMRL1 register

29.7.1.4 Rewriting User ROM Area

In EWO0 Mode, if the supply voltage drops while rewriting any block in which a rewrite control program is
stored, it may not be possible to rewrite the flash memory because the rewrite control program cannot be
rewritten correctly. In this case, use standard seria 1/0 mode.

29.7.1.5 Programming
Do not write additions to the already programmed address.

29.7.1.6 Entering Stop Mode or Wait Mode

Do not enter stop mode or wait mode during erase-suspend.

If the FST7 inthe FST register is set to 0 (busy (during programming or erasure execution)), do not enter to stop
mode or wait mode.

Do not enter stop mode or wait mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

29.7.1.7 Programming and Erasure Voltage for Flash Memory

To perform programming and erasure, use VCC = 2.7 V to 5.5 V as the supply voltage. Do not perform
programming and erasure at lessthan 2.7 V.

29.7.1.8 Block Blank Check
Do not execute the block blank check command during erase-suspend.

29.7.1.9 Low-Current-Consumption Read Mode

In low-speed clock mode and low-speed on-chip oscillator mode, the current consumption when reading the
flash memory can be reduced by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption
read mode enabled).

L ow-current-consumption read mode can be used when the CPU clock is set to either of the following:

* The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

* The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is
3 kHz or below. After setting the divide ratio of the CPU clock, set the FMR27 bit to 1 (low-current-
consumption read mode enabled).

To reduce the power consumption, refer to 30. Reducing Power Consumption.

Enter wait mode or stop mode after setting the FMR27 bit to O (low-current-consumption read mode disabled).
Do not enter wait mode or stop mode while the FMR27 bit is 1 (Ilow-current-consumption read mode enabled).
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30. Reducing Power Consumption

30.1 Overview
This chapter describes key points and processing methods for reducing power consumption.

30.2 Key Points and Processing Methods for Reducing Power Consumption

Key points for reducing power consumption are shown below. They should be referred to when designing a system
or creating a program.

30.2.1 Voltage Detection Circuit

If voltage monitor 1 is not used, set the VCA26 bit in the VCAZ2 register to 0 (voltage detection 1 circuit
disabled). If voltage monitor 2 is not used, set the VCA27 bit in the VCA2 register to 0 (voltage detection 2
circuit disabled).

If the power-on reset and voltage monitor O reset are not used, set the VCA25 bit in the VCA2 register to 0
(voltage detection O circuit disabled).

30.2.2 Ports

Even after the MCU enters wait mode or stop mode, the states of the I/O ports are retained. Current flows into
the output ports in the active state, and shoot-through current flows into the input ports in the high-impedance
state. Unnecessary ports should be set to input and fixed to a stable electric potential before the MCU enters
wait mode or stop mode.

30.2.3 Clocks

Power consumption generally depends on the number of the operating clocks and their frequencies. The fewer
the number of operating clocks or the lower their frequencies, the more power consumption decreases.
Unnecessary clocks should be stopped accordingly.

Stopping low-speed on-chip oscillator oscillation: CM 14 bit in CM 1 register
Stopping high-speed on-chip oscillator oscillation: FRAQO bit in FRAO register

30.2.4 Wait Mode, Stop Mode
Power consumption can be reduced in wait mode and stop mode. Refer to 9.7 Power Control for details.

30.2.5 Stopping Peripheral Function Clocks

If the peripheral function f1, f2, f4, 8, and f32 clocks are not necessary in wait mode, set the CMO02 hit in the
CMO register to 1 (peripheral function clock stopsin wait mode). Thiswill stop the f1, f2, f4, f8, and f32 clocks
in wait mode.

30.2.6 Timers

If timer RA isnot used, set the TCKCUT bit in the TRAMR register to 1 (count source cutoff).
If timer RB is not used, set the TCKCUT bit in the TRBMR register to 1 (count source cutoff).
If timer RC is not used, set the MSTTRC bit in the MSTCR register to 1 (standby).

30.2.7 A/D Converter

When the A/D converter is not used, power consumption can be reduced by setting the ADSTBY bit in the
ADCONL1 register to O (A/D operation stops (standby)) to shut off any analog circuit current flow.

30.2.8 Clock Synchronous Serial Interface
When the SSU or the 12C busis not used, set the MSTIIC bit in the MSTCR register to 1 (standby).
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30.2.9 Reducing Internal Power Consumption

When the MCU enters wait mode using low-speed clock mode or low-speed on-chip oscillator mode, internal
power consumption can be reduced by using the VCAZ20 bit in the VCA2 register. Figure 30.1 shows the
Handling Procedure for Reducing Internal Power Consumption Using VCAZ20 Bit. To enable reduced internal
power consumption by the VCA20 bit, follow Figure 30.1 Handling Procedure for Reducing Internal Power
Consumption Using VCAZ20 Bit.

Exit wait mode by interrupt
(Note 1)

Procedure for enabling reduced internal ) .
power consumption using VCA20 bit In interrupt routine

v v

Enter low-speed clock mode or VCA20 0
Step (1) low-speed on-chip oscillator mode Step (5) (internal power low consumption disabled) @
p f (This is automatically set when exiting wait mode)
Step (2) Stop XIN clock and Step (6) Start XIN clock Ifitis necessary to start
P high-speed on-chip oscillator clock P or high-speed on-chip oscillator clock the high-speed clock or
high-speed on-chip oscillator
¢ ¢ during the interrupt routine,
- - - N execute steps (6) to (7)
Step (3) VCA20 <1 Step (7) (Wait until XIN clock or high-speed on-chip in the routine.

(internal power low consumption enabled) @3 oscillator clock oscillation stabilizes)

v v

Enter high-speed clock mode or

i (@)
Step (4) Enter wait mode Step (8) high-speed on-chip oscillator mode
y
Sten (5 VCA20 « 0 Interrupt handling
ep (5) (internal power low consumption disabled) @ ¢
¢ Step (1) Enter low-speed clock mode or
Start XIN clock or low-speed on-chip oscillator mode
Step (6) high-speed on-chip oscillator clock If the high-speed clock or
¢ ¢ high-speed on-chip oscillator
Stop XIN clock and starts during the interrupt
Step (7) (Wait until XIN clock or high-speed on-chip Step (2) high-speed on-chip oscillator clock routine, execute steps (1) to
P oscillator clock oscillation stabilizes) ¢ (3) at the end of the routine.
¢ VCA20 « 1
Step (8) Enter high-speed clock mode or Step (3) (internal power low consumption enabled) @ 3
high-speed on-chip oscillator mode ¢
C Interrupt handling completed )
Notes:

1. Execute this routine to handle all interrupts generated in wait mode.
However, this does not apply if it is not necessary to start the high-speed clock or high-speed on-chip oscillator during the interrupt routine.
2. Do not set the VCA20 bit to 0 with the instruction immediately after setting the VCA20 bit to 1. Also, do not do the opposite.
3. When the VCA20 bit is set to 1, do not set the CM10 bit to 1 (stop mode).
4. When the MCU enters wait mode, follow 9.7.2 Wait Mode.

VCAZ20: Bit in VCAZ2 register

Figure 30.1 Handling Procedure for Reducing Internal Power Consumption Using VCAZ20 Bit
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30.2.10 Stopping Flash Memory

In low-speed on-chip oscillator mode and low-speed clock mode, power consumption can be further reduced by
stopping the flash memory using the FMSTP bit in the FMRO register.
Access to the flash memory is disabled by setting the FMSTP bit to 1 (flash memory stops). The FMSTP bit
must be written to by a program transferred to RAM.
When the MCU enters stop mode or wait mode while CPU rewrite mode is disabled, the power for the flash
memory is automatically turned off. It is turned back on again after the MCU exit stop mode or wait mode. This

eliminates the need to set the FMRO register.

Figure 30.2 shows the Handling Procedure Example for Reducing Power Consumption Using FMSTP Bit.

v

Transfer the FMSTP bit setting program to
the RAM

h 4

Jump to the FMSTP bit setting program
(The subsequent processing is executed
by the program in the RAM)

Notes:
1. After setting the FMRO1 bit to 1 (CPU rewrite mode enabled),
set the FMSTP bit to 1 (flash memory stops).

clock is stable.

3. Insert a 60-pus wait time by a program.
Do not access the flash memory during this wait time.

FMRO1, FMSTP: Bits in FMRO register

2. Before switching the CPU clock source, make sure the designated

FMSTP bit setting program

A 4

After writing O to the FMROL bit,
write 1 (CPU rewrite mode enabled)

v

Write 1 to the FMSTP bit (flash memory stops.
low power consumption state) @

v

Enter low-speed clock mode or
low-speed on-chip oscillator mode

v

Stop the high-speed on-chip oscillator

v

Process in low-speed clock mode or
low-speed on-chip oscillator mode

v

Switch the clock source for the CPU clock @

v

Write O to the FMSTP bit
(flash memory operates)

v

Write O to the FMRO1 bit
(CPU rewrite mode disabled)

v

(60 ps) @

Wait until the flash memory circuit stabilizes

Jump to the specified address in the flash memory

v

Figure 30.2 Handling Procedure Example for Reducing Power Consumption Using FMSTP Bit
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30.2.11 Low-Current-Consumption Read Mode

In low-speed clock mode and low-speed on-chip oscillator mode, the current consumption when reading the
flash memory can be reduced by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption
read mode enabled).

L ow-current-consumption read mode can be used when the CPU clock is set to either of the following:

* The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

* The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is
3 kHz or below.

After setting the divide ratio of the CPU clock, set the FMR27 bit to 1 (low-current-consumption read mode
enabled).

Enter wait mode or stop mode after setting the FMR27 bit to O (low-current-consumption read mode disabled).
Do not enter wait mode or stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

Figure 30.3 shows the Handling Procedure Example of Low-Current-Consumption Read Mode.

Handling procedure for enabling
low-current-consumption read mode
by FMR27 bit

v

Enter low-speed clock mode or
low-speed on-chip oscillator mode

v

Step (2) Stop the high-speed on-chip oscillator clock

Step (1)

A
Step (3) (Iow—current—consu;hf)?cfrz r:aj(-j mode enabled)
\ 4
Step (4) Enter low-current-consumption read mode @
y
Step (5) (Iow-current-consﬁmﬁtizgnTegd mode disabled)
A

Step (6) Start the high-speed on-chip oscillator clock

v

(Wait until the high-speed on-chip oscillator clock

Step (7) oscillation stabilizes)
Step (8) Enter high-speed on-chip oscillator mode

Notes:
1. To set the FMR27 bit to 1, first write 0 and then write 1 immediately.
Disable interrupts and DTC activation between writing 0 and writing 1.
2. In low-current-consumption read mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled).
Enter wait mode or stop mode after setting the FMR27 bit to 0 (low-current-consumption read mode disabled).
Do not enter wait mode or stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

FMR27: Bit in FMR2 register

Figure 30.3 Handling Procedure Example of Low-Current-Consumption Read Mode
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30.2.12 Others

Set the MSTTRD bit inthe MSTCR register to 1.
The power consumption of the peripheral functions can be reduced.
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31. Electrical Characteristics

Table 31.1  Absolute Maximum Ratings

Symbol Parameter Condition Rated Value Unit
Vcc/AVcce Supply voltage -0.3t06.5 \%
Vi Input voltage -0.3to Vcc+ 0.3 \%
Vo Output voltage -0.3to Vcc+ 0.3 \%
Pd Power dissipation —40°C < Topr < 85°C 500 mw
Topr Operating ambient temperature —20 to 85 (N version) / °C

—40 to 85 (D version)
Tstg Storage temperature —65 to 150 °C
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Table 31.2 Recommended Operating Conditions

- Standard .

Symbol Parameter Conditions - Unit
Min. Typ. Max.

Vcc/AVcee | Supply voltage 1.8 - 55 \%

Vss/AVss| Supply voltage - 0 - \%

ViH Input “H” voltage | Other than CMOS input 0.8 Vcc - Vce \Y

CMOS Inputlevel |Input level selection [4.0V <Vcc<5.5V | 0.5Vcc - Vcc \%

input switching |:0.35 Vee 27V<Vcc<40V [055Vec| - Vee |V

E’/;‘)CE‘;'F‘O 18V<Vcc<27V |065Vec| - vee | V

Input level selection |4.0 V <Vcc<5.5V |0.65 Vcc - Vcc \Y

:0.5Vce 27V<Vcc<4.0V | 0.7 Vce - Vce v

1.8V <Vcc<27V | 0.8Vcc - Vcc \%

Input level selection |4.0V <Vcc<5.5V |0.85Vcc - Vcc \%

:0.7vee 27V<Vcc<40V [0.85Vec| - = v

1.8V <Vecec<2.7V |0.85Vcee - Vce \%

External clock input (XOUT) 1.2 - Vcc \%

VIL Input “L” voltage | Other than CMOS input 0 - 0.2Vcc | V

CMOS Inputlevel |Input level selection [4.0V <Vcc <55V 0 - 0.2Vcc | V

input switching |: 0.35 Vcc 27V<Vcc<40V 0 _ 02Vcec | Vv

‘Eﬁ’/'(‘jci')‘;'r‘t) 18V<Vcc<27V| 0 — [o02Vec| V

Input level selection |4.0V <Vcc <55V 0 - 0.4Vcc | V

:0.5Vvee 27V<Vcc<4.0V 0 - 03Vec | V

18V<Vec<27V 0 - 0.2Vcc | V

Input level selection |4.0V <Vcc <55V 0 - 0.55Vce| V

:0.7vee 27V<Vcc<4.0V 0 - |045Vcc| V

1.8V<Vecc<27V 0 - 0.35Vcec| V

External clock input (XOUT) 0 - 0.4 \%

loH(sum) | Peak sum output “H” current | Sum of all pins loH(peak) - - -160 mA
loH(sum) | Average sum output “H” current | Sum of all pins loH(avg) - - -80 mA
IoH(peak) | Peak output “H” current Drive capacity Low - - -10 mA
Drive capacity High - - -40 mA

loH(avg) | Average output “H” current | Drive capacity Low - - -5 mA
Drive capacity High - - -20 mA

loLsum) | Peak sum output “L” current | Sum of all pins loL(peak) - - 160 mA
loLsum) | Average sum output “L" current | Sum of all pins loL(avg) - - 80 mA
loL(peak) | Peak output “L” current Drive capacity Low - - 10 mA
Drive capacity High - - 40 mA

loLavg) | Average output “L” current Drive capacity Low - - 5 mA
Drive capacity High - - 20 mA
f(xIN) XIN clock input oscillation frequency 27V<Vcc<5h5V - - 20 MHz
1.8V<Vcec<27V - - 5 MHz
f(xcIN) XCIN clock input oscillation frequency 1.8V<Vcc<5h5V - 32.768 50 kHz
fOCO40M | When used as the count source for timer RC (3) 27V<Vcc<55V 32 - 40 MHz
fOCO-F | fOCO-F frequency 27V<Vcc<55V - - 20 MHz
1.8V<Vcc<27V - - 5 MHz
- System clock frequency 27V<Vcc<h5V - - 20 MHz
1.8V<Vcc<27V - - 5 MHz
f(BCLK) CPU clock frequency 27V<Vcc<55V - - 20 MHz
1.8V<Vcc<27V - - 5 MHz

Notes:

1. Vcc=1.81t05.5V and Topr = -20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.
2. The average output current indicates the average value of current measured during 100 ms.
3. fOCO40M can be used as the count source for timer RC in the range of Vcc = 2.7 V to 5.5V.
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P4 30pF
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Figure 31.1 Ports P1, P3, P4 Timing Measurement Circuit
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Table 31.3  A/D Converter Characteristics
- Standard )
Symbol Parameter Conditions - Unit
Min. Typ. Max.
- Resolution Vref = AVcc - - 10 Bit
- Absolute accuracy 10-bit mode | Vref = AVcc=5.0V | AN8to AN11 input - - +3 LSB
Vref = AVcc=3.3V | AN8to AN11 input - - +5 LSB
Vref = AVcc=3.0V | AN8to AN11 input - - +5 LSB
Vref = AVcc=2.2V | AN8to AN11 input - - +5 LSB
8-bit mode Vref = AVcc=5.0V | AN8to AN11 input - - +2 LSB
Vref = AVcc=3.3V | AN8 to AN11 input - - +2 LSB
Vref = AVcc=3.0V | AN8to AN11 input - - +2 LSB
Vref = AVcc=2.2V | AN8to AN11 input - - +2 LSB
6AD A/D conversion clock 4.0V < Vref=AVcc <55V @) 2 - 20 MHz
3.2V < Vief=AVcc <5.5V (2) 2 - 16 MHz
2.7V <Vrief=AVcc <55V (2 2 - 10 MHz
2.2V <Vrief=AVcc <55V (@) 2 - 5 MHz
- Tolerance level impedance - 3 - kQ
tconv Conversion time 10-bit mode | Vref = AVcc = 5.0 V, $AD = 20 MHz 2.15 - - us
8-bit mode Vref = AVcc = 5.0 V, $AD = 20 MHz 2.15 - - us
tsamp Sampling time 6AD = 20 MHz 0.75 - - us
[Vref Vref current Veec =5V, XIN =1 = ¢AD = 20 MHz - 45 - pA
Vref Reference voltage 2.2 - AVcc \%
Via Analog input voltage (3) 0 - Vref \
Notes:

1. Vcc/AVec = Vref =2.210 5.5V, Vss =0 V and Topr = —20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise

specified.

2. The A/D conversion result will be undefined in wait mode, stop mode, when the flash memory stops, and in low-current-
consumption mode. Do not perform A/D conversion in these states or transition to these states during A/D conversion.
3. When the analog input voltage is over the reference voltage, the A/D conversion result will be 3FFh in 10-bit mode and FFh in

8-bit mode.
Table 31.4  Comparator B Electrical Characteristics
-, Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
Vref IVREF1, IVREF3 input reference voltage 0 - Vec-1.4 \%
Vi IVCMP1, IVCMP3 input voltage -0.3 - Vecec+0.3 \%
- Offset - 5 100 mV
td Comparator output delay time () Vi = Vref + 100 mV - 0.1 - us
lcmp Comparator operating current Vcc=5.0V - 175 - HA
Notes:

1. Vcc=2.7105.5V, Topr =20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.
2. When the digital filter is disabled.
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Table 31.5 Flash Memory (Program ROM) Electrical Characteristics

- Standard .
Symbol Parameter Conditions - Unit
Min. Typ. Max.
- Program/erase endurance (2) 1,000 ®) - - times
- Byte program time - 80 500 us
- Block erase time - 0.3 - s
td(SR-SUS) Time delay from suspend request until - - 5+CPUclock | ms
suspend x 3 cycles
- Interval from erase start/restart until 0 - - us
following suspend request
- Time from suspend until erase restart - - 30+CPUclock | ps
x 1 cycle
td(CMDRST- Time from when command is forcibly - - 30+CPUclock us
READY) terminated until reading is enabled x 1 cycle
- Program, erase voltage 2.7 - 5.5 Y,
- Read voltage 1.8 - 55 Vv
- Program, erase temperature 0 - 60 °C
- Data hold time (7) Ambient temperature = 55°C 20 - - year

1. Vcc=2.7105.5V and Topr = 0 to 60°C, unless otherwise specified.

2. Definition of programming/erasure endurance
The programming and erasure endurance is defined on a per-block basis.

If the programming and erasure endurance is n (n = 1,000), each block can be erased n times. For example, if 1,024 1-byte
writes are performed to different addresses in block A, a 1 Kbyte block, and then the block is erased, the
programming/erasure endurance still stands at one.

However, the same address must not be programmed more than once per erase operation (overwriting prohibited).

3. Endurance to guarantee all electrical characteristics after program and erase. (1 to Min. value can be guaranteed).

4. In asystem that executes multiple programming operations, the actual erasure count can be reduced by writing to sequential
addresses in turn so that as much of the block as possible is used up before performing an erase operation. For example,
when programming groups of 16 bytes, the effective number of rewrites can be minimized by programming up to 128 groups
before erasing them all in one operation. It is also advisable to retain data on the erasure endurance of each block and limit
the number of erase operations to a certain number.

5. If an error occurs during block erase, attempt to execute the clear status register command, then execute the block erase
command at least three times until the erase error does not occur.

6. Customers desiring program/erase failure rate information should contact their Renesas technical support representative.

7. The data hold time includes time that the power supply is off or the clock is not supplied.
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Table 31.6  Flash Memory (Data flash Block A to Block D) Electrical Characteristics
. Standard .
Symbol Parameter Conditions - Unit
Min. Typ. Max.
- Program/erase endurance (2) 10,000 | - - times
- Byte program time - 160 1,500 us
(program/erase endurance < 1,000 times)
- Byte program time - 300 1,500 us
(program/erase endurance > 1,000 times)
- Block erase time - 0.2 1 S
(program/erase endurance < 1,000 times)
- Block erase time - 0.3 1 s
(program/erase endurance > 1,000 times)
td(SR-SUS) Time delay from suspend request until - - 5+CPUclock | ms
suspend x 3 cycles
- Interval from erase start/restart until 0 - - us
following suspend request
- Time from suspend until erase restart - - 30+CPUclock | pus
x 1 cycle
td(CMDRST- Time from when command is forcibly - - 30+CPUclock | us
READY) terminated until reading is enabled x 1 cycle
- Program, erase voltage 2.7 - 5.5 \%
- Read voltage 1.8 - 55 Vv
- Program, erase temperature -20(M - 85 °C
- Data hold time (8) Ambient temperature = 55 °C 20 - - year
Notes:

1. Vcc=2.7105.5V and Topr = -20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.

2. Definition of programming/erasure endurance
The programming and erasure endurance is defined on a per-block basis.
If the programming and erasure endurance is n (n = 10,000), each block can be erased n times. For example, if 1,024 1-byte
writes are performed to different addresses in block A, a 1 Kbyte block, and then the block is erased, the
programming/erasure endurance still stands at one.
However, the same address must not be programmed more than once per erase operation (overwriting prohibited).

Endurance to guarantee all electrical characteristics after program and erase. (1 to Min. value can be guaranteed).
In a system that executes multiple programming operations, the actual erasure count can be reduced by writing to sequential

addresses in turn so that as much of the block as possible is used up before performing an erase operation. For example,
when programming groups of 16 bytes, the effective number of rewrites can be minimized by programming up to 128 groups
before erasing them all in one operation. In addition, averaging the erasure endurance between blocks A to D can further
reduce the actual erasure endurance. It is also advisable to retain data on the erasure endurance of each block and limit the

number

of erase operations to a certain number.

command at least three times until the erase error does not occur.
6. Customers desiring program/erase failure rate information should contact their Renesas technical support representative.

© N

—40°C for D version.
The data hold time includes time that the power supply is off or the clock is not supplied.

If an error occurs during block erase, attempt to execute the clear status register command, then execute the block erase

Suspend request

(FMR21 bit)

FST7 bit !

FST6 bit

Fixed time

»le
1€

Clock-dependent
time

td(SR-sus)

Y

FST6, FST7: Bitin FST register
FMR21: Bit in FMR?2 register

A 4

Access restart

Figure 31.2

Time delay until Suspend
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Table 31.7  Voltage Detection 0 Circuit Electrical Characteristics

Standard

Symbol Parameter Condition - Unit
Min. Typ. Max.
Vdeto Voltage detection level Vdet0_0 (2) 1.80 | 1.90 | 2.05 \Y
Voltage detection level Vdet0_1 (2) 215 | 2.35 | 250 \Y
Voltage detection level Vdet0_2 (2) 270 | 2.85 | 3.05 \Y
Voltage detection level Vdet0_3 (2) 355 | 3.80 | 4.05 \Y
- Voltage detection O circuit response time (4) At the falling of Vcc from 5 V - 6 150 us
to (Vdet0_0-0.1) V
- Voltage detection circuit self power consumption |[VCA25=1,Vcc=5.0V - 15 - pA
td(E-A) Waiting time until voltage detection circuit - - 100 us
operation starts (3)

Notes:

1. The measurement condition is Vcc = 1.8 Vto 5.5 V and Topr = =20 to 85°C (N version) / —40 to 85°C (D version).
2. Select the voltage detection level with bits VDSELO and VDSEL1 in the OFS register.
3. Necessary time until the voltage detection circuit operates when setting to 1 again after setting the VCA25 bit in the VCA2

register to 0.

4. Time until the voltage monitor O reset is generated after the voltage passes Vdeto.

Table 31.8  Voltage Detection 1 Circuit Electrical Characteristics

Symbol Parameter Condition - Standard Unit
Min. Typ. Max.
Vdet1 Voltage detection level Vdet1_0 (2) At the falling of Vcc 2.00 2.20 2.40 \
Voltage detection level Vdet1l_1 (2) At the falling of Vcc 2.15 2.35 2.55 \Y
Voltage detection level Vdetl_2 (2) At the falling of Vcc 2.30 2.50 2.70 \Y
Voltage detection level Vdetl_3 (2) At the falling of Vcc 2.45 2.65 2.85 \%
Voltage detection level Vdetl_4 (2) At the falling of Vcc 2.60 2.80 3.00 \%
Voltage detection level Vdetl_5 (2) At the falling of Vcc 2.75 2.95 3.15 \
Voltage detection level Vdetl_6 (2) At the falling of Vcc 2.85 3.10 3.40 \
Voltage detection level Vdet1l_7 (2 At the falling of Vcc 3.00 3.25 3.55 \
Voltage detection level Vdet1l_8 (2) At the falling of Vcc 3.15 3.40 3.70 \Y,
Voltage detection level Vdetl_9 (2) At the falling of Vcc 3.30 3.55 3.85 \Y,
Voltage detection level Vdetl_A () At the falling of Vcc 3.45 3.70 4.00 \Y
Voltage detection level Vdetl_B (2) At the falling of Vcc 360 | 385 | 4.15 \Y
Voltage detection level Vdetl_C () At the falling of Vcc 3.75 4.00 4.30 \Y
Voltage detection level Vdetl D (2) At the falling of Vcc 3.90 4.15 4.45 \%
Voltage detection level Vdetl_E (2) At the falling of Vcc 4.05 4.30 4.60 \
Voltage detection level Vdetl_F (2) At the falling of Vcc 4.20 4.45 4.75 \
- Hysteresis width at the rising of Vcc in voltage Vdetl_ O to Vdetl_5 - 0.07 - \%
detection 1 circuit selected
Vdetl 6 to Vdetl_F - 0.10 - \
selected
- Voltage detection 1 circuit response time (3) At the falling of Vcc from 5V - 60 150 us
to (Vdetl 0-0.1) V
- Voltage detection circuit self power consumption VCA26=1,Vcc=5.0V - 1.7 - pA
td(E-A) Waiting time until voltage detection circuit operation - - 100 us
starts (4)
Notes:

1. The measurement condition is Vcc = 1.8 V t0 5.5 V and Topr = —20 to 85°C (N version) / —40 to 85°C (D version).

rpOD

register to 0.

Select the voltage detection level with bits VD1S0 to VD1S3 in the VDL1LS register.
Time until the voltage monitor 1 interrupt request is generated after the voltage passes Vdet1.
Necessary time until the voltage detection circuit operates when setting to 1 again after setting the VCA26 bit in the VCA2
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Table 31.9  Voltage Detection 2 Circuit Electrical Characteristics

" Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.
Vdet2 Voltage detection level Vdet2_0 At the falling of Vcc 3.70 4.00 4.30 \
- Hysteresis width at the rising of Vcc in voltage detection - 0.10 - \%
2 circuit
- Voltage detection 2 circuit response time (2) At the falling of Vcc from - 20 150 us
5Vto (Vdet2 0-0.1) V
- Voltage detection circuit self power consumption VCA27 =1,Vcc=5.0V - 1.7 - pA
td(E-A) Waiting time until voltage detection circuit operation - - 100 us
starts 3

Notes:
1. The measurement condition is Vcc = 1.8 Vto 5.5 V and Topr = =20 to 85°C (N version) / —40 to 85°C (D version).
2. Time until the voltage monitor 2 interrupt request is generated after the voltage passes Vdet2.
3. Necessary time until the voltage detection circuit operates after setting to 1 again after setting the VCA27 bit in the VCA2
register to 0.

Table 31.10 Power-on Reset Circuit (2

Standard

Symbol Parameter Condition - Unit
Min. Typ. Max.

trth External power Vcc rise gradient @ 0 - 50,000 | mV/msec

Notes:
1. The measurement condition is Topr = —20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.
2. To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in the OFS register to 0.

1
Vdet0 \ Vdeto @
trth
External trth
Power Vcc
05V <>
tw(por) @ Voltage detection 0
» circuit response time
Internal
reset signal
# » : A
1 3 BNV
foco-s foco-s
Notes:
1. Vdeto indicates the voltage detection level of the voltage detection O circuit. Refer to 6. Voltage Detection
Circuit for details.
2. tw(por) indicates the duration the external power Vcc must be held below the valid voltage (0.5 V) to enable
a power-on reset. When turning on the power after it falls with voltage monitor O reset disabled, maintain
tw(por) for 1 ms or more.

Figure 31.3  Power-on Reset Circuit Electrical Characteristics
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Table 31.11 High-speed On-Chip Oscillator Circuit Electrical Characteristics

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
- High-speed on-chip oscillator frequency after Vcc=18Vto55V 38.4 40 41.6 MHz
reset —20°C < Topr < 85°C
Vcc=18Vto55V 38.0 40 42.0 MHz
—40°C < Topr < 85°C
High-speed on-chip oscillator frequency when Vcc=18Vto55V 35.389 | 36.864 | 38.338 | MHz
the FRA4 register correction value is written into | —20°C < Topr < 85°C
the FRAL1 register and the FRAS register Vec=1.8Vt05.5V 35.020 | 36.864 |38.707 | MHz
correction value into the FRA3 register (2) —40°C < Topr < 85°C
High-speed on-chip oscillator frequency when Vcc=18Vto55V 30.72 32 33.28 | MHz
the FRAG register correction value is written into | —20°C < Topr < 85°C
the FRA1 register and the FRA7 register Vcc=1.8Vto5.5V 30.40 32 33.60 | MHz
correction value into the FRA3 register —40°C < Topr < 85°C
- Oscillation stability time Vcc =5.0V, Topr = 25°C - 0.5 3 ms
- Self power consumption at oscillation Vce =5.0V, Topr = 25°C - 400 - HA

Notes:
1. Vecc=1.8105.5V, Topr =20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.
2. This enables the setting errors of bit rates such as 9600 bps and 38400 bps to be 0% when the serial interface is used in

UART mode.

Table 31.12 Low-speed On-Chip Oscillator Circuit Electrical Characteristics

. Standard .

Symbol Parameter Condition - Unit
Min. Typ. Max.

fOCO-S Low-speed on-chip oscillator frequency 60 125 250 kHz

- Oscillation stability time Vcc =5.0V, Topr = 25°C - 30 100 us

- Self power consumption at oscillation Vcc =5.0V, Topr = 25°C - 2 - pA

Note:
1. Vcc=1.81t05.5V, Topr =—-20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.

Table 31.13 Power Supply Circuit Timing Characteristics

" Standard .
Symbol Parameter Condition - Unit
Min. | Typ. | Max.
td(P-R) Time for internal power supply stabilization during - - 2,000 | ps
power-on(2)
Notes:

1. The measurement condition is Vcc = 1.8 t0 5.5 V and Topr = 25°C.
2. Waiting time until the internal power supply generation circuit stabilizes during power-on.

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 RENESAS
Page 525 of 573



R8C/32C Group 31. Electrical Characteristics

Table 31.14 Timing Requirements of Synchronous Serial Communication Unit (SSU) @)

. Standard )
Symbol Parameter Conditions - Unit
Min. Typ. Max.
tsucyc SSCK clock cycle time 4 - - tcyc @
tHI SSCK clock “H” width 0.4 - 0.6 tsucyc
tLo SSCK clock “L” width 0.4 - 0.6 tsucyc
tRISE SSCK clock rising Master - - 1 tcyc (2
time Slave - - 1 us
tFALL SSCK clock falling Master - - 1 tcye (2
time Slave - - 1 us
tsu SSO, SSI data input setup time 100 - - ns
tH SSO, SSI data input hold time 1 - - tcyc (2
tLEAD SCS setup time Slave ltcyc + 50 - - ns
tLAG SCS hold time Slave ltcyc + 50 - - ns
top SSO, SSI data output delay time - - 1 tcyc (@
tsa SSI slave access time 27V<Vcc<55V - - 1.5tcyc + 100 ns
1.8V<Veec<27V - - 1.5tcyc + 200 ns
tor SSI slave out open time 27V<Vcc<55V - - 1.5tcyc + 100 ns
1.8V<Veec<27V - - 1.5tcyc + 200 ns
Notes:

1. Vcc=1.8t05.5V,Vss=0V and Topr = -20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.
2. 1tcyc = 1/f1(s)
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Figure 31.4 I/0 Timing of Synchronous Serial Communication Unit (SSU) (Master)
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Figure 31.6 I/0 Timing of Synchronous Serial Communication Unit (SSU) (Clock Synchronous
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Table 31.15 Timing Requirements of I12C bus Interface (1)

Symbol Parameter Condition - Standard Unit

Min. Typ. Max.
tscL SCL input cycle time 12tcyc + 600 (@ - - ns
tscLH SCL input “H” width 3tcyc + 300 @ - - ns
tscLL SCL input “L” width Stcyc + 500 (@) - - ns
tsf SCL, SDA input fall time - - 300 ns
tsp SCL, SDA input spike pulse rejection time - - ltcve (@) ns
tBUF SDA input bus-free time Stcyc (2) - - ns
tSTAH Start condition input hold time 3tcyc (2 - - ns
tsTAs Retransmit start condition input setup time 3tcyc @ - - ns
tstop Stop condition input setup time 3tcyc ) - - ns
tsbAs Data input setup time 1ltcyc + 40 - - ns
tSDAH Data input hold time 10 - - ns
Notes:

1. Vecc=1.8t05.5V,Vss=0V and Topr =20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.
2. 1tcyc = 1/fA(s)

SDA

tscLH
tstas

SCL

1
_ :Sl'(d -
o

tscL

[«— tSDAH

Notes:
1. Start condition
2. Stop condition
3. Retransmit start condition

Figure 31.7 I/0 Timing of I2C bus Interface
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Table 31.16 Electrical Characteristics (1) [4.2 V <Vcc <5.5V]

-, Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.
VoH Output “H” | Other than XOUT Drive capacity High Vcc =5V |loH =-20 mA | Vcc - 2.0 - Vce \%
voltage Drive capacity Low Vcc=5V [lon=-5mA | Vcc-2.0 - Vce \%
XOouT Vcc =5V loH =-200 pA 1.0 - Vce \%
VoL Output “L” | Other than XOUT Drive capacity High Vcc =5V |loL =20 mA - - 2.0 \%
voltage Drive capacity Low Vcc =5V [loL =5 mA - - 2.0 \%
XOouT Vcc =5V loL =200 pA - - 0.5 \%
VT+VT- | Hysteresis ||NTO, INTZ, INT3, 0.1 1.2 - \Y
K10, KI1, KI2, KI3,
TRAIO, TRBO,
TRCIOA, TRCIOB,
TRCIOC, TRCIOD,
TRCTRG,
TRCCLK, ADTRG,
RXDO, RXD2,
CLKO, CLK2,
SSI, SCL, SDA,
SSO
RESET 0.1 1.2 - \%
IiH Input “H” current VI=5V,Vcc=5.0V - - 5.0 pA
I Input “L” current VI=0V,Vcc=50V - - -5.0 pA
RpuLLuP | Pull-up resistance VI=0V,Vcc=50V 25 50 100 kQ
R#xIN Feedback | XIN - 0.3 - MQ
resistance
RfxcIN Feedback | XCIN - 8 - MQ
resistance
VRAM RAM hold voltage During stop mode 1.8 - - \%

Note:
1. 4.2V <Vcc<5.5Vand Topr=-20 to 85°C (N version) / —40 to 85°C (D version), f(XIN) = 20 MHz, unless otherwise specified.
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Table 31.17 Electrical Characteristics (2) [3.3V <Vcc <5.5V]
(Topr = —20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.)

- Standard .

Symbol Parameter Condition Min | Typ. | Max. Unit

Icc Power supply High-speed >|_(|I_Nh= 20 l\flez (Sﬁ_uare vylfivte) « - 6.5 15 mA
Igh-speea on-cnip oscillator o

current clock mode Low-speed on-chip oscillator on = 125 kHz

(Vcc=3.3t05.5V) No division

Single-chip mode, XIN = 16 MHz (square wave) - 5.3 125 mA
. High-speed on-chip oscillator off

output pins are Low-speed on-chip oscillator on = 125 kHz

open, other pins No division

are Vss XIN = 10 MHz (square wave) - 3.6 - mA

High-speed on-chip oscillator off

Low-speed on-chip oscillator on = 125 kHz

No division

XIN = 20 MHz (square wave) - 3.0 - mA

High-speed on-chip oscillator off

Low-speed on-chip oscillator on = 125 kHz

Divide-by-8

XIN = 16 MHz (square wave) - 2.2 - mA

High-speed on-chip oscillator off

Low-speed on-chip oscillator on = 125 kHz

Divide-by-8

XIN = 10 MHz (square wave) — 1.5 — mA

High-speed on-chip oscillator off

Low-speed on-chip oscillator on = 125 kHz

Divide-by-8

High-speed XIN clock off ] ] - 7.0 15 mA

on-chi High-speed on-chip oscillator on fOCO-F = 20 MHz

- p Low-speed on-chip oscillator on = 125 kHz
oscillator mode | No division

XIN clock off - 3.0 - mA
High-speed on-chip oscillator on fOCO-F = 20 MHz
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8
XIN clock off - 1 - mA
High-speed on-chip oscillator on fOCO-F = 4 MHz
Low-speed on-chip oscillator on = 125 kHz
Divide-by-16
MSTIIC = MSTTRD = MSTTRC =1
Low-speed XIN clock off ] ] - 90 400 pA
on-chi High-speed on-chip oscillator off

- p Low-speed on-chip oscillator on = 125 kHz
oscillator mode | Divide-by-8, FMR27 = 1, VCA20 = 0

Low-speed >H<!thlock chiff i lator off - 85 400 pA
igh-speed on-chip oscillator o

clock mode Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz

No division

FMR27 =1, VCA20 =0

XIN clock off - 47 - pA

High-speed on-chip oscillator off

Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz

No division

Program operation on RAM

Flash memory off, FMSTP = 1, VCA20 =0

Wait mode XIN clock off ] ] - 15 100 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock operation

VCA27 = VCA26 = VCA25=0

VCA20 =1

XIN clock off - 4 90 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock off

VCA27 = VCA26 = VCA25=0

VCA20=1

XIN clock off - 35 - pA
High-speed on-chip oscillator off

Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz (peripheral clock off)
While a WAIT instruction is executed

VCA27 = VCA26 = VCA25=0

VCA20 =1

Stop mode XIN clock off, Topr = 25°C - 2.0 5.0 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10=1

Peripheral clock off

VCA27 = VCA26 = VCA25 =0
XIN clock off, Topr = 85°C - 5.0 - pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10=1

Peripheral clock off

VCA27 =VCA26 =VCA25=0
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Timing Requirements
(Unless Otherwise Specified: Vcc =5V, Vss =0V at Topr = 25°C)

Table 31.18 External Clock Input (XOUT, XCIN)

Standard )
Symbol Parameter - Unit
Min. Max.
tc(xouT) XOUT input cycle time 50 - ns
tWH(XOUT) XOUT input “H” width 24 - ns
twL(xouT) XOUT input “L” width 24 - ns
te(XCIN) XCIN input cycle time 14 - us
TWH(XCIN) XCIN input “H” width 7 - us
tWL(XCIN) XCIN input “L” width 7 - us
. tC(XouT), tC(XCIN) R Vcc=5V
™ twH(xouT), ”
w tWH(XCIN) >
External Clock —
Input
. tWL(XOUT), tWL(XCIN)
< ?|
Figure 31.8 External Clock Input Timing Diagram when Vcc =5V
Table 31.19 TRAIO Input
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TRAIO) TRAIO input cycle time 100 - ns
tWH(TRAIO) TRAIO input “H” width 40 - ns
tWL(TRAIO) TRAIO input “L” width 40 - ns
P IC(TRAIO) R Vcc =5V
_ tWH(TRAIO)
TRAIO input
< tWL(TRAIO) >

Figure 31.9  TRAIO Input Timing Diagram when Vcc =5V
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R8C/32C Group

31. Electrical Characteristics

Table 31.20 Serial Interface

Standard .
Symbol Parameter - Unit
Min. Max.
tc(CK) CLKi input cycle time 200 - ns
tW(CKH) CLKi input “H” width 100 - ns
tW(CKL) CLKi input “L” width 100 - ns
td(Cc-Q) TXDi output delay time - 50 ns
th(C-Q) TXDi hold time 0 - ns
tsu(D-C) RXDi input setup time 50 - ns
th(C-D) RXDi input hold time 90 - ns
i=0,2
. tc(cK) s Vcc=5V
__ tw(CKH) >
CLKi
P twW(CKL) N
th(c-Q)
TXDi >< ><
I < (oxle) Y tsu(d-c th(c-D)
RXDi \*\
i=0,2
Figure 31.10 Serial Interface Timing Diagram when Vcc =5V
Table 31.21 External Interrupt INTi (i =0, 1, 3) Input, Key Input Interrupt Kli (i =0 to 3)
Standard )
Symbol Parameter - Unit
Min. Max.
tW(INH) INTi input “H” width, Kli input “H” width 250 - ns
tW(NL) INTi input “L” width, Kli input “L” width 250 - ns
Notes:

1. When selecting the digital filter by the INTi input filter select bit, use an INTi input HIGH width of either (1/digital filter clock

frequency x 3) or the minimum value of standard, whichever is greater.

2. When selecting the digital filter by the INTi input filter select bit, use an INTi input LOW width of either (1/digital filter clock

frequency x 3) or the minimum value of standard, whichever is greater.

Vcc =5V
INTi input t
(i=0,1,3) AE—
Kli input
(i=0to3) I« L >
Figure 31.11 Input Timing Diagram for External Interrupt INTi and Key Input Interrupt Kli when Vcc

=5V
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Table 31.22 Electrical Characteristics (3) [2.7 V< Vcc <4.2 V]

. Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.
VoH Output “H” voltage | Other than XOUT Drive capacity High | lon = -5 mA Vcec -0.5 - Vce \%
Drive capacity Low | loH = -1 mA Vcec -0.5 - Vce \%
XOouT loH = -200 pA 1.0 - Vce \%
VoL Output “L” voltage | Other than XOUT Drive capacity High | loL =5 mA - - 0.5 \%
Drive capacity Low |loL =1 mA - - 0.5 \%
XOouT loL =200 pA - - 0.5 \Y
VT+VT- | Hysteresis INTO, INTL, INT3, Vcc=3.0V 0.1 0.4 - \
KIO, KI1, KI2, KI3,
TRAIO, TRBO,
TRCIOA, TRCIOB,
TRCIOC, TRCIOD,
TRCTRG, TRCCLK,
ADTRG,
RXDO, RXD2,
CLKO, CLK2,
SSI, SCL, SDA, SSO
RESET Vcc=3.0V 0.1 0.5 - \Y
IH Input “H” current VI=3V,Vcc=3.0V - - 4.0 LA
I Input “L” current VI=0V,Vcc=3.0V - - -4.0 LA
RpuLLUP | Pull-up resistance VI=0V,Vcc=3.0V 42 84 168 kQ
R#xIN Feedback XIN - 0.3 - MQ
resistance
RfxcIN Feedback XCIN - 8 - MQ
resistance
VRAM RAM hold voltage During stop mode 1.8 - - \%

Note:
1. 2.7V <Vee<4.2Vand Topr =-20 to 85°C (N version) / —40 to 85°C (D version), f(XIN) = 10 MHz, unless otherwise specified.
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Table 31.23 Electrical Characteristics (4) [2.7 V <Vcc < 3.3 V]
(Topr = —20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.)

Standard
Symbol P 1 Conditi - Unit
ymbo arameter ondition Min | Typ. | Max. ni
Icc Power supply current | High-speed XIN =10 MHz (square wave) - 35 10 mA
(Vcc=2.7103.3V) | clock mode High-speed on-chip oscillator off_
; . Low-speed on-chip oscillator on = 125 kHz
Single-chip mode, No division
output pins are open, XIN = 10 MHz (square wave) - 15 | 75 | mA
other pins are Vss High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8
High-speed XIN clock off - 7.0 15 mA
on-chip High-speed on-chip oscillator on fOCO-F = 20 MHz

- Low-speed on-chip oscillator on = 125 kHz
oscillator mode | Ng division

XIN clock off - 3.0 - mA
High-speed on-chip oscillator on fOCO-F = 20 MHz
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8

XIN clock off - 4.0 - mA
High-speed on-chip oscillator on fOCO-F = 10 MHz
Low-speed on-chip oscillator on = 125 kHz

No division

XIN clock off - 15 - mA
High-speed on-chip oscillator on fOCO-F = 10 MHz
Low-speed on-chip oscillator on = 125 kHz
Divide-by-8

XIN clock off - 1 - mA
High-speed on-chip oscillator on fOCO-F = 4 MHz
Low-speed on-chip oscillator on = 125 kHz

Divide-by-16

MSTIIC = MSTTRD = MSTTRC =1
Low-speed XIN clock off ) ) - 90 390 pA
on-chip High-speed on-chip oscillator off

. Low-speed on-chip oscillator on = 125 kHz
oscillator mode | pivide-by-8, FMR27 = 1, VCA20 = 0

Low-speed XIN clock off - 80 400 pA
clock mode High-speed on-chip oscillator off
Low-speed on-chip oscillator off
XCIN clock oscillator on = 32 kHz
No division

FMR27 =1, VCA20=0

XIN clock off - 40 - pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz

No division

Program operation on RAM

Flash memory off, FMSTP =1, VCA20 =0

Wait mode XIN clock off - 15 90 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock operation

VCA27 =VCA26 = VCA25=0,VCA20=1

XIN clock off - 4 80 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock off

VCA27 =VCA26 =VCA25=0,VCA20=1

XIN clock off - 35 - pA
High-speed on-chip oscillator off

Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz (peripheral
clock off)

While a WAIT instruction is executed

VCA27 =VCA26 =VCA25=0,VCA20=1

Stop mode XIN clock off, Topr = 25°C - 2.0 5.0 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10=1

Peripheral clock off

VCA27 =VCA26 =VCA25=0

XIN clock off, Topr = 85°C - 5.0 - pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10=1

Peripheral clock off

VCA27 =VCA26 =VCA25=0
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Timing requirements
(Unless Otherwise Specified: Vcc =3V, Vss =0V at Topr = 25°C)

Table 31.24 External Clock Input (XOUT, XCIN)

Standard )
Symbol Parameter - Unit
Min. Max.
tc(xouT) XOUT input cycle time 50 - ns
tWH(XOUT) XOUT input “H” width 24 - ns
twL(XouT) XOUT input “L” width 24 - ns
te(XCIN) XCIN input cycle time 14 - us
TWH(XCIN) XCIN input “H” width 7 - us
tWL(XCIN) XCIN input “L” width 7 - us
. tc(XxouT), tC(XCIN) X Vcc =3V
" twH(XOUT), ”
| (WHXCIN)
External Clock )
input
TWL(XOUT), tWL(XCIN) R
>
Figure 31.12 External Clock Input Timing Diagram when Vcc =3V
Table 31.25 TRAIO Input
Standard )
Symbol Parameter - Unit
Min. Max.
tc(TRAIO) TRAIO input cycle time 300 - ns
tWH(TRAIO) TRAIO input “H” width 120 - ns
tWL(TRAIO) TRAIO input “L” width 120 - ns
{C(TRAIO) Vcc=3V

>3
<

| tWH(TRAIO)

TRAIO input

tWL(TRAIO)

< N
< >

Figure 31.13 TRAIO Input Timing Diagram when Vcc =3V
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Table 31.26 Serial Interface

Standard .
Symbol Parameter - Unit
Min. Max.
tc(CK) CLKi input cycle time 300 - ns
tW(CKH) CLKi input “H” width 150 - ns
tW(CKL) CLKi Input “L” width 150 - ns
td(Cc-Q) TXDi output delay time - 80 ns
th(C-Q) TXDi hold time 0 - ns
tsu(D-C) RXDi input setup time 70 - ns
th(C-D) RXDi input hold time 90 - ns
i=0,2
¢ teek) > Vcc =3V
__ tw(CKH) >
CLKi
P tw(CKL) N
th(c-Q)
TXDi >< ><
I [(<o) B tsu(D-c th(c-D)
RXDi \*\
i=0,2

Figure 31.14 Serial Interface Timing Diagram when Vcc =3V

Table 31.27 External Interrupt INTi (i = 0, 1, 3) Input, Key Input Interrupt Kli (i=0to 3)

Standard .
Symbol Parameter - Unit
Min. Max.
tW(INH) INTi input “H” width, KIi input “H” width 3801 - ns
tW(NL) INTi input “L” width, Kli input “L” width 38002 - ns

Notes:
1. When selecting the digital filter by the INTi input filter select bit, use an INTi input HIGH width of either (1/digital filter clock
frequency x 3) or the minimum value of standard, whichever is greater.
2. When selecting the digital filter by the INTi input filter select bit, use an INTi input LOW width of either (1/digital filter clock
frequency x 3) or the minimum value of standard, whichever is greater.

INTi input i Vcc =3V
(=01, 3) i

Kii nput tW(INH

(i=0to3) I« = >

Figure 31.15 Input Timing Diagram for External Interrupt INTi and Key Input Interrupt Kli when Vcc
=3V
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R8C/32C Group

31. Electrical Characteristics

Table 31.28 Electrical Characteristics (5) [1.8 V <Vcc < 2.7 V]

. Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.
VoH Output “H” voltage | Other than XOUT Drive capacity High | loH = -2 mA Vcc -0.5 - Vce \%
Drive capacity Low |loH =-1 mA Vcc -0.5 - Vce \%
XOouT loH = -200 pA 1.0 - Vce \%
VoL Output “L” voltage | Other than XOUT Drive capacity High | loL =2 mA - - 0.5 \%
Drive capacity Low |loL=1mA - - 0.5 \%
XOouT loL =200 pA - - 0.5 \Y
VT+VT- | Hysteresis INTO, INTL, INT3, 0.05 0.2 - \Y
KIO, KI1, KI2, KI3,
TRAIO, TRBO,
TRCIOA, TRCIOB,
TRCIOC, TRCIOD,
TRCTRG, TRCCLK,
ADTRG,
RXDO, RXD2,
CLKO, CLK2,
SSI, SCL, SDA, SSO
RESET 0.05 0.20 - \Y
IH Input “H” current VI=22V,Vcc=22V - - 4.0 LA
I Input “L” current VI=0V,Vcc=22V - - -4.0 LA
RpuLLUP | Pull-up resistance VI=0V,Vcc=22V 70 140 300 kQ
R#xIN Feedback XIN - 0.3 - MQ
resistance
RfxcIN Feedback XCIN - 8 - MQ
resistance
VRAM RAM hold voltage During stop mode 1.8 - - \%
Note:

1. 1.8V <Vcec<2.7V at Topr =-20 to 85°C (N version) / —40 to 85°C (D version), f(XIN) =5 MHz, unless otherwise specified.
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Table 31.29 Electrical Characteristics (6) [1.8 V< Vcc <2.7 V]
(Topr = —20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.)

Standard
Symbol P t Conditi - Unit
ymbo arameter ondition Min. | Typ. | Max. |

Icc Power supply current | High-speed XIN =5 MHz (square wave) - 2.2 - mA

(Vcc=1.8t02.7V) |clock mode High-speed on-chip oscillator off
Single-chip mode Low-speed on-chip oscillator on = 125 kHz

tout pins ar N No division
output pins are open, XIN = 5 MHz (square wave) ~— 08 | - | mA
other pins are Vss

High-speed on-chip oscillator off

Low-speed on-chip oscillator on = 125 kHz

Divide-by-8

High-speed XIN clock off - 25 10 mA

on-chip High-speed on-chip oscillator on fOCO-F = 5 MHz
Low-speed on-chip oscillator on = 125 kHz

No division

XIN clock off - 1.7 - mA

High-speed on-chip oscillator on fOCO-F = 5 MHz

Low-speed on-chip oscillator on = 125 kHz

Divide-by-8

XIN clock off - 1 - mA

High-speed on-chip oscillator on fOCO-F = 4 MHz

Low-speed on-chip oscillator on = 125 kHz

Divide-by-16

MSTIIC = MSTTRD = MSTTRC =1

Low-speed on- | XIN clock off - 90 300 pA

chip oscillator | High-speed on-chip oscillator off

mode Low-speed on-chip oscillator on = 125 kHz
Divide-by-8, FMR27 = 1, VCA20 = 0

Low-speed XIN clock off - 80 350 pA
clock mode High-speed on-chip oscillator off
Low-speed on-chip oscillator off
XCIN clock oscillator on = 32 kHz
No division

FMR27 =1, VCA20=0

XIN clock off - 40 - pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz

No division

Program operation on RAM

Flash memory off, FMSTP =1, VCA20 =0

Wait mode XIN clock off - 15 920 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock operation

VCA27 =VCA26 =VCA25=0

VCA20=1

XIN clock off - 4 80 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator on = 125 kHz
While a WAIT instruction is executed
Peripheral clock off

VCA27 = VCA26 =VCA25=0

VCA20=1

XIN clock off - 35 - pA
High-speed on-chip oscillator off

Low-speed on-chip oscillator off

XCIN clock oscillator on = 32 kHz (peripheral
clock off)

While a WAIT instruction is executed

VCA27 = VCA26 = VCA25 =0

VCA20=1

Stop mode XIN clock off, Topr = 25°C - 2.0 5 pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10=1

Peripheral clock off

VCA27 = VCA26 =VCA25=0

XIN clock off, Topr = 85°C - 5.0 - pA
High-speed on-chip oscillator off
Low-speed on-chip oscillator off
CM10 =1

Peripheral clock off

VCA27 = VCA26 = VCA25 =0

oscillator
mode
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Timing requirements
(Unless Otherwise Specified: Vcc =2.2V,Vss =0V at Topr = 25°C)

Table 31.30 External Clock Input (XOUT, XCIN)

Standard )
Symbol Parameter - Unit
Min. Max.
tc(xouT) XOUT input cycle time 200 - ns
tWH(XOUT) XOUT input “H” width 90 - ns
twL(XouT) XOUT input “L” width 90 - ns
te(XCIN) XCIN input cycle time 14 - us
TWH(XCIN) XCIN input “H” width 7 - us
tWL(XCIN) XCIN input “L” width 7 - us
_ tc(xouT), tC(XCIN) = Vce =22V
[ twH(XOUT), ”
| TWH(XCIN)
External Clock A
input
_ TWL(XOUT), tWL(XCIN) R
< g
Figure 31.16 External Clock Input Timing Diagram when Vcc =2.2V
Table 31.31 TRAIO Input
Standard .
Symbol Parameter - Unit
Min. Max.
tc(TRAIO) TRAIO input cycle time 500 - ns
tWH(TRAIO) TRAIO input “H” width 200 - ns
tWL(TRAIO) TRAIO input “L” width 200 - ns
P tC(TRAIO) R Vce=2.2V

| tWH(TRAIO)

TRAIO input

tWL(TRAIO)

<
<

Figure 31.17 TRAIO Input Timing Diagram when Vcc =2.2V
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Table 31.32 Serial Interface

Standard .
Symbol Parameter - Unit
Min. Max.
tc(CK) CLKi input cycle time 800 - ns
tW(CKH) CLKi input “H” width 400 - ns
tW(CKL) CLKi input “L” width 400 - ns
td(Cc-Q) TXDi output delay time - 200 ns
th(C-Q) TXDi hold time 0 - ns
tsu(D-C) RXDi input setup time 150 - ns
th(C-D) RXDi input hold time 90 - ns
i=0,2
P tc(cK) R Vcc=22V
w tW(CKH) >
CLKi
_ tW(CKL)
th(c-Q)
TXDi >< ><
_ tdcQ) = tsu(D-C) th(c-D)
RXDi \*\
i=0,2

Figure 31.18 Serial Interface Timing Diagram when Vcc =2.2V

Table 31.33 External Interrupt INTi (i =0, 1, 3) Input, Key Input Interrupt ﬁ (i=0to 3)

Standard )
Symbol Parameter - Unit
Min. Max.
tW(INH) INTi input “H” width, Kli input “H” width 1000 @ - ns
tW(INL) INTi input “L” width, Kli input “L” width 1000 @ - ns

Notes:
1. When selecting the digital filter by the INTi input filter select bit, use an INTi input HIGH width of either (1/digital filter clock
frequency x 3) or the minimum value of standard, whichever is greater.
2. When selecting the digital filter by the INTi input filter select bit, use an INTi input LOW width of either (1/digital filter clock
frequency x 3) or the minimum value of standard, whichever is greater.

TN input Vcc=22V

(i=0,1,3)

Kii input tW(INH)
(i=0to3) [€ >|

TW(INL;

Figure 31.19 Input Timing for External Interrupt INTi and Key Input Interrupt Kli when Vec = 2.2 V
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32. Usage Notes
32.1 Notes on Clock Generation Circuit

32.1.1 Stop Mode

To enter stop mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and then the
CM10 bit in the CM1 register to 1 (stop mode). An instruction queue pre-reads 4 bytes from the instruction
which sets the CM 10 bit to 1 (stop mode) and the program stops.

Insert at least four NOP instructions following the IMP.B instruction after the instruction which sets the CM10
bit to 1.

¢ Program example to enter stop mode

BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
BSET 0,PRCR ; Writing to CM 1 register enabled
FSET I ; Interrupt enabled
BSET 0,CM1 ; Stop mode
JMP.B LABEL_001

LABEL_001:
NOP
NOP
NOP
NOP

32.1.2 Wait Mode

To enter wait mode by setting the CM 30 bit to 1, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite
mode disabled) before setting the CM30 bit to 1.

To enter wait mode with the WAIT instruction, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode
disabled) and then execute the WAIT instruction. An instruction queue pre-reads 4 bytes from the instruction to
set the CM 30 bit to 1 (MCU enters wait mode) or the WAIT instruction, and then the program stops. Insert at
least four NOP instructions after the instruction to set the CM 30 bit to 1 (MCU enters wait mode) or the WAIT
instruction.

¢ Program example to execute the WAIT instruction

BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
FSET I ; Interrupt enabled
WAIT ; Wait mode
NOP
NOP
NOP
NOP
¢ Program example to execute the instruction to set the CM 30 bit to 1
BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
BSET 0, PRCR ; Writing to CM 3 register enabled
FCLR I ; Interrupt disabled
BSET 0,CM3 ; Wait mode
NOP
NOP
NOP
NOP
BCLR 0, PRCR ; Writing to CM 1 register disabled
FSET I ; Interrupt enabled
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32.1.3 Oscillation Stop Detection Function

Since the oscillation stop detection function cannot be used if the XIN clock frequency isbelow 2 MHz, set bits
OCD1 to OCDO to 00b.

32.1.4 Oscillation Circuit Constants

Consult the oscillator manufacturer to determine the optimal oscillation circuit constants for the user system.
To use the MCU with supply voltage below VCC = 2.7 V, it is recommended to set the CM 11 bit in the CM1
register to 1 (on-chip feedback resistor disabled) and connect the feedback resistor to the chip externally.
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32.2 Notes on Interrupts

32.2.1 Reading Address 00000h
Do not read address 00000h by a program. When a maskabl e interrupt request is acknowledged, the CPU reads
interrupt information (interrupt number and interrupt request level) from 00000h in the interrupt sequence. At
thistime, the IR bit for the acknowledged interrupt is set to 0.
If address 00000 is read by a program, the IR bit for the interrupt which has the highest priority among the
enabled interrupts is set to 0. This may cause the interrupt to be canceled, or an unexpected interrupt to be
generated.

32.2.2 SP Setting

Set avalue in the SP before an interrupt is acknowledged. The SP is set to 0000h after areset. If an interrupt is
acknowledged before setting a value in the SP, the program may run out of control.

32.2.3 External Interrupt and Key Input Interrupt

Either the “L” level width or “H" level width shown in the Electrical Characteristics is required for the signal
input to pins INTO, INTZ1, INT3 and pins K10 to K13, regardless of the CPU clock.

For details, refer to Table 31.21 (VCC = 5V), Table 31.27 (VCC = 3V), Table 31.33 (VCC = 2.2V) External
Interrupt INTi (i =0, 1, 3) Input, Key Input Interrupt Kli (i =0to 3).
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32.2.4 Changing Interrupt Sources

The IR bit in the interrupt control register may be set to 1 (interrupt requested) when the interrupt source
changes. To use an interrupt, set the IR bit to 0 (no interrupt requested) after changing interrupt sources.
Changing interrupt sources as referred to here includes all factors that change the source, polarity, or timing of
the interrupt assigned to a software interrupt number. Therefore, if a mode change of a peripheral function
involves the source, polarity, or timing of an interrupt, set the IR bit to O (no interrupt requested) after making
these changes. Refer to the descriptions of the individual peripheral functions for related interrupts.

Figure 32.1 shows a Procedure Example for Changing Interrupt Sources.

( Interrupt source change >

Disable interrupts 3

Change interrupt sources
(including mode of peripheral function)

Set the IR bit to 0 (no interrupt request)
using the MOV instruction ®

Enable interrupts ¢ 3

|
< Change completed >

IR bit: The interrupt control register bit for the interrupt whose source is to be changed

Notes:

1. The above settings must be executed individually. Do not execute two or more settings
simultaneously (using one instruction).

2. To prevent interrupt requests from being generated, disable the peripheral function
before changing the interrupt source. In this case, use the | flag if all maskable
interrupts can be disabled.

If all maskable interrupts cannot be disabled, use bits ILVLO to ILVL2 for the interrupt
whose source is to be changed.

3. To change the interrupt source to the input with the digital filter used, wait for three or
more cycles of the sampling clock of the digital filter before setting the IR bit to 0 (no
interrupt request). Refer to 11.8.5 Rewriting Interrupt Control Register for the
instructions to use and related notes.

Figure 32.1 Procedure Example for Changing Interrupt Sources
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32.2.5 Rewriting Interrupt Control Register

(@ The contents of the interrupt control register can be rewritten only while no interrupt requests
corresponding to that register are generated. If an interrupt request may be generated, disable the interrupt
before rewriting the contents of the interrupt control register.

(b) When rewriting the contents of the interrupt control register after disabling the interrupt, be careful to
choose appropriate instructions.
Changing any bit other than the IR bit
If an interrupt request corresponding to the register is generated while executing the instruction, the IR bit
may not be set to 1 (interrupt requested), and the interrupt may be ignored. If this causes a problem, use one
of the following instructions to rewrite the contents of the register: AND, OR, BCLR, and BSET.

Changing the IR bit
Depending on the instruction used, the IR bit may not be set to 0 (no interrupt requested).
Use the MOV instruction to set the IR bit to O.

(c) Whenusing thel flag to disable an interrupt, set the | flag as shown in the sample programs below. Refer to
(b) regarding rewriting the contents of interrupt control registers using the sample programs.

Examples 1 to 3 shows how to prevent the | flag from being set to 1 (interrupts enabled) before the contents of
the interrupt control register are rewritten for the effects of the internal bus and the instruction queue buffer.

Examplel: Usethe NOP instructionsto pause program until theinterrupt control register isrewritten

INT_SWITCH1:
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRAIC register to 00h
NOP ;
NOP
FSET I ; Enable interrupts
Example2: Useadummy read to delay the FSET instruction
INT_SWITCH2:
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRAIC register to 00h
MOV.W MEM,RO ; Dummy read
FSET I ; Enable interrupts
Example3: Usethe POPC instruction to changethel flag
INT_SWITCHS3:
PUSHC FLG
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRAIC register to 00h
POPC FLG ; Enable interrupts
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32.3 Notes on ID Code Areas

32.3.1 Setting Example of ID Code Areas

The ID code areas are alocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program. The following shows a setting example.

* To set 55h in al of the ID code areas
.org OOFFDCH
Jword dummy | (55000000h) ; UND
Jword dummy | (55000000h) ; INTO
Jword dummy ; BREAK
Jword dummy | (55000000h) ; ADDRESS MATCH
Jword dummy | (55000000h) ; SET SINGLE STEP
Jword dummy | (55000000h) ; WDT
Jword dummy | (55000000h) ; ADDRESS BREAK
Jword dummy | (55000000h) ; RESERVE
(Programming formats vary depending on the compiler. Check the compiler manual.)

32.4 Notes on Option Function Select Area

32.4.1 Setting Example of Option Function Select Area

The option function select areais allocated in the flash memory, not in the SFRs. Set appropriate values as
ROM data by a program. The following shows a setting example.

* To set FFhin the OFS register
.org OOFFFCH
Jword reset | (OFFO00000h)  ; RESET
(Programming formats vary depending on the compiler. Check the compiler manual.)

* To set FFh in the OFS2 register
.org OOFFDBH
.byte OFFh
(Programming formats vary depending on the compiler. Check the compiler manual.)

REJ09B0573-0100 Rev.1.00 Dec. 18, 2009 :{ENESAS
Page 548 of 573



R8C/32C Group 32. Usage Notes

32.5 Notes on DTC

325.1 DTC activation source

* Do not generate any DTC activation sources before entering wait mode or during wait mode.
* Do not generate any DTC activation sources before entering stop mode or during stop mode.

32.5.2 DTCENi (i=0to 3, 5, 6) Registers

* Modify bits DTCENIiO to DTCENi1, DTCENi3 to DTCENI7 only while an interrupt request corresponding to
the bit is not generated.

* When the interrupt source flag in the status register for the peripheral function is 1, do not modify the
corresponding activation source bit among bits DTCENIO to DTCENi1, DTCENi3 to DTCENI7.

* Do not access the DTCENI registersusing DTC transfers.

32.5.3 Peripheral Modules

* Do not set the status register bit for the peripheral functionto O using aDTC transfer.

* When the DTC activation source is SSU/I2C bus receive data full, read the SSRDR register/the ICDRR
register using aDTC transfer.

The RDRF bit in the SSSR register/the ICSR register is set to 0 (no datain SSRDR/ICDRR register) by
reading the SSRDR register/the ICDRR register.
However, the RDRF bit is not set to 0 by reading the SSRDR register/the ICDRR register when the DTC data
transfer setting is either of the following:
- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCR]j register value to change from 1 to 0 while the RPTINT bit in the DTCCR;j
register is 1 (interrupt generation enabled) in repeat mode.

» When the DTC activation source is SSU/I2C bus transmit data empty, write to the SSTDR register/the ICDRT
register using a DTC transfer. The TDRE bit in the SSSR register/the ICSR register is set to 0 (data is not
transferred from registers SSTDR/ICDRT to SSTRSR/ICDRS) by writing to the SSTDR register/the ICDRT
register.

32.5.4 Interrupt Request

No interrupt is generated for the CPU during DTC operation in any of the following cases:

- When the DTC activation source is SSU/I2C transmit data empty or flash ready status

- When performing the data transfer causing the DTCCT] (j = 0 to 23) register value to change to 0 in nhormal
mode

- When performing the data transfer causing the DTCCR;j register value to change to 0 while the RPTINT bit in
the DTCCR] register is 1 (interrupt generation enabled) in repeat mode
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32.6 Notes on Timer RA

* Timer RA stops counting after a reset. Set the values in the timer RA and timer RA prescalers before the count
starts.

* Even if the prescaler and timer RA are read out in 16-bit units, these registers are read 1 byte at a time by the
MCU. Consequently, the timer value may be updated during the period when these two registers are being read.

* |n pulse width measurement mode and pul se period measurement mode, bits TEDGF and TUNDF in the TRACR

register can be set to 0 by writing 0 to these bits by a program. However, these bits remain unchanged if 1is

written. When using the READ-MODIFY-WRITE instruction for the TRACR register, the TEDGF or TUNDF

bit may be set to 0 although these bits are set to 1 while the instruction is being executed. In this case, write 1 to

the TEDGF or TUNDF bit which is not supposed to be set to 0 with the MOV instruction.

When changing to pulse period measurement mode from another mode, the contents of bits TEDGF and TUNDF

are undefined. Write 0 to bits TEDGF and TUNDF before the count starts.

The TEDGF bit may be set to 1 by the first timer RA prescaler underflow generated after the count starts.

* When using the pulse period measurement mode, leave two or more periods of the timer RA prescaler

immediately after the count starts, then set the TEDGF bit to 0.

The TCSTF hit retains 0 (count stops) for 0 to 1 cycle of the count source after setting the TSTART bit to 1 (count

starts) while the count is stopped.

During this time, do not access registers associated with timer RA (1) other than the TCSTF bit. Timer RA starts

counting at the first valid edge of the count source after the TCSTF bit is set to 1 (during count).

The TCSTF bit remains 1 for 0 to 1 cycle of the count source after setting the TSTART bit to O (count stops)

while the count isin progress. Timer RA counting is stopped when the TCSTF bit is set to 0.

During thistime, do not access registers associated with timer RA (1) other than the TCSTF bit.

Note:
1. Registers associated with timer RA: TRACR, TRAIOC, TRAMR, TRAPRE, and TRA.

When the TRAPRE register is continuously written during count operation (TCSTF bit is set to 1), allow three or
more cycles of the count source clock for each write interval.

When the TRA register is continuously written during count operation (TCSTF bit is set to 1), alow three or
more cycles of the prescaler underflow for each write interval.
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32.7 Notes on Timer RB

* Timer RB stops counting after a reset. Set the values in the timer RB and timer RB prescalers before the count
starts.

* Evenif the prescaler and timer RB isread out in 16-bit units, these registers are read 1 byte at atime by the MCU.
Consequently, the timer value may be updated during the period when these two registers are being read.

* |n programmabl e one-shot generation mode and programmable wait one-shot generation mode, when setting the

TSTART bit in the TRBCR register to 0 (stops counting) or setting the TOSSP hit in the TRBOCR register to 1

(stops one-shot), the timer reloads the value of reload register and stops. Therefore, in programmable one-shot

generation mode and programmable wait one-shot generation mode, read the timer count value before the timer

stops.

The TCSTF hit remains 0 (count stops) for 1 to 2 cycles of the count source after setting the TSTART bit to 1

(count starts) while the count is stopped.

During this time, do not access registers associated with timer RB (1 other than the TCSTF bit. Timer RB starts

counting at the first valid edge of the count source after the TCSTF bit is set to 1 (during count).

The TCSTF bit remains 1 for 1 to 2 cycles of the count source after setting the TSTART hit to 0 (count stops)

while the count isin progress. Timer RB counting is stopped when the TCSTF bit isset to 0.

During thistime, do not access registers associated with timer RB (1) other than the TCSTF bit.

Note:
1. Registers associated with timer RB: TRBCR, TRBOCR, TRBIOC, TRBMR, TRBPRE, TRBSC, and
TRBPR.

If the TSTOP hit in the TRBCR register is set to 1 during timer operation, timer RB stopsimmediately.

If 1iswritten to the TOSST or TOSSP bit in the TRBOCR register, the value of the TOSSTF bit changes after
one or two cycles of the count source have elapsed. If the TOSSP bit is written to 1 during the period between
when the TOSST bit iswritten to 1 and when the TOSSTF bit is set to 1, the TOSSTF bit may be set to either O or
1 depending on the content state. Likewise, if the TOSST bit is written to 1 during the period between when the
TOSSP bit iswritten to 1 and when the TOSSTF hit is set to 0, the TOSSTF bit may be set to either O or 1.

* To use the underflow signal of timer RA as the count source for timer RB, set timer RA in timer mode, pulse
output mode, or event count mode.

32.7.1 Timer Mode
To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to
1), note the following points:
* When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
write interval.
* When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.
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32.7.2 Programmable Waveform Generation Mode
To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to
1), note the following points:

* When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

* When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow for
each write interval.

32.7.3 Programmable One-shot Generation Mode
To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to
1), note the following points:

* \When the TRBPRE register iswritten continuously during count operation (TCSTF bit is set to 1), allow three
or more cycles of the count source for each write interval.

* When the TRBPR register is written continuously during count operation (TCSTF bit is set to 1), allow three
or more cycles of the prescaler underflow for each write interval.

32.7.4 Programmable Wait One-shot Generation Mode
To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to
1), note the following points:
* When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
write interval.
* When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.
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32.8 Notes on Timer RC

32.8.1 TRC Register

* The following note applies when the CCLR hit in the TRCCR1 register is set to 1 (clear TRC register at
compare match with TRCGRA register).
When using a program to write a value to the TRC register while the TSTART bit in the TRCMR register is
set to 1 (count starts), ensure that the write does not overlap with the timing with which the TRC register is set
to 0000h.
If the timing of the write to the TRC register and the setting of the TRC register to 0000h coincide, the write
value will not be written to the TRC register and the TRC register will be set to 0000h.

* Reading from the TRC register immediately after writing to it can result in the value previous to the write
being read out. To prevent this, execute the IMP.B instruction between the read and the write instructions.

Program Example MOV.W #XXXXh, TRC ;\Write
JMP.B L1 ;JMP.B instruction
L1 MOV.W TRC,DATA ;Read

32.8.2 TRCSR Register

Reading from the TRCSR register immediately after writing to it can result in the value previous to the write
being read out. To prevent this, execute the IMP.B instruction between the read and the write instructions.

Program Example MOV.B #XXh, TRCSR \Write
JMP.B L1 ;JMP.B instruction
L1 MOV.B TRCSR,DATA ;Read

32.8.3 TRCCRI1 Register

To set bits TCK2 to TCKO in the TRCCRL1 register to 111b (fOCO-F), set fOCO-F to the clock frequency
higher than the CPU clock frequency.

32.8.4 Count Source Switching

* Stop the count before switching the count source.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

» After switching the count source from fOCO40M to another clock, alow a minimum of two cycles of f1 to
elapse after changing the clock setting before stopping fOCO40M.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

(3) Wait for aminimum of two cycles of f1.

(4) Set the FRAQO bit in the FRAO register to 0 (high-speed on-chip oscillator off).
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* After switching the count source from fOCO-F to fOCO40M, alow a minimum of two cycles of fOCO-F to
elapse after changing the clock setting before stopping fOCO-F.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

(3) Wait for aminimum of two cycles of fOCO-F.

(4) Set the FRAQO bit in the FRAO register to 0 (high-speed on-chip oscillator off).

 After switching the count source from fOCO-F to a clock other than fOCO40M, alow a minimum of one
cycle of fOCO-F + fOCO40M to elapse after changing the clock setting before stopping fOCO-F.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

(3) Wait for aminimum of one cycle of fOCO-F + fOCO40M.

(4) Set the FRAQO bit in the FRAO register to 0 (high-speed on-chip oscillator off).

32.8.5 Input Capture Function

* Set the pulse width of the input capture signal as follows:
[When the digital filter is not used)]
Three or more cycles of the timer RC operation clock (refer to Table 19.1 Timer RC Operation Clock).
[When the digital filter is used)]
Five cycles of the digital filter sampling clock + three cycles of the timer RC operating clock, minimum (refer
to Figure 19.5 Digital Filter Block Diagram)

* The value of the TRC register is transferred to the TRCGRj register one or two cycles of the timer RC
operation clock after the input capture signal is input to the TRCIQj (j = A, B, C, or D) pin (when the digital
filter function is not used).

32.8.6 TRCMR Register in PWM2 Mode

When the CSEL bit in the TRCCR2 register is set to 1 (count stops at compare match with the TRCGRA
register), do not set the TRCMR register at compare match timing of registers TRC and TRCGRA.

32.8.7 Count Source fOCO40M

The count source fOCO40M can be used with supply voltage VCC = 2.7 to 5.5 V. For supply voltage other than
that, do not set bits TCK2 to TCKO0 in the TRCCRL register to 110b (select fOCO40M as the count source).
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32.9 Notes on Timer RE

32.9.1 Starting and Stopping Count

Timer RE has the TSTART hit for instructing the count to start or stop, and the TCSTF bit, which indicates
count start or stop. Bits TSTART and TCSTF arein the TRECRL register.

Timer RE starts counting and the TCSTF bit is set to 1 (count starts) when the TSTART bit is set to 1 (count
starts). It takes up to 2 cycles of the count source until the TCSTF bit is set to 1 after setting the TSTART bhit to
1. During this time, do not access registers associated with timer RE (1) other than the TCSTF bit.

Also, timer RE stops counting when setting the TSTART bit to O (count stops) and the TCSTF bitissetto 0
(count stops). It takes the time for up to 2 cycles of the count source until the TCSTF hit is set to O after setting
the TSTART bhit to 0. During this time, do not access registers associated with timer RE other than the TCSTF
bit.

Note:
1. Registers associated with timer RE: TRESEC, TREMIN, TREHR, TREWK, TRECR1, TRECRZ2, and
TRECSR.

32.9.2 Register Setting

Write to the following registers or bits when timer RE is stopped.
* Registers TRESEC, TREMIN, TREHR, TREWK, and TRECR2
* BitsH12 H24, PM, and INT in TRECRL1 register

* Bits RCS0 to RCS3 in TRECSR register
Timer RE is stopped when bits TSTART and TCSTF in the TRECRL register are set to O (timer RE stopped).

Also, set all above-mentioned registers and bits (immediately before timer RE count starts) before setting the
TRECR2 register.
Figure 32.2 shows a Setting Example in Real-Time Clock Mode.
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v

| TSTART in TRECR1 =0

> Stop timer RE operation
TCSTF in TRECR1 = 0?

-/
TREIC « 00h
(disable timer RE interrupt)
, + —
|  TRERSTInTRECR1=1 |
+ \ Timer RE register
and control circuit reset
| TRERSTInTRECR1=0 | D
Y -
Setting of registers TRECSR, Select clock output
TRESEC, TREMIN, TREHR, \ Select clock source
TREWK, and bits H12_H24, PM, Seconds, minutes, hours, days of week, operating mode
and INT in TRECRL1 register Set a.m./p.m., interrupt timing
J—

v

Setting of TRECR2 | } Select interrupt source

v

Setting of TREIC (IR bit « 0,
select interrupt priority level)

v

TSTART in TRECR1 =1

> Start timer RE operation

Figure 32.2  Setting Example in Real-Time Clock Mode
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32.9.3 Time Reading Procedure of Real-Time Clock Mode

In real-time clock mode, read registers TRESEC, TREMIN, TREHR, and TREWK when time data is updated
and read the PM bit in the TRECRL register when the BSY bit is set to O (not while data is updated).

Also, when reading several registers, an incorrect time will be read if data is updated before another register is
read after reading any register.

In order to prevent this, use the reading procedure shown below.

e Using an interrupt
Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECR1 register in the timer RE interrupt routine.

* Monitoring with aprogram 1
Monitor the IR bit in the TREIC register with a program and read necessary contents of registers TRESEC,
TREMIN, TREHR, and TREWK and the PM bit in the TRECRL1 register after the IR bit in the TREIC register
isset to 1 (timer RE interrupt request generated).

* Monitoring with a program 2

(1) Monitor the BSY bit.

(2) Monitor until the BSY bit is set to O after the BSY bit is set to 1 (approximately 62.5 mswhile the BSY hit
issetto 1).

(3) Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRLI register after the BSY bitissetto 0.

 Using read results if they are the same value twice
(1) Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRL register.
(2) Read the sameregister as (1) and compare the contents.
(3) Recognize as the correct value if the contents match. If the contents do not match, repeat until the read
contents match with the previous contents.
Also, when reading several registers, read them as continuously as possible.
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32.10 Notes on Serial Interface (UARTO)

* When reading data from the UORB register either in clock synchronous serial 1/0 mode or in clock asynchronous

serial 1/0 mode, aways read datain 16-bit units.
When the high-order byte of the UORB register is read, bits PER and FER in the UORB register and the RI bit in

the UOC1 register are set to 0.
To check receive errors, read the UORB register and then use the read data.

Program example to read the receive buffer register:
MOV.W 00A6H,RO ; Read the UORB register

* When writing data to the UOTB register in clock asynchronous seria 1/0O mode with 9-bit transfer data length,
write data to the high-order byte first and then the low-order byte, in 8-bit units.

Program example to write to the transmit buffer register:
MOV.B #XXH,00A3H ; Writeto the high-order byte of the UOTB register
MOV.B #XXH,00A2H ; Writeto the low-order byte of the UOTB register
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32.11 Notes on Serial Interface (UART2)
32.11.1 Clock Synchronous Serial I/0 Mode

32.11.1.1 Transmission/Reception

When the RTS function is used with an external clock, the RTS2 pin outputs “L,” which informs the
transmitting side that the MCU is ready for a receive operation. The RTS2 pin outputs “H” when areceive
operation starts. Therefore, the transmit timing and receive timing can be synchronized by connecting the RTS2
pin to the CTS2 pin of the transmitting side. The RTS function is disabled when an internal clock is selected.

32.11.1.2 Transmission

If an external clock is selected, the following conditions must be met while the external clock is held high when
the CKPOL hit in the U2CO register is set to O (transmit data output at the falling edge and receive datainput at
the rising edge of the transfer clock), or while the external clock is held low when the CKPOL bit is set to 1
(transmit data output at the rising edge and receive data input at the falling edge of the transfer clock).

* The TE bit in the U2C1 register = 1 (transmission enabled)

* The Tl bit in the U2C1 register = 0 (data present in the U2TB register)

* If the CTS function is selected, input on the CTS2 pin = “L”

32.11.1.3 Reception

In clock synchronous serial 1/0 mode, the shift clock is generated by activating the transmitter. Set the UART2-
associated registers for transmit operation even if the MCU is used for receive operation only. Dummy datais
output from the TXD2 pin while receiving.

When an internal clock is selected, the shift clock is generated by setting the TE bit in the U2C1 register to 1
(transmission enabled) and placing dummy datain the U2TB register. When an external clock is selected, set
the TE hit to 1 (transmission enabled), place dummy data in the U2TB register, and input an external clock to
the CLK2 pin to generate the shift clock.

If datais received consecutively, an overrun error occurs when the RE bit in the U2C1 register is set to 1 (data
present in the U2RB register) and the next receive data is received in the UART2 receive register. Then, the
OER bitinthe U2RB register is set to 1 (overrun error). At thistime, the U2RB register value is undefined. If an
overrun error occurs, the IR bit in the S2RIC register remains unchanged.

To receive data consecutively, set dummy data in the low-order byte in the U2TB register per each receive
operation.

If an external clock is selected, the following conditions must be met while the external clock isheld high when
the CKPOL hit is set to O, or while the external clock is held low when the CKPOL bit is set to 1.

* The RE hit in the U2CL1 register = 1 (reception enabled)
* The TE bit in the U2C1 register = 1 (transmission enabled)
e The Tl bit in the U2C1 register = 0 (data present in the U2TB register)
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32.11.2 Special Mode 1 (12C Mode)

When generating start, stop, and restart conditions, set the STSPSEL bit in the U2SMRA4 register to 0 and wait
for more than half cycle of the transfer clock before changing each condition generation bit (STAREQ,
RSTAREQ, and STPREQ) from O to 1.
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32.12 Notes on Synchronous Serial Communication Unit

Set the IICSEL bit in the SSUIICSR register to 0 (select SSU function) to use the synchronous serial
communication unit function.

32.13 Notes on I12C bus Interface
To usethe 12C businterface, set the IICSEL bit in the SSUIICSR register to 1 (12C businterface function selected).

32.14 Notes on Hardware LIN

For the time-out processing of the header and response fields, use another timer to measure the duration of time
with a Synch Break detection interrupt as the starting point.

32.15 Notes on A/D Converter

* Write to the ADMOD register, the ADINSEL register, the ADCONO register (other than ADST bit), the
ADCONL1 register, the OCVREFCR register when A/D conversion is stopped (before atrigger occurs).

* To usethe A/D converter in repeat mode O, repeat mode 1, or repeat sweep mode, select the frequency of the A/D
converter operating clock $AD or more for the CPU clock during A/D conversion.

Do not select fOCO-F as ¢AD.

* Connect 0.1 puF capacitor between the VREF pin and AV SS pin.

* Do not enter stop mode during A/D conversion.

* Do not enter wait mode during A/D conversion regardless of the state of the CMO02 bit in the CMO register (1:
Peripheral function clock stopsin wait mode or O: Peripheral function clock does not stop in wait mode).

* Do not set the FMSTP bit in the FMRO register to 1 (flash memory stops) or the FMR27 bit to 1 (low-current-
consumption read mode enabled) during A/D conversion. Otherwise, the A/D conversion result will be
undefined.

* Do not change the CKS2 bit in the ADMOD register while fOCO-F is stopped.

* During an A/D conversion operation, if the ADST bit in the ADCONO register is set to 0 (A/D conversion stops)
by a program to forcibly terminate A/D conversion, the conversion result of the A/D converter is undefined and
no interrupt is generated. The value of the ADi register before A/D conversion may also be undefined.

If the ADST bit is set to 0 by aprogram, do not use the value of al the ADi register.
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32.16 Notes on Flash Memory

32.16.1 CPU Rewrite Mode

32.16.1.1 Prohibited Instructions

The following instructions cannot be used while the program ROM area is being rewritten in EW0 mode
because they reference datain the flash memory: UND, INTO, and BRK.

32.16.1.2 Interrupts
Tables 32.1 and 32.3 show CPU Rewrite Mode Interrupts (1), (2) and (3), respectively.

Table 32.1  CPU Rewrite Mode Interrupts (1)
Erase/
Mode Write Status Maskable Interrupt
Target
EWO0 Data During auto-erasure | When an interrupt request is acknowledged, interrupt handling is executed.
flash (suspend enabled) | If the FMR22 bit is set to 1 (erase-suspend request enabled by interrupt request),
the FMR21 bit is automatically set to 1 (erase-suspend request). The flash memory
suspends auto-erasure after td(SR-SUS).
If erase-suspend is required while the FMR22 bit is set to O (erase-suspend request
disabled by interrupt request), set the FMR21 bit to 1 during interrupt handling. The flash
memory suspends auto-erasure after td(SR-SUS).
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written. Auto-erasure can be restarted by setting the
FMR21 bit to O (erase restart).
During auto-erasure | Interrupt handling is executed while auto-erasure or auto-programming is being
(suspend disabled performed.
or FMR22 = 0)
During
auto-programming
Program | During auto-erasure | Usable by allocating a vector in RAM.
ROM (suspend enabled)
During auto-erasure
(suspend disabled)
During
auto-programming
EW1 |Data During auto-erasure | When an interrupt request is acknowledged, interrupt handling is executed.
flash (suspend enabled) | If the FMR22 bit is set to 1, the FMR21 bit is automatically set to 1. The flash memory
suspends auto-erasure after td(SR-SUS).
If erase-suspend is required while the FMR22 bit is set to 0, set the FMR21 bit to 1 during
interrupt handling. The flash memory suspends auto-erasure after td(SR-SUS).
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written. Auto-erasure can be restarted by setting the
FMR21 bit to 0.
During auto-erasure | Interrupt handling is executed while auto-erasure or auto-programming is being
(suspend disabled performed.
or FMR22 = 0)
During
auto-programming
Program | During auto-erasure | Auto-erasure suspends after td(SR-SUS) and interrupt handling is executed. Auto-
ROM (suspend enabled) | erasure can be restarted by setting the FMR21 bit to O after interrupt handling completes.
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written.
During auto-erasure | Auto-erasure and auto-programming have priority and interrupt requests are put on
(suspend disabled standby. Interrupt handling is executed after auto-erase and auto-program complete.
or FMR22 = 0)
During
auto-programming

FMR21, FMR22: Bits in FMR2 register
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Table 32.2  CPU Rewrite Mode Interrupts (2)
« Watchdog Timer » Undefined Ins_truction
N . * INTO Instruction
Erase/ « Oscillation Stop Detection « BRK Instruction
Mode Write Status « \Voltage Monitor 2 .
Target « Voltage Monitor 1 * Single Step
« NMI (Note 1) « Address Match
» Address Break (Note 1)
EWO0 | Data flash | During auto-erasure When an interrupt request is acknowledged, When an interrupt request is
(suspend enabled) interrupt handling is executed. acknowledged, interrupt handling
If the FMR22 bit is set to 1 (erase-suspend is executed.
request enabled by interrupt request), If erase-suspend is required, set
the FMR21 bit is automatically set to 1 (erase- the FMR21 bit to 1 during interrupt
suspend request). The flash memory suspends | handling. The flash memory
auto-erasure after td(SR-SUS). suspends auto-erasure after
If erase-suspend is required while the FMR22 bit | td(SR-SUS).
is set to O (erase-suspend request disabled by While auto-erasure is being
interrupt request), set the FMR21 bit to 1 during | suspended, any block other than
interrupt handling. The flash memory suspends | the block during auto-erasure
auto-erasure after td(SR-SUS). execution can be read or written.
While auto-erasure is being suspended, any Auto-erasure can be restarted by
block other than the block during auto-erasure setting the FMR21 bit in the FMR2
execution can be read or written. Auto-erasure register is set to O (erase restart).
can be restarted by setting the FMR21 bit is set
to O (erase restart).
During auto-erasure Interrupt handling is executed while auto-erasure or auto-programming is being
(suspend disabled performed.
or FMR22 = 0)
During
auto-programming
Program | During auto-erasure When an interrupt request is acknowledged, Not usable during auto-erasure or
ROM (suspend enabled) auto-erasure or auto-programming is forcibly auto-programming.
During auto-erasure stopped immediately and the flash memory is
(suspend disabled) reset. Interrupt handling starts when the flash
During memory restarts aft_er the fixed period.
auto-programming Since the bI(_)ck during auto-erasure or th_e
address during auto-programming is forcibly
stopped, the normal value may not be read. After
the flash memory restarts, execute auto-erasure
again and ensure it completes normally.
The watchdog timer does not stop during the
command operation, so interrupt requests may
be generated. Initialize the watchdog timer
regularly using the erase-suspend function.

FMR21, FMR22: Bits in FMR2 register

Note:

1. Do not use a non-maskable interrupt while block 0 is being auto-erased because the fixed vector is allocated in block 0.
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Table 32.3  CPU Rewrite Mode Interrupts (3)
« Watchdog Timer » Undefined Ins_truction
N . * INTO Instruction
Erase/ « Oscillation Stop Detection « BRK Instruction
Mode Write Status « \Voltage Monitor 2 .
Target « Voltage Monitor 1 * Single Step
« NMI (Note 1) « Address Match
» Address Break (Note 1)
EW1 | Data flash | During auto-erasure When an interrupt request is acknowledged, When an interrupt request is
(suspend enabled) interrupt handling is executed. acknowledged, interrupt handling
If the FMR22 bit is set to 1, the FMR21 bit is is executed.
automatically set to 1. The flash memory If erase-suspend is required, set
suspends auto-erasure after td(SR-SUS). the FMR21 bit to 1 during interrupt
If erase-suspend is required while the FMR22 bit | handling. The flash memory
is setto 0, set the FMR21 bit to 1 during interrupt | suspends auto-erasure after
handling. The flash memory suspends auto- td(SR-SUS).
programming after td(SR-SUS). While auto-erasure is being
While auto-erasure is being suspended, any suspended, any block other than
block other than the block during auto-erasure the block during auto-erasure
execution can be read or written. Auto-erasure execution can be read or written.
can be restarted by setting the FMR21 bit is set | Auto-erasure can be restarted by
to 0. setting the FMR21 bit in the FMR2
register is set to O (erase restart).
During auto-erasure Interrupt handling is executed while auto-erasure or auto-programming is being
(suspend disabled performed.
or FMR22 = 0)
During
auto-programming
Program | During auto-erasure When an interrupt request is acknowledged, Not usable during auto-erasure or
ROM (suspend enabled) auto-erasure or auto-programming is forcibly auto-programming.
stopped immediately and the flash memory is
reset. Interrupt handling starts when the flash
memory restarts after the fixed period.
During auto-erasure Since the block during auto-erasure or the
(suspend disabled address during auto-programming is forcibly
or FMR22 = 0) stopped, the normal value may not be read. After
During the flash memory restarts, execute auto-erasure
auto-programming again and ensure it completes normall_y.
The watchdog timer does not stop during the
command operation, so interrupt requests may
be generated. Initialize the watchdog timer
regularly using the erase-suspend function.

FMR21, FMR22: Bits in FMR2 register

Note:

1. Do not use a non-maskable interrupt while block 0 is being auto-erased because the fixed vector is allocated in block 0.
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32.16.1.3 How to Access
To set one of the following bitsto 1, first write 0 and then 1 immediately. Disable interrupts and DTC activation
between writing 0 and writing 1.
e The FMRO1 bit or FMRO2 bit in the FMRO register
* The FMR13 bit in the FMR1 register
* The FMR20 bit, FMR22 hit, or FMR 27 bit in the FMR2 register

To set one of the following bitsto O, first write 1 and then O immediately. Disable interrupts and DTC activation
between writing 1 and writing 0.

* The FMR14 bit, FMR15 bit, FMR16 bit, or FMR17 bit in the FMRL1 register

32.16.1.4 Rewriting User ROM Area

In EWO0 Mode, if the supply voltage drops while rewriting any block in which a rewrite control program is
stored, it may not be possible to rewrite the flash memory because the rewrite control program cannot be
rewritten correctly. In this case, use standard seria 1/0 mode.

32.16.1.5 Programming
Do not write additions to the already programmed address.

32.16.1.6 Entering Stop Mode or Wait Mode

Do not enter stop mode or wait mode during erase-suspend.

If the FST7 inthe FST register is set to 0 (busy (during programming or erasure execution)), do not enter to stop
mode or wait mode.

Do not enter stop mode or wait mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

32.16.1.7 Programming and Erasure Voltage for Flash Memory

To perform programming and erasure, use VCC = 2.7 V to 5.5 V as the supply voltage. Do not perform
programming and erasure at lessthan 2.7 V.

32.16.1.8 Block Blank Check
Do not execute the block blank check command during erase-suspend.

32.16.1.9 Low-Current-Consumption Read Mode

In low-speed clock mode and low-speed on-chip oscillator mode, the current consumption when reading the
flash memory can be reduced by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption
read mode enabled).

L ow-current-consumption read mode can be used when the CPU clock is set to either of the following:

* The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

* The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is
3 kHz or below. After setting the divide ratio of the CPU clock, set the FMR27 bit to 1 (low-current-
consumption read mode enabled).

To reduce the power consumption, refer to 30. Reducing Power Consumption.

Enter wait mode or stop mode after setting the FMR27 bit to O (low-current-consumption read mode disabled).
Do not enter wait mode or stop mode while the FMR27 bit is 1 (Ilow-current-consumption read mode enabled).
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32.17 Notes on Noise

32.17.1 Inserting a Bypass Capacitor between VCC and VSS Pins as a Countermeasure
against Noise and Latch-up

Connect a bypass capacitor (at least 0.1 uF) using the shortest and thickest wire possible.

32.17.2 Countermeasures against Noise Error of Port Control Registers

During rigorous noise testing or the like, external noise (mainly power supply system noise) can exceed the
capacity of the MCU’s internal noise control circuitry. In such cases the contents of the port related registers
may be changed.

As afirmware countermeasure, it is recommended that the port registers, port direction registers, and pull-up
control registers be reset periodically. However, examine the control processing fully before introducing the
reset routine as conflicts may be created between the reset routine and interrupt routines.
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33. Notes on On-Chip Debugger
When using the on-chip debugger to develop and debug programs for the R8C/32C Group, take note of the following:

(1) Some of the user flash memory and RAM areas are used by the on-ship debugger. These areas cannot be accessed
by the user.
Refer to the on-chip debugger manual for which areas are used.

(2) Do not set the address match interrupt (registers AIERO, AIER1, RMADO, and RMAD1 and fixed vector tables)
inauser system.

(3) Do not usethe BRK instruction in a user system.

(4) Debugging isavailable under the condition of supply voltage VCC = 1.8t05.5V. Set the supply voltageto 2.7 V
or above for rewriting the flash memory.

Connecting and using the on-chip debugger has some special restrictions. Refer to the on-chip debugger manual for
details.
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34. Notes on Emulator Debugger

Connecting and using the emulator debugger has some special restrictions. Refer to the emulator debugger manual for
details.
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Appendix 1. Package Dimensions

Diagrams showing the latest package dimensions and mounting information are available in the “ Packages’ section of
the Renesas Technology website.

JEITA Package Code [ RENESAS Code | Previous Code [ MASS[Typ.] |
P-LSSOP20-4.4x6.5-0.65 | PLSP0020JB-A | 20P2F-A \ 01g |
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Appendix 2. Connection Examples between Serial Writer and On-Chip

Debugging Emulator

Appendix Figure 2.1 shows a Connection Example with M16C Flash Starter (M3A-0806) and Appendix Figure 2.2
shows a Connection Example with E8a Emulator (ROEOCO008AK CEQO).
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1 @ Connect L g =
T oscillation o—4 | Q v
circuit = w
s S [
o—{+ ] O =]
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—| 7 = 14
] e ]
8 5 13
9 12
10 11
10
O O
TXD 7_VsSS
(oo,
ool
RXD_4
O O
00 1 VCC ®
A
M16C Flash Starter
(M3A-0806)
CRXDD
Note:
1. Itis not necessary to connect an oscillation circuit when operating with the on-chip oscillator clock.

Appendix Figure 2.1  Connection Example with M16C Flash Starter (M3A-0806)

—

VCC
Open collector buffer
4.7kQ or more "
20 B
2 19
Col?nect - o;g El
oscillation ._- 4 17
circuit @ - 8 :l
N ]
o—{¢ | 0 ]
®
) : ]
e 5 13
250 [0 ] 12
10 0 ]
8o o
2o o0
10 0
2
VSS 00
A Note:
E8a emulator 1. Itis not necessary to connect an oscillation circuit when
(ROEOOOO8AKCEQO) operating with the on-chip oscillator clock.

Appendix Figure 2.2  Connection Example with E8a Emulator (ROEO0O008AKCEOQO)
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Appendix 3. Example of Oscillation Evaluation Circuit
Appendix Figure 3.1 shows an Example of Oscillation Evaluation Circuit.

Connect
oscillation
circuit
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777
Note:

1. After reset, the XIN and XCIN clocks are stopped.
Write a program to oscillate the XIN and XCIN clocks.

Appendix Figure 3.1

Example of Oscillation Evaluation Circuit
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