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Notice

All information included in this document is current as of the date this document isissued. 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 sales office. Also, please pay regular and careful atention 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 alter, 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 lossesincurred 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 devel opment 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 errorsin 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. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
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 bein 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 electronic appliances, machine tools; personal electronic equipment; and industrial 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; aerospace 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 adirect 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 physica 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 aresult 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 sdes 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.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Notes regarding these materials

1. 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.

2. 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.

3. 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.

4. Allinformation 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 )

5. 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.

6. 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.

7. 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.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) 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.

9. 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.

10. 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.

11. 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.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. 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.
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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 Precautionsin the Handling of MPU/M CU 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 LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

2. 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.

3. 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 LSl is not guaranteed if they are
accessed.

4. 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.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type number,

confirm that the change will not lead to problems.

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

This manual comprises the following items:

1. General Precautions in the Handling of MPU/MCU Products
2. Configuration of This Manual

3. Preface

4. Contents

5. Overview

6.

Description of Functional Modules
e CPU and System-Control Modules
*  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix

10. Main Revisions for This Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

This LSI is a microcomputer (MCU) made up of the H8S/2600 CPU with Renesas Technology-
original architecture as its core, and the peripheral functions required to configure a system.

The H8S/2600 CPU has an internal 32-bit configuration, sixteen 16-bit general registers, and a
simple and optimized instruction set for high-speed operation. The H8S/2600 CPU can handle a
16-Mbyte linear address space. The instruction set of the H8S/2600 CPU maintains upward
compatibility at the object level with the H8/300 and H8/300H CPUs. This allows the transition
from the H8/300, H8/300L, or H8/300H to the H8S/2600 CPU.

This LSI is equipped with the flash memory, RAM, two kinds of PWM timers (PWM and
PWMX), a 16-bit free-running timer (FRT), an 8-bit timer (TMR), a 16-bit timer pulse unit (TPU),
a watchdog timer (WDT), a timer connection, a serial communication interface (SCI), an I'C bus
interface 3 (IIC3), an A/D converter, and I/O ports as on-chip peripheral modules required for
system configuration.

A flash memory (F-ZTAT"™*) version is available for this LSI’s 256-kbyte ROM. The CPU and
the flash memory are connected to a 16-bit bus, enabling byte data and word data to be accessed in
a single state. This improves the instruction fetch and process speeds.

Note: * F-ZTAT™ is a trademark of Renesas Technology Corp.

Target Users: This manual was written for users who use this LSI in the design of application
systems. Target users are expected to understand the fundamentals of electrical
circuits, logic circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of this LSI to the target users.
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a
detailed description of the instruction set.

Notes on Reading this Manual:

e In order to understand the overall functions of the chip
Read this manual in the order of the table of contents. This manual can be roughly categorized
into the descriptions on the CPU, system control functions, peripheral functions, and electrical
characteristics.
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e In order to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Programming Manual.
e In order to understand the detailed function of a register whose name is known
Read the index that is the final part of the manual to find the page number of the entry on the

register. The addresses, bits, and initial values of the registers are summarized in section 23,
List of Registers.

Rules: Register name: The following notation is used for cases when the same or a
similar function, e.g., serial communication interface, is
implemented on more than one channel:

XXX_N (XXX is the register name and N is the channel
number)
Bit order: The MSB is on the left and the LSB is on the right.
Number notation: ~ Binary is B’xxxx, hexadecimal is H’xxxx, decimal is Xxxx.

Signal notation: An overbar is added to a low-active signal: xxxx

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/eng/

H8S5/2437 Group manuals:

Document Title Document No.
H8S/2437 Group Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Software Manual REJ09B0139

User's manuals for development tools:

Document Title Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor =~ REJ10B0161
User's Manual

H8S, H8/300 Series Simulator/Debugger User's Manual REJ10B0211

High-performance Embedded Workshop User's Manual REJ10J1837
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Main Revisions for This Edition

Item Page

Revision (See Manual for Details)

12.5.1 Basic Functions 340

Figure 12.8 Periodic
Counter Operation

Figure amended

Time

TCNT value Counter cleared by TGR
TGR b wo comparemateh
H'0000 -
CST bit : 3

TGF

13.3.2 Timer Connection 390
Register O (TCONRO)

Table 13.3 HSYNCO
Output Selection

Table amended

TECR TCONRO_1  TCONRO_0
HS2 HS1 HSO HOINV HOINV HSYNCO Output Signal
a0 1 o T Port outputinverted*

Setting prohibited

Note amended

Note: * The PB1DR inverted value is output regardless of the
PB1DDR setting.

16.3.7 Serial Status 453
Register (SSR)

Table amended

Bit Bit Name Initial Value

R/W  Description

7 TDRE 1

R/(W)* Transmit Data Register Empty

Indicates whether TDR contains transmit data.

[Setting conditions]

e When the TE bitin SCR is 0

e When data is transferred from TDR to TSR
and TDR is ready for data write

[Clearing conditions]

e When 0 is written to TDRE after reading TDRE
=1

6 RDRF 0

e

R/(W)* Receive Data Register Full

Indicates whether receive data is stored in RDR.

[Setting condition]

e When serial reception ends normally and
receive data is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF
=1

The RDREF flag is not affected and retains its
previous value even if the RE bit in SCR is cleared
to 0.

RENESAS
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Item Page

Revision (See Manual for Details)

16.8.6 SCI Operations 491
during Mode Transitions

Figure 16.21 Sample
Flowchart for Mode
Transition during
Transmission

Figure amended

<Transmission>

[1] Data being transmitted is lost
halfway. Data can be normally
transmitted from the CPU by
setting TE to 1, reading SSR,
writing to TDR, and clearing
TDRE to 0 after mode
cancellation.

[2] Clear TIE and TEIE to 0 when
they are set to 1.

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

Section 1 Overview

1.1 Features

e High-speed H8S/2600 central processing unit with an internal 16-bit architecture
Upward-compatible with H8/300 and H8/300H CPUs on an object level
Sixteen 16-bit general registers
69 basic instructions
Multiply-and-accumulate instruction

e Various peripheral functions
8-bit PWM timer (PWM)
14-bit PWM timer (PWMX)
16-bit free-running timer (FRT)
8-bit timer (TMR)
16-bit timer pulse unit (TPU)

Watchdog timer (WDT)

Timer connection

Duty measurement circuit

Asynchronous or clocked synchronous serial communication interface (SCI)
I’C bus interface 3 (IIC3)

10-bit A/D converter

e  On-chip memory

ROM Type Model ROM RAM Remarks
Flash memory HD64F2437 256 kbytes 16 kbytes
version

e General I/O ports
I/O pins: 94
Input-only pins: 16
e Supports various power-down modes

e Compact package

Package Code Body Size Pin Pitch
QFP-128 FP-128B 14.0 x 20.0 mm 0.5 mm

Rev.2.00 May. 28, 2009 Page 1 of 732
RENESAS REJ09B0059-0200



Section 1 Overview

1.2

Figure 1.1 shows the internal block diagram of the H8S/2437 Group.

Internal Block Diagram
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Figure 1.1 Internal Block Diagram of H8S/2437 Group
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Section 1 Overview

1.3 Pin Description

1.3.1 Pin Assignment

Figure 1.2 shows the pin assignment of the H85/2437 Group.
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Figure 1.2 Pin Assignment of H8S/2437 Group (FP-128B)
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Section 1 Overview

1.3.2 Pin Assignment in Each Operating Mode

Table 1.1  Pin Assignment in Each Operating Mode

Pin

No. Pin Name

QFP- Extended Mode (EXPE = 1) Single-Chip Mode Flash Memory
128  Normal Multiplex (EXPE = 0) Programmer Mode
1 D11 P33/ExIRQ3  P33/ExIRQ3 D3

2 D10 P32/ExIRQ2  P32/ExIRQ2 D2

3 D9 P31/ExXIRQ1  P31/ExIRQ1 D1

4 D8 P30/ExXIRQ0  P30/ExIRQO DO
5 D7 P67/RxD2 P67/RxD2 NC
6 D6 P66/TxD2 P66/TxD2 NC
7 D5 P65/SCK2 P65/SCK2 NC
8 D4 P64/FTCI_1 P64/FTCI_1 NC
9 D3 P63/TMOY_1  P63/TMOY_1 NC
10 D2 P62/TMOX_1  P62/TMOX_1 NC
11 D1 P61/FTOB_1 P61/FTOB_1 NC
12 DO P60/FTOA_1 P60/FTOA_1 NC
13 VSS VSS VSS
14 P90/LWR/ExTIOCB1/EXTCLKC  P90/ExTIOCB1/EXTCLKC  A16
15 P91/CS2/ExTIOCA2 P91/ExXTIOCA2 A17
16 VCC VCC VCC
17 P92/CS1/EXTIOCB2/EXTCLKD  P92/ExTIOCB2/EXTCLKD  A18
18 RD P93 NC
19 HWR P94 NC
20 P95/AS AH P95 NC
21 P96/¢ P96/¢ NC
22 P97/WAIT/ExTIOCDO/EXTCLKB P97/ExTIOCDO/EXTCLKB  NC
23 MDO MDO VSS
24 MD1 MD1 VCC
25 MD2 MD2 VCC
26 FWE FWE VCC
27 NMI NMI VCC
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Pin
No. Pin Name
qFp- Extended Mode (EXPE =1) Single-Chip Mode Flash Memory
128  Normal Multiplex (EXPE = 0) Programmer Mode
28 RES RES RES
29 VSS VSS VSS
30 VCL VCL VCL
31 VCC vCcC VCC
32 EXTAL EXTAL EXTAL
33 XTAL XTAL XTAL
34 VSS VSS VSS
35 ETMS/PC4* ETMS/PC4* NC
36 ETCK/PC5* ETCK/PC5* NC
37 STBY STBY vVCC
38 ETDI/PC6* ETDI/PC6* NC
39 ETRST ETRST RES
40 ETDO/PC7* ETDO/PC7* NC
41 P50/SCKO P50/SCKO NC
42 P51/TxDO P51/TxD0 NC
43 P52/RxDO0 P52/RxD0 NC
44 P53/SCK1 P53/SCK1 NC
45 P54/TxD1 P54/TxD1 NC
46 P55/RxD1 P55/RxD1 NC
47 P56/TMO0_1/ExPW4 P56/TMOO_1/ExPW4 NC
48 P57/TMO1_1/ExPW5 P57/TMO1_1/ExPW5 NC
49 P40/IRQO/FTIB_1 P40/IRQO/FTIB_1 VCC
50 P41/IRQ1/FTIC_1 P41/IRQ1/FTIC_1 VCC
51 P42/IRQ2/TMIO_1 P42/IRQ2/TMIO_1 VCC
52 P43/IRQ3/TMIX_1 P43/IRQ3/TMIX_1 vVCC
53 VSS VSS VSS
54 AVSS AVSS VSS
55 P70/ANO P70/ANO NC
56 P71/ANT P71/AN1 NC
57 P72/AN2 P72/AN2 NC
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Section 1 Overview

Pin

No. Pin Name

qFp- Extended Mode (EXPE =1) Single-Chip Mode Flash Memory
128  Normal Multiplex (EXPE = 0) Programmer Mode
58 P73/AN3 P73/AN3 NC
59 P74/AN4 P74/AN4 NC
60 P75/AN5 P75/AN5 NC
61 P75/AN6 P75/AN6 NC
62 P77/AN7 P77/AN7 NC
63 POO/ANS POO/AN8 WE
64 PO1/AN9 PO1/AN9 OE
65 P02/AN10 P02/AN10 CE
66 PO3/AN11 PO3/AN11 NC
67 P04/AN12/ExIRQ4 P04/AN12/ExIRQ4 NC
68 P05/AN13/ExIRQ5 P05/AN13/ExIRQ5 NC
69 P06/AN14/ExIRQ6 P06/AN14/ExIRQ6 NC
70 P07/AN15/ExIRQ7 P07/AN15/EXIRQ7 NC
71 AvVCC AVCC VCC
72 AVref AVref VCC
73 P44/IRQ4/TMIY_1/ExPWO P44/IRQ4/TMIY_1/EXPW0O  VCC
74 P45/IRQ5/TMIO_O/ExPW1 P45/IRQ5/TMIO_O/ExPW1  VCC
75 P46/IRQ6/TMIX_O/ExPW2 P46/IRQ6/TMIX_O/ExXPW2  VCC
76 P47/IRQ7/TMIY_O/ExPW3 P47/IRQ7/TMIY_O/ExPW3  VCC
77 PBO/FTOA_O/VSYNCO PBO/FTOA_O/VSYNCO NC
78 PB1/TMO1_0/HSYNCO PB1/TMO1_0/HSYNCO NC
79 PB2/FTID_1/CSYNCI_1 PB2/FTID_1/CSYNCI_1 NC
80 PB3/FTIA_1/VSYNCI_1 PB3/FTIA_1/VSYNCI_1 NC
81 PB4/TMI1_1/HSYNCI_1 PB4/TMI1_1/HSYNCI_1 NC
82 PB5/FTID_0/CSYNCI_0 PB5/FTID_0/CSYNCI_0 NC
83 VCC vcC vCC
84 PB6/FTIA_O/VSYNCI_0 PB6/FTIA_O/VSYNCI_0 NC
85 PB7/TMI1_0/HSYNCI_0 PB7/TMI1_0/HSYNCI_0 NC
86 VSS VSS VSS
87 P87/ExTIOCBO/ADTRG P87/ExTIOCBO/ADTRG NC
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Pin
No. Pin Name
qFp- Extended Mode (EXPE =1) Single-Chip Mode Flash Memory
128  Normal Multiplex (EXPE = 0) Programmer Mode
88 P86/ExTIOCAO P86/ExTIOCAO NC
89 P85/PWX1 P85/PWX1 NC
90 P84/PWX0 P84/PWX0 NC
91 PA7/CS3/EXTIOCA1 PA7/EXTIOCA1 NC
92 PA6/FTCI_O/HFBACKI PA6/FTCI_O0/HFBACKI NC
93 PA5/FTIB_O/VFBACKI PA5/FTIB_O/VFBACKI NC
94 PA4/FTIC_0/CLAMPO PA4/FTIC_0/CLAMPO NC
95 PA3/FTOB_O0/CBLANK PA3/FTOB_0/CBLANK NC
96 PA2/TMOO0_0/ExTIOCCO/ PA2/TMOO_O/ExTIOCCO/  VSS
ExTCLKA ExTCLKA
97 PA1/TMOY_0/ExPW7/SCK4 PA1/TMOY_0/ExPW7/SCK4 NC
98 PAO/TMOX_0/ExPW6/SCK3 PAO/TMOX_0/ExPW6/SCK3 VCC
99 P83/SDA1/RxD4 P83/SDA1/RxD4 NC
100 P82/SCL1/TxD4 P82/SCL1/TxD4 NC
101 P81/SDAO/RxD3 P81/SDA0/RxD3 NC
102  P80/SCL0O/TxD3 P80/SCL0/TxD3 NC
103  PCO0O/SCL2 PCO0/SCL2 NC
104 PC1/SDA2 PC1/SDA2 NC
105  PC2/SCL3 PC2/SCL3 NC
106  PC3/SDA3 PC3/SDA3 NC
107 P27/A15 AD15 P27/TIOCB2/TCLKD A15
108 P26/A14 AD14 P26/TIOCA2 Al4
109 P25/A13 AD13 P25/TIOCB1/TCLKC A13
110 P24/A12 AD12 P24/TIOCA1 A12
111 P23/A11 AD11 P23/TIOCDO/TCLKB A1
112 P22/A10 AD10 P22/TIOCCO/TCLKA A10
113 P21/A9 AD9 P21/TIOCBO A9
114 P20/A8 ADS8 P20/TIOCAO A8
115 VCC VCC VCC
116 P17/A7 AD7 P17/PW7 A7
117 P16/A6 AD6 P16/PW6 A6
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Pin

No. Pin Name

qFp- Extended Mode (EXPE =1) Single-Chip Mode Flash Memory
128  Normal Multiplex (EXPE = 0) Programmer Mode
118  VSS VSS VSS

119  P15/A5 AD5 P15/PW5 A5

120 P14/A4 AD4 P14/PW4 A4

121 P13/A3 AD3 P13/PW3 A3

122 P12/A2 AD2 P12/PW2 A2

123 P11/A1 AD1 P11/PWA1 Al

124 P10/A0 ADO P10/PWO A0

125 D15 P37 P37 D7

126 D14 P36 P36 D6

127 D13 P35 P35 D5

128 D12 P34 P34 D4

Note: * Not supported by the on-chip emulator.
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1.3.3 Pin Functions

Table 1.2  Pin Functions

Type Symbol Pin No. 1/0 Name and Function

Power VCC 16, 31, Input  Power supply pins. Connect all these pins to the
supply 83, 115 system power supply.

VCL 30 Input  External capacitance pin for internal step-down
power. Connect this pin to Vss through an
external capacitor (that is located near this pin)
to stabilize internal step-down.

VSS 13, 29, Input  Ground pins. Connect all these pins to the

34, 53, system power supply (OV).
86, 118
Clock XTAL 33 Input  For connection to a crystal resonator. An

EXTAL 30 Input e?(ternal clock can be supplied from the EXTAL
pin. For an example of crystal resonator
connection, see section 21, Clock Pulse
Generator.

¢ 21 Qutput Supplies the system clock to external devices.

Operating MD2 25 Input  These pins set the operating mode. Inputs at
mode control MD1 24 these pins should not be changed during

MDO 23 operation.

System RES 28 Input  Reset pin. When this pin is low, the chip is reset.
control

STBY 37 Input  When this pin is low, a transition is made to
hardware standby mode.

FWE 26 Input  Pin for use by flash memory.

Address bus A15to A8 107 to 114, Output Address output pins

A7 to AO 116, 117,

119 to 124
Data bus D15 to D8 125t0 4 1/0 Bidirectional data bus
D7 to DO 5t0 12
Address/ AD15to AD8 107to 114 1/O Upper 8-bit, 16-bit bus
datl"‘, | AD7 to ADO 116,117, 1/O  Lower 16-bit bus
ELUS“F’ ex 11910 124
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Type Symbol Pin No. 1/0 Name and Function

Bus control WAIT 22 Input  Requests insertion of a wait state in the bus
cycle when accessing an external 3-state
address space.

RD 18 Output This pin is low when the external address space
is being read.

HWR 19 Output This pin is low when the external address space
is to be written to, and the upper half of the data
bus is enabled.

LWR 14 Output This pin is low when the external address space
is to be written to, and the lower half of the data
bus is enabled.

AS 20 Output This pin is low when address output on the
address bus is valid.

S3to CS1 91, 15,17 Output Chip select signals for areas 3 to 1.
AH 20 Output Address latch signal for address/data multiplex

bus.

Interrupts NMI

27 Input

Nonmaskable interrupt request input pin

IRQ7 to IRQ0 76 t0 73 Input  These pins request a maskable interrupt.
52 to 49 Selectable to which pin of IRQn or ExIRQn to
EXRQY to 70 to 67 input IRQ7 to IRQO interrupts.
ExIRQO 1to4
On-chip ETRST* 39 Input Interface pins for the on-chip emulator.
emulator Reset by holding the ETRST pin to low when
ETM Input
S % NPT activating the H-UDI. At this time, the ETRST pin
ETDO 40 Output should be held low for 20 clocks of ETCK. For
ETDI 38 Input  details, see section 24, Electrical
Characteristics. Then, to activate the H-UDI, the
ETCK 36 Input

ETRST pin should be set to 1 and desired
values should be set to the ETCK, ETMS, and
ETDI pins. When in the normal operation without
activating the H-UDI, the ETRST, ETCK, ETMS,
and ETDI pins should be set to 1 or high-
impedance. Since these pins are internally
pulled up, care should be taken in the standby
state.

8-bit PWM  PW?7 to PWO
timer (PWM)

116, 117, Output
119, 124

ExPW?7 to
ExPWO

97, 98,
48, 47,
761073

Pulse output pins for the PWM timer.
Selectable from which pin of PWn or ExXPWn to
output PW5 to PWO.
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Type Symbol Pin No. 1/0 Name and Function
14-bit PWM  PWXO 90 Output Pulse output pins for PWM D/A
timer PWX1 89
(PWMX)
16-bit free- FTCI_0 92 Input  External event input pins
running FTCI_1 8
timer (FRT) FTOA_O 77 Output Output compare output pins
FTOA_1 12
FTOB_0 95
FTOB_1 11
FTIA_O to 84, 93, Input  Input capture input pins
FTID_O 94, 82
FTIA_1to 80, 49,
FTID_1 50, 79
8-bit timer  TMOO0_0 96 Output Waveform output pins with output compare
(TMRO, TMOO_1 47 function
TMR1, TMO1_0 78
TMRX, TMO1_1 48
TMRY) TMOX_0 98
TMOX_1 10
TMOY_0 97
TMOY_1 9
TMIO_O 74 Input  External event input pins and counter reset input
TMIO_1 51 pins
T™MI1_0 85
TMI1_1 81
TMIX_0 75
TMIX_1 52
TMIY_O 76
TMIY_1 73
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Type Symbol Pin No. /0 Name and Function
16-bit timer TCLKA to 107,109, Input External clock input pins. Selectable to which pin
pulse unit TCLKD 111, 112 of TCLKn or EXTCLKn to input external clocks.
(TPU) ExTCLKAto 96, 22,
ExTCLKD 14,17
TIOCAO 114 /10 Input capture input/output compare output/PWM
TIOCBO 113 output pins for TGROA to TGROD. Selectable
TIOCCO 112 to/from which pin of TIOCnO or EXTIOCnO to
TIOCDO 111 input/output input capture, output compare, and
ExTIOCAO 88 PWM.
ExTIOCBO 87
ExTIOCCO 96
ExTIOCDO 22
TIOCA1 110 1/0 Input capture input/output compare output/PWM
TIOCB1 109 output pins for TGR1A to TGR1D. Selectable
ExTIOCA1 91 to/from which pin of TIOCn1 or EXTIOCn1 to
ExTIOCB1 14 input/output input capture, output compare, and
PWM.
TIOCA2 108 /10 Input capture input/output compare output/PWM
TIOCB2 107 output pins for TGR2A to TGR2D. Selectable
EXTIOCA2 15 to/from which pin of TIOCn2 or EXTIOCn2 to
ExTIOCB2 17 input/output input capture, output compare, and
PWM.
Timer VSYNCI_0 84 Input  Synchronization signal input pins for the timer
connection VSYNCI_1 80 connection
HSYNCI_0 85
HSYNCI_1 81
CSYNCI_0 82
CSYNCI_1 79
HFBACKI 92
VFBACKI 93
VSYNCO 77 Output Synchronization signal output pins for the timer
HSYNCO 78 connection
CLAMPO 94
CBLANK 95
Serial TxDO to TxD4 42, 45,6, Output Transmit data output pins
communi- 102, 100
gatlon RxDO0 to RxD4 43, 46,5, Input Receive data input pins
interface 101. 99
(SCI) ’
SCKO to 41,44,7, 1/0 Clock input/output pins.
SCK4 79, 97
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Type Symbol Pin No. 1/0 Name and Function

I’C bus SCLO, SCL1 102,100 I/O I’C clock input/output pins. These pins can drive

interface 3 SCL2, SCL3 103, 105 a bus directly with the NMOS open drain output.

(I1C3) SDAO, SDA1 101, 99 /10 I’C data input/output pins. These pins can drive
SDA2, SDA3 104, 106 a bus directly with the NMOS open drain output.

A/D AN151to ANO 70to 55 Input  Analog input pins

converter ADTRG 87 Input  External trigger input pin to start A/D conversion

AVCC 71 Input  Analog power supply pin for the A/D converter.
When the A/D converter is not used, this pin
should be connected to the system power supply
(+3.3 V).

AVref 72 Input Reference power supply pin for the A/D
converter. When the A/D converter is not used,
this pin should be connected to the system
power supply (+3.3 V).

AVSS 54 Input  Ground pin for the A/D converter. This pin
should be connected to the system power supply
o V).

I/O ports P07 to POO 70t0 63  Input Eightinput pins
P17 to P10 116, 117, 1/O Eight input/output pins
119 to 124

P27 to P20 107 to 114 1/O Eight input/output pins

P37 to P30 125to04 1/O Eight input/output pins

P47 to P40 76t073, 1/0 Eight input/output pins

521049

P57 to P50 48 to 41 /10 Eight input/output pins

P67 to P60 5t012 1/0 Eight input/output pins

P77 to P70 62 to 55 Input  Eight input pins

P87 to P80 87t090 I/O Eight input/output pins

99 to 102

P97 to P90 22t014 10 Eight input/output pins

PA7 to PAO 911098 I/0 Eight input/output pins

PB7 to PBO 85, 84, /10 Eight input/output pins

82 to 77
PC7 to PC4*' 40, 38, Input  Four input pins
36, 35
PC3to PCO 106to 103 1/O Four input/output pins
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Section 1 Overview

Notes: 1. Not supported by the on-chip emulator.
2. Following precautions are required on the power-on reset signal that is applied to the

ETRST pin.
The reset signal must be applied at a power-on.
Apart the power-on reset circuit from this LSI to prevent the ETRST pin of the board
tester from affecting the operation of this LSI.
Apart the power-on reset circuit from this LSl to prevent the system reset of this LSI
from affecting the ETRST pin of the board tester.

Figurel.3 shows an example of design in which signals for reset do not affect each other.

Board edge pin

System |——
reset  [—— RES
Power-on
reset circuit
ETRST
ETRST ]

This LS|

[0

Figure 1.3 Sample Design of Reset Signals without Affection Each Other
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Section2 CPU

Section 2 CPU

The H8S/2600 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2600 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte linear address space, and is ideal for realtime control.
This section describes the H8S/2600 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, refer to section 3, MCU Operating Modes.

2.1 Features

e Upward-compatible with H8/300 and H8/300H CPUs
Can execute H8/300 and H8/300H object programs
e General-register architecture
Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
e Sixty-nine basic instructions
8/16/32-bit arithmetic and logic instructions
Multiply and divide instructions
Powerful bit-manipulation instructions
Multiply-accumulate instruction
o FEight addressing modes
Register direct [Rn]
Register indirect [@ERn]
Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
Register indirect with post-increment or pre-decrement [ @ERn+ or @—ERn]
Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
Immediate [#xx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8,PC) or @(d:16,PC)]
Memory indirect [@ @aa:8]
e 16-Mbyte address space
Program: 16 Mbytes
Data: 16 Mbytes
e High-speed operation
All frequently-used instructions execute in one or two states
8/16/32-bit register-register add/subtract: 1 state
8 x 8-bit register-register multiply: 3 states

16 + 8-bit register-register divide: 12 states
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Section2 CPU

16 x 16-bit register-register multiply: 4 states
32 + 16-bit register-register divide: 20 states
e Two CPU operating modes
Normal mode*
Advanced mode
e Power-down state
Transition to power-down state by SLEEP instruction

CPU clock speed selection

Note: Normal mode is not available in this LSI.

2.1.1 Differences between H8S/2600 CPU and H8S/2000 CPU
The differences between the H8§S/2600 CPU and the H8S/2000 CPU are as shown below.

e Register configuration
The MAC register is supported only by the H8S/2600 CPU.
e Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

e The number of execution states of the MULXU and MULXS instructions

Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs,Rd 3 12
MULXU.W Rs,ERd 4 20

MULXS MULXS.B Rs,Rd 4 13
MULXS.W Rs,ERd 5 21

In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.
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2.1.2 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2600 CPU has the following enhancements.

e More general registers and control registers

Eight 16-bit expanded registers, and one 8-bit and two 32-bit control registers, have been
added.

e Expanded address space
Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Advanced mode supports a maximum 16-Mbyte address space.

e Enhanced addressing

The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

e Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.
A multiply-accumulate instruction has been added.
Two-bit shift and rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

e Higher speed

Basic instructions execute twice as fast.

Note: Normal mode is not available in this LSI.

2.1.3 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2600 CPU has the following enhancements.

e Additional control register
One 8-bit and two 32-bit control registers have been added.
e Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
A multiply-accumulate instruction has been added.
Two-bit shift and rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.

A test and set instruction has been added.
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Higher speed

Basic instructions execute twice as fast.

2.2 CPU Operating Modes

The H8S/2600 CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space. The mode is selected by the mode pins.

2.2.1 Normal Mode

The exception-handling vector table and stack have the same structure as in the H8/300 CPU.

Address Space

The H8S/2600 CPU provides linear access to a maximum 64-kbyte address space.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers.

When En is used as a 16-bit register it can contain any value, even when the corresponding
general register (Rn) is used as an address register. If the general register is referenced in the
register indirect addressing mode with pre-decrement (@—Rn) or post-increment (@Rn+) and a
carry or borrow occurs, however, the value in the corresponding extended register (En) will be
affected.

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.

Exception-handling Vector Table and Memory Indirect Branch Addresses

In normal mode the top area starting at H'0000 is allocated to the exception-handling vector
table. One branch address is stored per 16 bits. The exception-handling vector table in normal
mode is shown in figure 2.1. For details of the exception-handling vector table, see section 4,
Exception Handling.

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions
uses an 8-bit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In normal mode the operand is a 16-bit word operand,
providing a 16-bit branch address. Branch addresses can be stored in the top area from H'0000
to H'OOFF. Note that this area is also used for the exception-handling vector table.
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e Stack Structure
When the program counter (PC) is pushed onto the stack in a subroutine call, and the PC,
condition-code register (CCR), and extended control register (EXR) are pushed onto the stack
in exception handling, they are stored as shown in figure 2.2. EXR is not pushed onto the
stack in interrupt control mode 0. For details, see section 4, Exception Handling.

Note: Normal mode is not available in this LSI.

H'0000
H'0001
H'0002
H'0003
H'0004 |
H'0005 | (Reserved for system use) -- . )
H'0006 | \ Exception-handling
H'0007 vector table

H'0008
H'0009
H'000A
H'000B

- -+ Reset exception-handling vector --

- (Reserved for system use) --

-+ Exception-handling vector 1~ --

F--  Exception-handling vector 2~ --

N

Figure 2.1 Exception-Handling Vector Table (Normal Mode)

\/\\/\

sP—~| PC sp — EXR*1
(16 bits) , Reserved*1+3
(SP* =) CCR
\/_\ CCR-3
- PC -—-
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used, it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored when returning.

Figure 2.2 Stack Structure in Normal Mode
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2.2.2 Advanced Mode

e Address Space
Linear access is provided to a 16-Mbyte maximum address space.
e Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers or address registers.

¢ Instruction Set
All instructions and addressing modes can be used.
e Exception-handling Vector Table and Memory Indirect Branch Addresses

In advanced mode the top area starting at H'00000000 is allocated to the exception-handling
vector table in units of 32 bits. In each 32 bits, the upper 8 bits are ignored and a branch
address is stored in the lower 24 bits (figure 2.3). For details of the exception-handling vector
table, see section 4, Exception Handling.

H'00000000 Reserved
" Reset exception-handling vector N
H'00000003
H'00000004 | _R_e_s_e_r\fe_d_ _____________
(Reserved for system use)
H'00000007
H'00000008
[~ 771 > Exception-handling
- - - vector table
H00000008 | (Reserved for system use) -
H'0000000C | ]
H'00000010 Reserved
Exception-handling vector 1

Figure 2.3 Exception-Handling Vector Table (Advanced Mode)
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The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions
uses an 8-bit absolute address included in the instruction code to specify a memory operand
that contains a branch address.

In advanced mode the operand is a 32-bit longword operand, providing a 32-bit branch
address. The upper 8 bits of these 32 bits are a reserved area that is regarded as H'00. Branch
addresses can be stored in the area from H'00000000 to H'000000FF. Note that the first part of
this range is also used for the exception-handling vector table.

Stack Structure

In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine
call, and the PC, condition-code register (CCR), and extended control register (EXR) are
pushed onto the stack in exception handling, they are stored as shown in figure 2.4. EXR is not
pushed onto the stack in interrupt control mode 0. For details, see section 4, Exception
Handling.

\/\\/\

SP —~ EXR*!
sp— Reserved X Reserved*1: *3
___________________________ *
| bC ] (SP —) CCR
- (24 bits) - - PC -
| . (24 bits) I
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used, it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored when returning.

Figure 2.4 Stack Structure in Advanced Mode
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23 Address Space

Figure 2.5 shows a memory map of the H8S/2600 CPU. The H8S/2600 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode. The usable modes and address spaces
differ depending on the product. For details on each product, refer to section 3, MCU Operating

Modes.
H'0000 H'00000000
64-kbyte
H'FFFF
H'00FFFFFF
H'FFFFFFFF

(a) Normal Mode*

Note: * Normal mode cannot be used in this LSI.

16-Mbyte

Cannnot be
used in this LSI

(b) Advanced Mode

Program area

Data area

Figure 2.5 Memory Map

Note: Normal mode is not available in this LSI.

Rev.2.00 May. 28, 2009 Page 22 of 732

REJ09B0059-0200 RENESAS




Section2 CPU

24

Registers

The H8S/2600 CPU has the internal registers shown in figure 2.6. There are two types of registers:
general registers and control registers. Control registers are a 24-bit program counter (PC), an 8-bit
extended register (EXR), an 8-bit condition code register (CCR), and a 64-bit multiply-accumulate

register (MAC).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1l R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ERS5 E5 R5H R5L
ER6 E6 R6H R6L
ERT7 (SP) E7 R7H R7L
Control Registers (CR)
23 0
I PC |
76543210
exr [T[-]- -] Tz}
76543210
cer [1u[H]u[n[z]v]c]
63 41 32
Sign extension MACH
MAC
MACL
31 0
[Legend]
SP: Stack pointer H: Half-carry flag
PC: Program counter uU: User bit
EXR: Extended register N: Negative flag
T: Trace bit Z: Zero flag
12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit MAC: Multiply-accumulate register
ul: User bit or interrupt mask bit*

Note: * Ul cannot be used as an interrupt mask bit in this LSI.

Figure 2.6 CPU Registers
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24.1 General Registers

The H8S/2600 CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used as both address registers and data registers. When a general register is used
as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.7 illustrates the
usage of the general registers. When the general registers are used as 32-bit registers or address
registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

The usage of each register can be selected independently.

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.8 shows the
stack.

» Address registers « 16-hit registers « 8-bit registers
» 32-hit registers

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure 2.7 Usage of General Registers
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Free area

SP (ER7) —»

Stack area

/\/

24.2 Program Counter (PC)

Figure 2.8 Stack

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU instructions is 2 bytes (one word), so the least significant PC bit is ignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0.)

24.3 Extended Register (EXR)

EXR is an 8-bit register that can be manipulated by the LDC, STC, ANDC, ORC, and XORC
instructions. When these instructions except for the STC instruction is executed, all interrupts
including NMI will be masked for three states after execution is completed.

Bit Bit Name Initial Value R/W Description

7 T 0 R/W Trace Bit
When this bit is set to 1, a trace exception-handling is
started each time an instruction is executed. When
this bit is cleared to 0, instructions are executed in
sequence.

6to3 — All 1 — Reserved
These bits are always read as 1.

2 12 1 R/W These bits designate the interrupt mask level (0 to 7).

1 i 1 R/W For details, refer to section 5, Interrupt Controller.

0 10 1 R/W
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244 Condition-Code Register (CCR)

This 8-bit register contains internal CPU status information, including an interrupt mask bit (I) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch

(Bcc) instructions.

Bit Bit Name Initial Value R/W

Description

7 | 1 R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMI is
accepted regardless of the | bit setting. The | bit is set
to 1 by hardware at the start of an exception-handling
sequence. For details, refer to section 5, Interrupt
Controller.

6 ul Undefined R/W

User Bit or Interrupt Mask Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions. This bit
cannot be used as an interrupt mask bit in this LSI.

5 H Undefined R/W

Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B,
or NEG.B instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or
NEG.W instruction is executed, the H flag is set to 1 if
there is a carry or borrow at bit 11, and cleared to 0
otherwise. When the ADD.L, SUB.L, CMP.L, or
NEG.L instruction is executed, the H flag is set to 1 if
there is a carry or borrow at bit 27, and cleared to 0
otherwise.

4 U Undefined R/W

User Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions.

3 N Undefined R/W

Negative Flag

Stores the value of the most significant bit of data as a
sign bit.

2 Z Undefined R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.
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Bit Bit Name Initial Value R/W Description

1 \ Undefined R/W Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to 0 otherwise.

0 C Undefined  R/W Carry Flag

Set to 1 when a carry occurs, and cleared to 0
otherwise. Used by:

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
o Shift and rotate instructions, to indicate a carry

The carry flag is also used as a bit accumulator by bit
manipulation instructions.

2.4.5 Multiply-Accumulate Register (MAC)

This 64-bit register stores the results of multiply-accumulate operations. It consists of two 32-bit
registers denoted MACH and MACL. The lower 10 bits of MACH are valid; the upper bits are a
sign extension.

2.4.6 Initial Values of CPU Internal Registers

When the reset exception handling loads the start address from the vector address, PC is
initialized, the T bit in EXR is cleared to 0, and the I bits in EXR and CCR are set to 1. However,
the general registers and the other CCR bits are not initialized. The initial value of SP (ER7) is
undefined. SP should therefore be initialized by using the MOV.L instruction immediately after a
reset.
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2.5 Data Formats

The H8S/2600 CPU can process 1-bit, 4-bit BCD, 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

2.5.1 General Register Data Formats

Figure 2.9 shows the data formats in general registers.

Data Type Register Number Data Format

7 O
RNH U I . :
1-bit data 7ieisialal2ialo]  ponteare |
___________________ 7 0

1-bit data RnL Don't care | 716151413121 110

___________________ L L L L L 1 1
7 43 o .
4-bit BCD data RnH | Upper | Lower | Don't care i
.................. J

___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH T R T R | Don't care E
MSB Lse

___________________ 7 0

Byte data RnL H Don't care | i . i [
"""""""""" MSB LSB

Figure 2.9 General Register Data Formats (1)
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Data Type Register Number Data Format
Word data Rn
15
MSB
Word data En
15 0
MSB LSB
Longword data ERn
31

[Legend]
ERn:
En:
Rn:
RnH:
RnL:
MSB:
LSB:

En

General register ER
General register E
General register R
General register RH
General register RL
Most significant bit
Least significant bit

Figure 2.9 General Register Data Formats (2)
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2.5.2 Memory Data Formats

Figure 2.10 shows the data formats in memory. The H8S/2600 CPU can access word data and
longword data in memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the address is regarded as 0, so the access starts at the preceding address. This
also applies to instruction fetches.

When ER7 is used as an address register to access the stack, the operand size should be word size
or longword size.

Data Type Address Data Format
7 0
1-bit data Address L 7|6|5|4|3|2|1|0
Byte data Address L MSBE : : : : : ELSB
Word data Address 2M sB : : : ! :
Address2M+1| 1 i 0 1 11 iLSB
Longword data Address 2N MsB! !t
Address 2N+1 T
Address 2N+2 E E E E E E E

Address 2N+3 E'—SB

/’\/

Figure 2.10 Memory Data Formats
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2.6 Instruction Set
The H8S/2600 CPU has 69 types of instructions. The instructions are classified by function in
table 2.1.
Table 2.1 Instruction Classification
Function Instructions Size Types
Data transfer MOV B/W/L 5
POP*', PUSH*’ W/L
LDM, STM L
MOVFPE*’, MOVTPE*® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 23
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/W/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS W/L
TAS** B
MAC, LDMAC, STMAC, CLRMAC —
Logic operations  AND, OR, XOR, NOT B/WI/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR B/W/L
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bce*?, JMP, BSR, JSR, RTS —

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP —

Block data transfer EEPMOV — 1

Total: 69

Notes: B: byte size; W: word size; L: longword size.

1.

w

POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP respectively. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn
and MOV.L ERn, @-SP respectively.

Bcc is the general name for conditional branch instructions.
Cannot be used in this LSI.
Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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2.6.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used in
tables 2.3 to 2.10 is defined below.

Table 2.2  Operation Notation

Symbol Description

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERn General register (32-bit register)
MAC Multiply-accumulate register (32-bit register)
(EAd) Destination operand

(EAs) Source operand

EXR Extended register

CCR Condition-code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

= Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

~ NOT (logical complement)

:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table 2.3  Data Transfer Instructions
Instruction Size* Function
MOV B/W/L (EAs) »> Rd, Rs — (EAd)
Transfers data between two general registers or between a general
register and memory, or transfers immediate data to a general register.
MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP Wi/L @SP+ — Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn.
PUSH W/L Rn » @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.
LDM L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
STM L Rn (register list) > @—-SP

Pushes two or more general registers onto the stack.

Note: Size refers to the operand size.

B: Byte

W: Word
L: Longword
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Table 2.4

Instruction Size*

Arithmetic Operations Instructions (1)

Function

ADD B/WI/L Rd + Rs - Rd, Rd +#MM — Rd

SuB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data cannot
be subtracted from byte data in a general register. Use the SUBX or ADD
instruction.)

ADDX B Rd+Rs+C —> Rd, Rd+#MM+C — Rd

SUBX Performs addition or subtraction with carry or borrow on byte data in two
general registers, or on immediate data and data in a general register.

INC B/WI/L Rd+1—>Rd, Rd+2 — Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands can
be incremented or decremented by 1 only)

ADDS L Rd+1—>Rd, Rd+2—>Rd, Rd+4 > Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA B Rd (decimal adjust) - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 4-bit BCD data.

MULXU B/W Rd x Rs —» Rd
Performs unsigned multiplication on data in two general registers.
Either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd x Rs —» Rd
Performs signed multiplication on data in two general registers.
Either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

DIVXU B/W Rd + Rs —» Rd
Performs unsigned division on data in two general registers.
Either 16 bits + 8 bits — 8-bit quotient and 8-bit remainder or
32 bits + 16 bits — 16-bit quotient and 16-bit remainder.

Note: Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2.4  Arithmetic Operations Instructions (2)
Instruction  Size*'  Function
DIVXS B/W Rd + Rs - Rd
Performs signed division on data in two general registers.
Either 16 bits + 8 bits — 8-bit quotient and 8-bit remainder or
32 bits + 16 bits — 16-bit quotient and 16-bit remainder.
CMP B/WI/L Rd - Rs, Rd-#IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR bits according to the
result.
NEG B/WI/L 0-Rd — Rd
Takes the two's complement (arithmetic complement) of data in a
general register.
EXTU WI/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.
EXTS W/L Rd (sign extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.
TAS* B @ERd -0, 1 — (<bit 7> of @ERd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.
MAC — (EAs) x (EAd) + MAC —» MAC
Performs signed multiplication on memory contents and adds the result
to the multiply-accumulate register. The following operations can be
performed:
16 bits x 16 bits + 32 bits — 32 bits, saturating
16 bits x 16 bits + 42 bits — 42 bits, non-saturating
CLRMAC — 0 —> MAC
Clears the multiply-accumulate register to zero.
LDMAC L Rs -» MAC, MAC — Rd
STMAC Transfers data between a general register and a multiply-accumulate
register.
Notes: 1. Size refers to the operand size.
B: Byte
W: Word
L: Longword
2. Only register ERO, ER1, ER4, or ERS5 should be used when using the TAS instruction.
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Table 2.5

Instruction Size*

Logic Operations Instructions

Function

AND B/WI/L Rd A Rs —» Rd, Rd A #IMM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/WI/L Rd v Rs —» Rd, Rdv #IMM — Rd
Performs a logical OR operation on a general register and another
general register or immediate data.
XOR B/W/L Rd ® Rs - Rd, Rd @ #IMM — Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.
NOT B/W/L ~ (Rd) — (Rd)
Takes the one's complement (logical complement) of general register
contents.
Note: Size refers to the operand size.
B: Byte
W: Word
L: Longword
Table 2.6  Shift Instructions
Instruction Size* Function
SHAL B/WI/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/WI/L Rd (shift) > Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L Rd (rotate) —» Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/WI/L Rd (rotate) — Rd
ROTXR Rotates general register contents through the carry flag.
1-bit or 2-bit rotation is possible.
Note: Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2.7  Bit Manipulation Instructions (1)

Instruction Size* Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BCLR B 0 — (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B ~ (<bit-No.> of <EAd>) —» Z
Tests a specified bit in a general register or memory operand and sets
or clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND B C A (<bit-No.> of <EAd>) —» C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C A [~ (<bit-No.> of <EAd>)] -» C
ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C v [~ (<bit-No.> of <EAd>)] - C
ORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

Note: Size refers to the operand size.
B: Byte
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Table 2.7  Bit Manipulation Instructions (2)

Instruction  Size*'

Function

BXOR B C ® (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a general register
or memory operand and stores the result in the carry flag.

BIXOR B C ® [~ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) —» C
Transfers a specified bit in a general register or memory operand to
the carry flag.

BILD B ~ (<bit-No.> of <EAd>) —» C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B ~ C —> (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.
The bit number is specified by 3-bit immediate data.

Note: Size refers to the operand size.

B: Byte
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Table 2.8  Branch Instructions
Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High CvZ=0
BLS Low or same CvZ=1
BCC (BHS) Carry clear C=0
(high or same)
BCS (BLO) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal N®eV=0
BLT Less than N®V=1
BGT Greater than Zv(N®V)=0
BLE Less or equal Zv(N®V)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
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Table 2.9  System Control Instructions

Instruction Size* Function
TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) —» CCR, (EAs) —» EXR
Transfers the contents of a general register or memory, or immediate
data to CCR or EXR. Although CCR and EXR are 8-bit registers, word-
size transfers are performed between them and memory. The upper 8
bits are valid.
STC B/W CCR — (EAd), EXR — (EAd)
Transfers CCR or EXR contents to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2—-PC

Only increments the program counter.

Note: Size refers to the operand size.

B: Byte

W: Word
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Table 2.10 Block Data Transfer Instructions

Instruction Size Function
EEPMOV.B — if R4L # 0 then
Repeat @ER5+ —» @ERG6G+
R4L-1 —» R4L
UntilR4L =0
else next;
EEPMOV.W — if R4 = 0 then
Repeat @ER5+ —» @ERG6G+
R4-1 - R4
UntilR4 =0
else next;

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location
set in ERG.

Execution of the next instruction begins as soon as the transfer is
completed.

2.6.2 Basic Instruction Formats

The H8S/2600 Series instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), a register field (1), an effective address extension (EA), and a condition field

(co).

Figure 2.11 shows examples of instruction formats.
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e Operation Field

Indicates the function of the instruction, the addressing mode, and the operation to be carried
out on the operand. The operation field always includes the first four bits of the instruction.
Some instructions have two operation fields.

e Register Field

Specifies a general register. Address registers are specified by 3 bits, data registers by 3 bits or
4 bits. Some instructions have two register fields. Some have no register field.

e Effective Address Extension
8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
e Condition Field

Specifies the branching condition of Bcc instructions.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op rn rm ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op n rm

MOV.B @(d:16, Rn), Rm, etc.
EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc.

Figure 2.11 Instruction Formats (Examples)
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2.7 Addressing Modes and Effective Address Calculation

The H8S/2600 CPU supports the eight addressing modes listed in table 2.11. The usable address
modes are different in each instruction.

Arithmetic and logic instructions can use the register direct and immediate modes. Data transfer
instructions can use all addressing modes except program-counter relative and memory indirect.
Bit manipulation instructions use register direct, register indirect, or absolute addressing mode to
specify an operand, and register direct (BSET, BCLR, BNOT, and BTST instructions) or
immediate (3-bit) addressing mode to specify a bit number in the operand.

Table 2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #xX:8/#xx:16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @ @aa:8

2,71 Register Direct—Rn

The register field of the instruction code specifies an 8-, 16-, or 32-bit general register containing
the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7 and EO to
E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit registers.

2.7.2 Register Indirect—@ERn

The register field of the instruction code specifies an address register (ERn) which contains the
address of the operand on memory. If the address is a program instruction address, the lower 24
bits are valid and the upper 8 bits are all assumed to be 0 (H'00).
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2.7.3 Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction code, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

2.7.4 Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @-ERn

Register indirect with post-increment— @ERn+: The register field of the instruction code
specifies an address register (ERn) which contains the address of a memory operand. After the
operand is accessed, 1, 2, or 4 is added to the address register contents and the sum is stored in the
address register. The value added is 1 for byte access, 2 for word transfer instruction, or 4 for
longword transfer instruction. For word or longword transfer instruction, the register value should
be even.

Register indirect with pre-decrement—@-ERn: The value 1, 2, or 4 is subtracted from an
address register (ERn) specified by the register field in the instruction code, and the result
becomes the address of a memory operand. The result is also stored in the address register. The
value subtracted is 1 for byte access, 2 for word transfer instruction, or 4 for longword transfer
instruction. For word or longword transfer instruction, the register value should be even.

2.7.5 Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits long
(@aa:32). Table 2.12 indicates the accessible absolute address ranges.

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF).
For a 16-bit absolute address, the upper 16 bits are a sign extension. A 32-bit absolute address can
access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).
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Table 2.12 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FF00 to H'FFFF H'FFFFO0O0 to H'FFFFFF
16 bits (@aa:16) H'0000 to H'FFFF H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction 24 bits (@aa:24)
address

Note: * Not available in this LSI.

2.7.6 Immediate—#xx:8, #xx:16, or #xx:32

The instruction code contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data as
an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

2.7.7 Program-Counter Relative—@(d:8, PC) or @(d:16, PC)

This mode is used in the Bcc and BSR instructions. An 8-bit or 16-bit displacement contained in
the instruction code is sign-extended and added to the 24-bit PC contents to generate a branch
address. Only the lower 24 bits of this branch address are valid; the upper 8 bits are all assumed to
be 0 (H'00). The PC value to which the displacement is added is the address of the first byte of the
next instruction, so the possible branching range is —126 to +128 bytes (—63 to +64 words) or —
32766 to +32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value
should be an even number.
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2.7.8 Memory Indirect—@ @aa:8

This mode can be used by the JMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The upper bits of the absolute address are all assumed to be 0, so the address range is 0 to 255
(H'0000 to H'OOFF in normal mode, H'000000 to H'O00OFF in advanced mode).

In normal mode the memory operand is a word operand and the branch address is 16 bits long. In
advanced mode the memory operand is a longword operand, the first byte of which is assumed to
be all 0 (H'00). Note that the first part of the address range is also the exception-handling vector
area. For further details, refer to section 4, Exception Handling.

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or instruction code to be fetched
at the address preceding the specified address. (For further information, see section 2.5.2, Memory
Data Formats.)

Note: Normal mode is not available in this LSI.

\/\\/—\

Specified — Specified ~| Reserved
by @aa:8 [~" Branch address - - -+ by @aa:8

\/\

(a) Normal Mode* (a) Advanced Mode

Note: * Normal mode is not available in this LSI.

Figure 2.12 Branch Address Specification in Memory Indirect Mode

2.7.9 Effective Address Calculation

Table 2.13 indicates how effective addresses (EA) are calculated in each addressing mode. In
normal mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit
address.

Note: Normal mode is not available in this LSI.
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Table 2.13 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 Register direct (Rn)
“ Operand is general register contents.
2 Register indirect (@ERN) 31 0 31 2423 0
I General register contents |——>|Don't carel
3 | Register indirect with displacement
@(d:16,ERn) or @(d:32,ERn) 31 0
[ I General register contents
5 p s 31 2423 0
| P | | | P | ——lDon't carel
31 0
| Sign extension | disp
4 Register indirect with post-increment or
pre-decrement 31 31 2423 0
*Register indirect with post-increment @ERN+ [ - -
1 General register contents ——lDDnl carel
*Register indirect with pre-decrement @-ERn 31
I General register contents 31 2423 0
_.|Don't carel
Operand Size Offset
Byte 1
Word 2
Longword 4

RENESAS
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Table 2.13 Effective Address Calculation (2)

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

5 Absolute address

@aa:8 31 24 23 87
“ abs |D0n't carel H'FFFF |
@aa:l6 31 2423 16 15
| op | abs | |Don't carel Sign extensionl
@aa:24 31 2423
| op | abs | |D0n't carel
I t

@aa:32

op 31 2423

abs |Don't carel

6 | Immediate

#xx:8/H#xx:16/#xx:32

op IMM

Operand is immediate data.

7 Program-counter relative 23
@(d:8,PC)/@(d:16,PC) PC contents h
op disp 23 t
Sign
extension 31 2423
|Don't carel
8 | Memory indirect @@aa:8
« Normal mode*
31 87 l 0
| oo | s H000000 | abs |
15 0 31 2423 16 15
Memory contents | |D0n't carel H'00 |
« Advanced mode
31 87 l 0
| oo [ abs H000000 | abs | 31 2423
31 0 |Don't carel
Memory contents | T
1
Note: * Normal mode is not available in this LSI.
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2.8 Processing States

The H8S/2600 CPU has five main processing states: the reset state, exception handling state,
program execution state, bus-released state, and program stop state. Figure 2.13 indicates the state
transitions.

e Reset State
The CPU and on-chip peripheral modules are all initialized and stop. When the RES input goes
low, all current processing stops and the CPU enters the reset state. All interrupts are masked
in the reset state. Reset exception handling starts when the RES signal changes from low to
high. For details, refer to section 4, Exception Handling.
The reset state can also be entered by a watchdog timer overflow.

e Exception-Handling State
The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to an exception source, such as, a reset, trace, interrupt, or trap instruction.
The CPU fetches a start address (vector) from the exception-handling vector table and
branches to that address. For further details, refer to section 4, Exception Handling.

e Program Execution State
In this state the CPU executes program instructions in sequence.

e Bus-Released State
In a product which has a bus mastership other than the CPU, such as a direct memory access
controller (DMAC) and a data transfer controller (DTC), the bus-released state occurs when
the bus has been released in response to a bus request from a bus mastership other than the
CPU. While the bus is released, the CPU halts operations.

e Program stop state
This is a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For further
details, refer to section 22, Power-Down Modes.
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End of bus request

Bus request

Sleep mode

Software standby
mode

Hardware standby
mode™?

Power down state"®

N

:
:
! Reset state™
:
:

Reset state

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES goes low.
A transition can also be made to the reset state when the watchdog timer overflows.
2. In every state, when the STBY pin becomes low, the hardware standby mode is entered.
3. For details, refer to section 22, Power-Down Modes.

Figure 2.13 State Transitions
29 Usage Note

29.1 Usage Notes on Bit-Wise Operation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions are used to read data in bytes, operate the
data in bit units, and write the result of the bit unit operation in bits again. Therefore, special care
is necessary to use these instructions for the registers and the ports that include write-only bit.

The BCLR instruction can be used to clear the flags in the internal I/O registers to 0. In this time,
if it is obvious that the flag has been set to 1 in the interrupt handler, there is no need to read the
flag beforehand.
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Section 3 MCU Operating Modes

3.1 Operating Mode Selection

This LSI has four operating modes (modes 1, 3, 5, and 7). These modes are determined by the
mode pin settings (MD2, MD1, and MDO). For normal program execution mode, the mode pins
must be set to mode 7. Do not change the mode pins while in the middle of an operation. Table 3.1
shows the MCU operating mode selection.

Table 3.1 MCU Operating Mode Selection

MCU Operating CPU Operating

Mode MD2 MD1 MDO Mode Description

1 0 0 1 Boot mode Flash memory programming/erasing
3 0 1 1 Emulation On-chip emulation mode

5 1 0 1 User boot mode Flash memory programming/erasing
7 1 1 1 Advanced Single-chip mode with on-chip ROM

enable extended mode

Modes 0, 2, 4, and 6 are not available with this LSI.

After a reset in mode 7, the operation is started in single-chip mode. It is possible to shift to
extended mode when the EXPE bit in MDCR is set to 1.

Modes 1 and 5 are boot modes for flash memory programming/erasing. For details, refer to section
20, Flash Memory (0.18-um F-ZTAT Version).

Mode 3 is on-chip emulation mode. The JTAG interface is controlled by the on-chip emulator, on-
chip emulation is possible.
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3.2 Register Descriptions
The following registers are related to the operating mode.

e Mode control register (MDCR)
e System control register (SYSCR)

3.2.1 Mode Control Register (MDCR)
MDCR monitors the current operating mode and operating mode settings.

Bit Bit Name Initial Value R/W Descriptions

7 EXPE 0 R/W Extended Mode Enable
Extended Mode Set Up
0: Single-chip mode

1: Extended mode

6to3 — All O R Reserved

2 MDS2 —* R Mode Select 2 to 0

1 MDSH1 —* R These bits indicate the input levels at pins MD2 to
0 MDSO o R MDO (the current operating mode). Bits MDS2 to

MDSO correspond to MD2 to MDO. MDS2 to
MDSO are read-only bits and they cannot be
written to

The mode pin (MD2 to MDO) input levels are
latched into these bits when MDCR is read.
These latches are canceled by a reset

Note: * Determined by pins MD2 to MDO.
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3.2.2 System Control Register (SYSCR)

SYSCR selects saturating calculation for the MAC instruction, and controls reset source monitor,
Ram address space, and on-chip flash memory control.

Bit Bit Name |Initial Value R/W Descriptions
7 MACS 0 R/W  MAC Saturation

Selects either saturating or non-saturating calculation
for the MAC instruction.

0: Non-saturating calculation for MAC instruction

1: Saturating calculation for MAC instruction

6to4 — All O R/W  Reserved
The initial value should not be changed.
3 XRST 1 R External Reset

Indicates reset source. Reset occurs as external reset
input or watchdog timer overflow.

0: Generated by watchdog timer overflow
1: Generated by external reset
2 FLASHE 0 R/W  Flash Memory Control Register Enable

Controls CPU access to the flash memory control
registers (FCCS, FPCS, FECS, FKEY, FMATS, and
FTDAR).

0: Flash memory control registers are not selected

1: Flash memory control registers are selected

1 — 0 R/W  Reserved
The initial value should not be changed.
0 RAME 1 R/W  RAM Enable

Enables or disables the on-chip RAM. The RAME bit
is initialized when the reset status is released.

0: On-chip RAM is disabled
1: On-chip RAM is enabled
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33 Operating Mode Descriptions

3.3.1 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
The initial mode after a reset is single-chip mode, to use the external address space, set the EXPE
bit in MDCR to 1.

Normal Extended Mode:
After a reset, ports 1 and 2 become input ports.

The address bus can be output when the corresponding port data direction register (DDR) is set to
1. Port 3 is a data bus, part of port 9 and port A become a bus control signal. When the ABWn bit
in BCRAn is cleared to 0, port 6 becomes the data bus. (n =1 to 3)

Multiplex Extended Mode:

When using an 8-bit bus, regardless of the data direction register (DDR) setting of port 2, it
becomes an address output and data input/output port. Port 1 can be used as a general port.

When using a 16-bit bus, regardless of the data direction register (DDR) setting of port 1 or 2, they
become address output and data input/output ports.
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3.3.2 Pin Functions

The pin functions of ports 1 to 3, 6, 9, and A change according to operating modes. Table 3.2
shows the pin functions in each operating mode.

Table 3.2  Pin Functions in Each Operating Mode

Mode 7
Port Normal Extended Mode Multiplex Extended Mode
Port 1 P*/A P+/AD
Port 2 P*/A P*/AD
Port 3 P*/D P
Port 6 P*/D P*
Port 9 P*/C P*/C
Port A PA7 P*/C P*/C
[Legend]

P: Input/output port

A: Address bus output

D: Data bus input/output

AD: Address data multiplex input/output
C: Control signals, clock input/output
Note: * Afterareset

RENESAS
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34 Memory Map

Figure 3.1 shows a memory map.

ROM : 256 kbytes, RAM : 16 kbytes

Mode 7 (EXPE = 1)
Advanced mode

External mode with on-chip ROM enabled

H'000000
On-chip ROM
H'03FFFF
H'040000
Reserved
H'07FFFF
H'080000
External
address space
HFBFFFF | .
H'FC0000 Area 1
HFCFFFF | o o e eeeeeeeees
H'FD0000 Area 2
HFEDFFFF | e ieeeaaas
H'FE0000 Area 3
H'FEFFFF
H'FFO000
Reserved
H'FF6000
On-chip RAM
16384 bytes *
H'FFOFFF
H'FFA000
Reserved
H'FFBFFF
H'FFC000 i
HEFFEFF Internal I/O register 2
H'FFFF00
HFFFF7F Reserved
H'FFFF80 ;
HEEFFEE Internal I/O register 1

ROM : 256kbytes, RAM : 16kbytes
Mode 7 (EXPE = 0)
Advanced mode
Single-chip mode
H'000000
On-chip ROM
H'03FFFF
H'040000
Reserved
H'07FFFF
H'080000
Reserved
H'FFO000
Reserved
H'FF6000
On-chip RAM
16384 bytes
H'FFOFFF
H'FFA000
Reserved
H'FFBFFF
:EEESE& Internal 1/O register 2
H'FFFFO0
HFFFF7F Reserved
H'FFFF80 ’
HEEFEFE Internal I/0 register 1

Note : * This area can be specified as an external address area by clearing the RAME bit in SYSCR to 0.

Figure 3.1 Memory Map
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4.1

Section 4 Exception Handling

Exception Handling Types and Priority

As table 4.1 indicates, exception handling may be caused by a reset, trace, interrupt, or trap
instruction. Exception handling is prioritized as shown in table 4.1. If two or more exceptions
occur simultaneously, they are accepted and processed in order of priority. Exception sources, the
stack structure, and operation of the CPU vary depending on the interrupt control mode. For
details on the interrupt control mode, refer to section 5, Interrupt Controller.

Table 4.1

Exception Types and Priority

Priority Exception Type

Start of Exception Handling

High
4&

v

Low

Reset

Starts immediately after a low-to-high transition at the RES
pin, or when the watchdog timer overflows. The CPU enters
the reset state when the RES pin is low

Trace*'

Starts when execution of the current instruction or exception
handling ends, if the trace (T) bit in the EXR is set to 1.

Direct transition**

Starts when the direct transition occurs by execution of the
SLEEP instruction.

Interrupt

Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.
Interrupt detection is not performed on completion of ANDC,
ORC, XORC, or LDC instruction execution, or on completion
of reset exception handling.

Trap instruction

Started by execution of a trap instruction (TRAPA)

Trap instruction exception handling requests are accepted at
all times in program execution state.

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.

2. Not available in this LSI.
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4.2 Exception Sources and Exception Vector Table

Different vector addresses are assigned to different exception sources. Table 4.2 lists the exception

sources and their vector addresses. Since the usable modes differ depending on the product, for
details on each product, refer to section 3, MCU Operating Modes.

Table 4.2

Exception Source

Exception HandlingVector Table

Vector Number

Vector Address*'

Normal Mode**

Advanced Mode

Power-on reset

H'0000 to H'0001

H'0000 to H'0003

Manual reset**

H'0002 to H'0003

H'0004 to H'0007

Reserved for system use

H'0004 to H'0005

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

H'0008 to H'0009

H'0010 to H'0013

Trace

H'000A to H'000B

H'0014 to H'0017

Interrupt (direct transition)*®

H'000C to H'000D

H'0018 to H'001B

Interrupt (NMI)

H'000E to H'000F

H'001C to H'001F

Trap instruction (#0)

(#1
#2

)
)

(#3)

O|N[oOO|O|A~|W[N| =[O

H'0010 to H'0011

H'0020 to H'0023

H'0012 to H'0013

H'0024 to H'0027

H'0014 to H'0015

H'0028 to H'002B

11

H'0016 to H'0017

H'002C to H'002F

Reserved for system use

12

H'0018 to H'0019

H'0030 to H'0033

13

H'001A to H'001B

H'0034 to H'0037

14

H'001C to H'001D

H'0038 to H'003B

15

H'001E to H'001F

H'003C to H'003F

External interrupt

IRQO

16

H'0020 to H'0021

H'0040 to H'0043

IRQ1

17

H'0022 to H'0023

H'0044 to H'0047

IRQ2

18

H'0024 to H'0025

H'0048 to H'004B

IRQ3

19

H'0026 to H'0027

H'004C to H'004F

IRQ4

20

H'0028 to H'0029

H'0050 to H'0053

IRQ5

21

H'002A to H'002B

H'0054 to H'0057

IRQ6

22

H'002C to H'002D

H'0058 to H'005B

IRQ7

23

H'002E to H'002F

H'005C to H'005F
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Vector Address*'

Exception Source Vector Number Normal Mode** Advanced Mode

Internal interrupt** 24 H'0030 to H'0031 H'0060 to H'0063
| | |

127 H'0OOFE to H'OOFF H'01FC to H'O1FF

Notes: 1. Lower 16 bits of the address.
2. Not available in this LSI.
3. Not available in this LSI. Becomes reserved for system use.

4. For details on internal interrupt vectors, see section 5.5, Interrupt Exception Handling
Vector Table.

4.3 Reset

A reset has the highest exception priority. When the RES pin goes low, all processing halts and
this LSI enters the reset. To ensure that this LSI is reset, hold the RES pin low for at least 20 ms at
power-up. To reset the chip during operation, hold the RES pin low for at least 20 states. A reset
initializes the internal state of the CPU and the registers of on-chip peripheral modules.

The chip can also be reset by overflow of the watchdog timer. For details see section 15,
Watchdog Timer (WDT).

The interrupt control mode is 0 immediately after reset.

4.3.1 Reset exception handling

When the RES pin goes high after being held low for the necessary time, this LSI starts reset
exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip peripheral modules are
initialized, the T bit is cleared to O in EXR, and the I bit is set to 1 in EXR and CCR.

2. The reset exception-handling vector address is read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figure 4.1 shows an example of the reset sequence.
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Internal Prefetch of first
Vector fetch processing program instruction

i

E=d

RES /

Internal
1
address bus @

(©) (®)

Internal read
signal

S

Internal write
signal

High |

Internal data
bus

@ { @)

(1)(3) Reset exception-handling vector address (when reset, (1)=H'000000, (3)=H'000002)
(2)(4) Start address (contents of reset exception-handling vector address)

(5) Start address ((5)=(2)(4))

(6)  First program instruction

it

Figure 4.1 Reset Sequence

4.3.2 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

4.3.3 On-Chip Peripheral Functions after Reset Release

After reset release, the module stop control register (MSTPCR, EXMSTPCR) is initialized and all
modules enter module stop mode.

Consequently, on-chip peripheral module registers cannot be read or written to. Register reading
and writing is enabled when module stop mode is exited.
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4.4 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. For details on interrupt control modes, see section 5,
Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by interrupt masking. Table 4.3 shows
the state of CCR and EXR after execution of trace exception handling. Trace mode is canceled by
clearing the T bit in EXR to 0. The T bit saved on the stack retains its value of 1, and when control
is returned from the trace exception handling routine by the RTE instruction, trace mode resumes.
Trace exception-handling is not carried out after execution of the RTE instruction.

Interrupts are accepted even within the trace exception-handling routine.

Table 4.3  Status of CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
[Legend]
1: Setto1

0: Clearedto 0
—: Retains value prior to execution.

4.5 Interrupts

Interrupts are controlled by the interrupt controller. The interrupt controller has two interrupt
control modes and can assign interrupts other than NMI to eight priority/mask levels to enable
multiplexed interrupt control. For details on the source that starts interrupt exception handling and
the vector address, refer to section 5, Interrupt Controller.

The interrupt exception handling is as follows:

1. The values in the program counter (PC), condition code register (CCR), and extended register
(EXR) are saved in the stack.

2. The interrupt mask bit is updated and the T bit is cleared to O.

A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution starts from that address.
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4.6 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all times in the program execution state.

The trap instruction exception handling is as follows:

1. The values in the program counter (PC), condition code register (CCR), and extended register
(EXR) are saved in the stack.

2. The interrupt mask bit is updated and the T bit is cleared to 0.

3. A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution starts from that address.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from O to 3, as specified in the instruction code.

Table 4.4 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table 4.4  Status of CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 1 — — —
2 1 — — 0
[Legend]
1: Setto1

0: Clearedto 0
—: Retains value prior to execution.
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4.7 Stack Status after Exception Handling

Figure 4.2 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

(a) Normal Modes*2

SP—~ EXR
Reserved*1
SP— CCR CCR
CCR*1 CCR*1
PC (16 bits) PC (16 bits)
Interrupt control mode 0 Interrupt control mode 2
(b) Advanced Modes
SP— EXR
Reserved*!
SP— CCR CCR
PC (24 bits) PC (24 bits)
Interrupt control mode 0 Interrupt control mode 2

Notes: 1. Ignored on return.
2. Normal modes are not available in this LSI.

Figure 4.2 Stack Status after Exception Handling
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4.8 Usage Note

When accessing word data or longword data, this LST assumes that the lowest address bit is 0. The
stack should always be accessed by word size or longword size and the value of the stack pointer
(SP, ER7) should always be kept even. Use the following instructions to save registers:

PUSH.W Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4.3 shows an example of operation
when the SP value is odd.

Address

CCR SP— R1L H'FFFEFA
Sp— H'FFFEFB
PC PC H'FFFEFC
~ |HerrerD
______________________________________________________ H'FFFEFE
sP— H'FFFEFF

TRAP instruction executed MOV.B R1L, @-ER7
—> —
SP set to H'FFFEFF Data saved above SP Contents of CCR lost

[Legend]

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0, in advanced mode.

Figure 4.3 Operation when SP Value is Odd
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Section 5 Interrupt Controller

5.1 Features

Two interrupt control modes

Any of two interrupt control modes can be set by means of the INTM1 and INTMO bits in the
interrupt control register (INTCR).

Priorities settable with IPR

An interrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI. NMI is assigned the highest
priority level of 8, and can be accepted at all times.

Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecessary for the
source to be identified in the interrupt handling routine.

Nine external interrupts

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling edge can
be selected for NMI. Falling edge, rising edge, or both edge detection, or level sensing, can be
selected for IRQ7 to IRQO.
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A block diagram of the interrupt controller is shown in figure 5.1.

NMI input

IRQ input

Internal

interrupt
sources
WOVI to
IICI3

CPU

|CCR|

INTM1, INTMO
INTCR |
NMIEG L
> NMI input unit —> |nterrupt
request
1 IRQ input unit - "
. ISR — Vector
2 N number
ISCR Priority
determination
|
12 t0 10
Interrupt controller

[Legend]

ISCR: IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

IPR: Interrupt priority register

INTCR: Interrupt control register

Figure 5.1 Block Diagram of Interrupt Controller
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5.2 Input/Output Pins
Table 5.1 shows the pin configuration of the interrupt controller.

Table 5.1  Pin Configuration

Name 1/0 Function

NMI Input Nonmaskable external interrupt

Rising or falling edge can be selected.

IRQ7 to IRQO Input Maskable external interrupts

Rising, falling, or both edges, or level sensing, can be
selected.

5.3 Register Descriptions
The interrupt controller has the following registers.

o Interrupt control register (INTCR)

e IRQ sense control register H (ISCR)

¢ IRQ enable register (IER)

e [IRQ status register (ISR)

o Software standby release IRQ enable register (SSIER)
e Interrupt priority register A to K (IPRA to IPRK)
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5.3.1 Interrupt Control Register (INTCR)

INTCR selects the interrupt control mode, and the detected edge for NMI.

Bit Bit Name

Initial Value R/W

Description

R/(W)
R/(W)

Reserved
The initial value should not be changed.

INTMA1
INTMO

A~ O o N

0
0
0
0

R/W
R/W

Interrupt Control Select Mode 1 and 0

These bits select either of two interrupt control
modes for the interrupt controller.

00: Interrupt control mode 0

Interrupts are controlled by | bit.

01: Setting prohibited

10: Interrupt control mode 2

Interrupts are controlled by bits 12 to 10 and IPR.
11: Setting prohibited.

3 NMIEG

R/W

NMI Edge Select
Selects the input edge for the NMI pin.

0: Interrupt request generated at falling edge of NMI
input

1: Interrupt request generated at rising edge of NMI
input

2to0 —

AllO

R/(W)

Reserved
The initial value should not be changed.
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53.2 Interrupt Priority Registers A to K (IPRA to IPRK)

IPR are eleven 16-bit readable/writable registers that set priorities (levels 7 to 0) for interrupts
other than NMI.

The correspondence between interrupt sources and IPR settings is shown in table 5.2. Setting a
value in the range from H'O to H'7 in the 3-bit groups of bits 14 to 12, 10to 8, 6 to 4, and 2to 0
sets the priority of the corresponding interrupt.

Bit Bit Name Initial Value R/W Description
15 — 0 — Reserved

This bit is always read as 0. Write is invalid.

14 IPR14 1 R/W Sets the priority of the corresponding interrupt source.
13 IPR13 1 R/W 000

12 IPR{2 1 R/W : Priority level O (Lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)

11 — 0 — Reserved

This bit is always read as 0. Write is invalid.

10 IPR10 1 R/W Sets the priority of the corresponding interrupt source.
g :ggg 1 EANNV 000: Priority level O (Lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)

7 — 0 — Reserved
This bit is always read as 0. Write is invalid.
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Bit Bit Name Initial Value R/W Description

6 IPR6 1 R/W Sets the priority of the corresponding interrupt source.
5 IPRS 1 R/W 000: Priority level 0 (Lowest)
4 IPR4 1 R/W

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)

3 — 0 — Reserved
This bit is always read as 0. Write is invalid.

2 IPR2 1 R/W Sets the priority of the corresponding interrupt
1 IPR1 1 R/W source.
0 IPRO 1 R/W

000: Priority level 0 (Lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)
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5.3.3

IRQ Enable Register (IER)

IER controls enabling and disabling of interrupt requests IRQ7 to IRQO.

Bit  Bit Name Initial Value R/W Description

7 IRQ7E 0 R/W IRQ7 Enable
The IRQ7 interrupt request is enabled when this bit is
1

6 IRQ6E 0 R/W IRQ6 Enable
The IRQ6 interrupt request is enabled when this bit is
1

5 IRQ5E 0 R/W IRQ5 Enable
The IRQS5 interrupt request is enabled when this bit is
1

4 IRQ4E 0 R/W IRQ4 Enable
The IRQ4 interrupt request is enabled when this bit is
1

3 IRQ3E 0 R/W IRQ3 Enable
The IRQ3 interrupt request is enabled when this bit is
1

2 IRQ2E 0 R/W IRQ2 Enable
The IRQ2 interrupt request is enabled when this bit is
1

1 IRQ1E 0 R/W IRQ1 Enable
The IRQ1 interrupt request is enabled when this bit is
1

0 IRQOE 0 R/W IRQO Enable
The IRQO interrupt request is enabled when this bit is
1
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534 IRQ Sense Control Registers (ISCR)

ISCR select the source that generates an interrupt request at pins IRQ7 to IRQO.

Bit Bit Name Initial Value R/W

Description

15 IRQ7SCB 0 R/W
14 IRQ7SCA 0 R/W

IRQ7 Sense Control B
IRQ7 Sense Control A

00: Interrupt request generated at IRQ7 input low
level

01: Interrupt request generated at falling edge of
IRQ7 input

10: Interrupt request generated at rising edge of IRQ7
input

11: Interrupt request generated at both falling and
rising edges of IRQ7 input

13 IRQ6SCB 0 R/W
12 IRQ6SCA 0 R/W

IRQ6 Sense Control B
IRQ6 Sense Control A

00: Interrupt request generated at IRQ6 input low
level

01: Interrupt request generated at falling edge of
IRQ6 input

10: Interrupt request generated at rising edge of IRQ6
input

11: Interrupt request generated at both falling and
rising edges of IRQ6 input

11 IRQ5SCB 0
10 IRQ5SCA 0O

R/W
R/W

IRQ5 Sense Control B
IRQ5 Sense Control A

00: Interrupt request generated at IRQ5 input low
level

01: Interrupt request generated at falling edge of
IRQ5 input

10: Interrupt request generated at rising edge of
IRQ5 input

11: Interrupt request generated at both falling and
rising edges of IRQ5 input
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Bit

Bit Name

Initial Value R/W

Description

9
8

IRQ4SCB
IRQ4SCA

0 R/W
0 R/W

IRQ4 Sense Control B
IRQ4 Sense Control A

00: Interrupt request generated at IRQ4 input low
level

01: Interrupt request generated at falling edge of
IRQ4 input

10: Interrupt request generated at rising edge of IRQ4
input

11: Interrupt request generated at both falling and
rising edges of IRQ4 input

6

IRQ3SCB
IRQ3SCA

IRQ3 Sense Control B
IRQ3 Sense Control A

00: Interrupt request generated at IRQ3 input low
level

01: Interrupt request generated at falling edge of
IRQ3 input

10: Interrupt request generated at rising edge of IRQ3
input

11: Interrupt request generated at both falling and
rising edges of IRQ3 input

5
4

IRQ2SCB
IRQ2SCA

IRQ2 Sense Control B
IRQ2 Sense Control A

00: Interrupt request generated at IRQ2 input low
level

01: Interrupt request generated at falling edge of
IRQ2 input

10: Interrupt request generated at rising edge of IRQ2
input

11: Interrupt request generated at both falling and
rising edges of IRQ2 input
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Bit Bit Name Initial Value R/W

Description

3 IRQ1SCB 0 R/W
2 IRQ1ISCA 0 R/W

IRQ1 Sense Control B
IRQ1 Sense Control A

00: Interrupt request generated at IRQ1 input low
level

01: Interrupt request generated at falling edge of
IRQ1 input

10: Interrupt request generated at rising edge of IRQ1
input

11: Interrupt request generated at both falling and
rising edges of IRQ1 input

—_

IRQOSCB 0 R/W
0 IRQOSCA © R/W

IRQO Sense Control B
IRQO Sense Control A

00: Interrupt request generated at IRQO input low
level

01: Interrupt request generated at falling edge of
IRQO input

10: Interrupt request generated at rising edge of IRQO
input

11: Interrupt request generated at both falling and
rising edges of IRQO input
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5.3.5 IRQ Status Register (ISR)

ISR is an IRQ7 to IRQO interrupt request flag register.

Bit Bit Name Initial Value R/W Description

7 IRQ7F 0 R/(W)* [Setting condition]

6 IRQ6F 0 R/(W)* e When the interrupt source selected by ISCR

5 IRQ5F 0 R/(W)* occurs

4 IRQ4FE 0 R/(W)* [Clearing conditions]

3 IRQ3F 0 R/(W)* e Cleared after reading condition1, when written as
2 IRQ2F 0 RI(W)x 0

1 IRQ1F 0 R/(W)* When interrupt exception handling iseicuted

0 IRQOF 0 R/(W)* when low-level detection is set and IRQn input is

high

¢ When IRQn interrupt exception handling is
executed while detecting the falling edge, rising
edge, or both

Note: * Only 0 can be written, to clear the flag.

5.3.6 Software Standby Release IRQ Enable Register (SSIER)

SSIER selects the IRQ pins used to recover from the software standby state.

Bit Bit Name Initial Value R/W Description
7 SSI7 0 R/W Software Standby Release IRQ Setting
6 SSl6 0 R/W These bits select the IRQnN pins used to recover from
5 ssi5 0 R/W the software standby state.
4 ssl4 0 R/W 0: IRQnN requests are not sampled in the software
standby state (Initial value when n =7 to 3).

3 SSI3 0 R/W )

1: When IRQn request occurs in the software standby
2 SSI2 1 R/W state, the chip recovers from the software standby
1 SSH 1 R/W state after the elapse of the oscillation settling time
0 sSI10 1 RIW (Initial value when n = 2 to 0).
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54 Interrupt Sources

54.1 External Interrupt Sources

There are nine external interrupts: NMI and IRQ7 to IRQOQ. These interrupts can be used to restore
the chip from software standby mode.

NMI Interrupt: Nonmaskable interrupt request (NMI) is the highest-priority interrupt, and is
always accepted by the CPU regardless of the interrupt control mode or the status of the CPU
interrupt mask bits. The NMIEG bit in INTCR can be used to select whether an interrupt is
requested at a rising edge or a falling edge on the NMI pin.

IRQ7 to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pins IRQ7
to IRQO. Interrupts IRQ7 to IRQO have the following features.

o Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, at pins IRQ7 to IRQO.

e Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.

e The interrupt priority level can be set with IPR.

e The status of interrupt requests IRQ7 to IRQO is indicated in ISR. ISR flags can be cleared to 0
by software.

When IRQ7 to IRQO interrupt requests occur at low level of IRQn, the corresponding IRQ should
be held low until an interrupt handling starts. Then the corresponding IRQ should be set to high in
the interrupt handling routine and clear the IRQnF bit (n = 0 to 7) in ISR to 0. Interrupts may not
be executed when the corresponding IRQ is set to high before the interrupt handling starts.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. However, when a pin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an I/O pin for another function.
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A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.2.

IRQNE

IRQNSCA, IRQNSCB
l IRQNF
Edge/ } IRQn interrupt
—C{>— level detection » S Q request

circuit

IRQN R
input

Clear signal

Note: n=15t00

Figure 5.2 Block Diagram of Interrupts IRQ7 to IRQ0

54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. They can be controlled
independently. When the enable bit is set to 1, an interrupt request is sent to the interrupt
controller.

e The interrupt priority level can be set by means of IPR.
5.5  Interrupt Exception Handling Vector Table

Table 5.2 shows interrupt exception handling sources, vector addresses, and interrupt priorities.

For default priorities, the lower the vector number, the higher the priority. When interrupt control
mode 2 is set, priorities among modules can be changed by means of the IPR. Modules set at the
same priority will conform to their default priorities. Priorities within a module are fixed.
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Table 5.2  Interrupt Sources, Vector Addresses, and Interrupt Priorities
Origin of Vector Address*
Interrupt Interrupt Vector
Source Source Number  Advanced Mode IPR Priority
External NMI 7 H'001C — High
pin IRQO 16 H'0040 IPRA14 to IPRA12 A
IRQ1 17 H'0044 IPRA10 to IPRA8
IRQ2 18 H'0048 IPRAG to IPRA4
IRQ3 19 H'004C IPRA2 to IPRAO
IRQ4 20 H'0050 IPRB14 to IPRB12
IRQ5 21 H'0054 IPRB10 to IPRB8
IRQ6 22 H'0058 IPRB6 to IPRB4
IRQ7 23 H'005C IPRB2 to IPRBO
— Reserved for 24 H'0060 IPRC14 to IPRC12
systemuse o5 H'0064 IPRC10 to IPRC8
26 H'0068 IPRC6 to IPRC4
27 H'006C IPRC2 to IPRCO
28 H'0070 IPRD14 to IPRD12
29 H'0074
30 H'0078 IPRD10 to IPRD8
31 H'007C
32 H'0080 IPRD6 to IPRD4
WDT WOVI 33 H'0084 IPRD2 to IPRDO
— Reserved for 34 H'0088 IPRE14 to IPRE12
system use
35 H'008C
36 H0090
37 H'0094
38 H'0098
39 H'009C
40 H'00A0
41 H'00A4
42 H'00A8 IPRE10 to IPRES8
43 H'00AC IPRE10 to IPRES8 Low
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Origin of Vector Address*
Interrupt Interrupt Vector
Source Source Number  Advanced Mode IPR Priority
— Reserved for 44 H'00BO IPRES6 to IPRE4 High
system use 45 H'00B4 \
A/D ADI 46 H’00B8 IRPE2 to IRPEO
TPU_O TGIOA 47 H’00BC IPRF14 to IPRF12
TGIOB 48 H'00CO0
TGIOC 49 H'00C4
TCIOD 50 H'00C8
TCIOV 51 H'00CC
TPU_1  TGHA 52 H'00DO0 IPRF10 to IPRF8
TGI1B 53 H'00D4
TCHHV 54 H'00D8
TCHU 55 H'00DC
TPU_2 TGI2A 56 H'00EO IPRF6 to IPRF4
TGI2B 57 H'O0E4
TCl2Vv 58 H'0O0E8
TCl2U 59 H'00EC
TMRX_0 CMIAX0 60 H'00F0 IPRF2 to IPRFO
CMIBX0 61 H'00F4
OVIX0 62 H'00F8
ICIX0 63 H'00FC
FRT_O ICIAO 64 H'0100 IPRG14 to IPRG12
ICIBO 65 H'0104
ICICO 66 H'0108
ICIDO 67 H'010C
OCIA0 68 H'0110
OCIBO 69 H'0114
FOVIO 70 H'0118
TMRO_0 CMIAOO 71 H'011C IPRG10 to IPRG8
CMIB0OO 72 H'0120
OoVvIo0 73 H'0124 Low
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Origin of Vector Address*
Interrupt Interrupt Vector
Source Source Number  Advanced Mode IPR Priority
TMR1_0 CMIA10 74 H'0128 IPRGS6 to IPRG4 High
CMIB10 75 H'012C IPRGS6 to IPRG4 A
OovI10 76 H'0130
TMRY_0 CMIAYO 77 H'0134 IPRG2 to IPRGO
CMIBYO 78 H'0138
OVIYO 79 H'013C
TMRX_1 CMIAX1 80 H'0140 IPRH14 to IPRH12
CMIBX1 81 H'0144
OVIX1 82 H'0148
ICIX1 83 H'014C
FRT_1 ICIA1 84 H'0150 IPRH10 to IPRH8
ICIB1 85 H'0154
ICICA 86 H'0158
ICID1 87 H'015C
OCIA1 88 H'0160
OCIB1 89 H'0164
FOVIH 90 H'0168
TMRO_1 CMIAO1 91 H'016C IPRH6 to IPRH4
CMIBO1 92 H'0170
ovio1 93 H'0174
TMR1_1 CMIA11 94 H'0178 IPRH2 to IPRHO
CMIB11 95 H'017C
OVIi1 96 H'0180
TMRY_1 CMIAY1 97 H'0184 IPRI14 to IPRI12
CMIBY1 98 H'0188
OVIYA1 99 H'018C
Duty TWOVI 100 H'0190 IPRI10 to IPRI8
measure- TweNpI 101 H'0194
ment
circuit Low
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Origin of Vector Address*
Interrupt Interrupt Vector
Source Source Number  Advanced Mode IPR Priority
SCI_0 ERIO 102 H'0198 IPRI6 to IPRI4 High
RXI0 103 H'019C A
TXIO 104 H'01A0 IPRI6 to IPRI4
TEIO 105 H'01A4
SCI_1 ERI1 106 H'01A8 IPRI2 to IPRIO
RXI1 107 H'01AC
TXI1 108 H'01B0
TEN 109 H'01B4
SCI_2 ERI2 110 H'01B8 IPRJ14 to IPRJ12
RXI2 111 H'01BC
TXI2 112 H'01CO0
TEI2 113 H'01C4
SCI_3 ERI3 114 H'01C8 IPRJ10 to IPRJ8
RXI3 115 H'01CC
TXI3 116 H'01D0
TEI3 117 H'01D4
SCI_4 ERI4 118 H'01D8 IPRJ6 to IPRJ4
RX14 119 H'01DC
TXI4 120 H'01EO0
TEI4 121 H'01E4
IIC3_0 IICIO 122 H'01E8 IPRJ2 to IPRJO
IIC3_1 lnci 123 H'01EC IPRK14 to IPRK12
lIcC3_2 lICI2 124 H'01FO0 IPRK10 to IPRK8
IC3_3 IICI3 125 H'01F4 IPRK6 to IPRK4
— Reserved for 126 H'01F8 IPRK2 to IPRKO
system use
Reserved for 127 H'01EC
system use Low

Note:

ES

Lower 16 bits of the start address.
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5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two modes: interrupt control mode 0 and interrupt control mode 2.
Interrupt operations differ depending on the interrupt control mode. The interrupt control mode is
selected by INTCR. Table 5.3 shows the differences between interrupt control mode 0 and
interrupt control mode 2.

Table 5.3  Interrupt Control Modes

Interrupt Priority Setting Interrupt

Control Mode Registers Mask Bits Description

0 Default | The priorities of interrupt sources are fixed at
the default settings.
Interrupt sources except for NMI is masked by
the | bit.

2 IPR 12to 10 8 priority levels except for NMI can be set with
IPR.
8-level interrupt mask control is performed by
bits 12 to 10.

5.6.1 Interrupt Control Mode 0

In interrupt control mode 0, the I bit in CCR of the CPU controls whether interrupts except for the
NMI are masked or not. Figure 5.3 shows a flowchart of the interrupt acceptance operation in this
case.

1. If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

2. If the I bit is set to 1, only an NMI interrupt is accepted, and other interrupt requests are held
pending. If the I bit is cleared, an interrupt request is accepted.

3. Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

4. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

6. Next, the I bit in CCR is set to 1. This masks all interrupts except NMI.
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The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the

vector table.

Y

Program execution status

Interrupt generated?

No

»{ Hold
pending

-

A

Save PC and CCR

1

<1

1

Read vector address

|Branch to interrupt handling routinel

Figure 5.3 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 0
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5.6.2 Interrupt Control Mode 2

In interrupt control mode 2, mask control is done in eight levels for interrupt requests except for
NMI by comparing the EXR interrupt mask level (I2 to 10 bits) in the CPU and the IPR setting.
Figure 5.4 shows a flowchart of the interrupt acceptance operation in this case.

1. If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

2. When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.2 is selected.

3. Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that time is
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

4. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of the first instruction to be executed after returning from
the interrupt handling routine.

6. The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the
vector table.
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Figure 5.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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5.6.3 Interrupt Exception Handling Sequence

Figure 5.5 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode 0 is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure 5.5 Interrupt Exception Handling
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5.6.4 Interrupt Response Times

Table 5.4 shows interrupt response times - the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.4 are explained in table 5.5.

This LSI is capable of fast word transfer to on-chip memory, and have the program area in on-chip
ROM and the stack area in on-chip RAM, enabling high-speed processing.

Table 5.4  Interrupt Response Times

Normal Mode*® Advanced Mode
Interrupt Interrupt Interrupt Interrupt
control control control control
No. Execution Status mode 0 mode 2 mode 0 mode 2
Interrupt priority determination®’ 3 3 3 3

Number of wait states until executing 1to 19 +2.S, 1to 19+2-S, 11t0 19+2.S, 1to 19+2-S
instruction ends**

3 PC, CCR, EXR stack save 2.5, 3-S, 2.S, 3-S,

4 Vector fetch S S, 2:S, 2:S,

5  Instruction fetch*’ 25, 2.5, 2:S, 2:S,

6 Internal processing** 2 2 2 2

Total (using on-chip memory) 11 to 31 12to0 32 12to 32 13 to 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.
5. Not available in this LSI.
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Table 5.5 Number of States in Interrupt Handling Routine Execution Statuses

Object of Access
External Device

8 Bit Bus 16 Bit Bus

Internal  2-State 3-State 2-State 3-State

Symbol Memory Access Access Access Access
Instruction fetch S, 1 4 6+2m 2 3+m

Branch address read S,

Stack manipulation S,

[Legend]
m: Number of wait states in an external device access.
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5.7 Usage Notes

571 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to mask interrupts, the masking becomes effective after
execution of the instruction.

When an interrupt enable bit is cleared by an instruction such as BCLR or MOV, if an interrupt is
generated during execution of the instruction, the interrupt concerned will still be enabled on
completion of the instruction, and so interrupt exception handling for that interrupt will be
executed on completion of the instruction. However, if there is an interrupt request of higher
priority than that interrupt, interrupt exception handling will be executed for the higher-priority
interrupt, and the lower-priority interrupt will be ignored. The same also applies when an interrupt
source flag is cleared to 0. Figure 5.6 shows an example in which the TCIEV bit in the TPU’s
TIER_O register is cleared to 0. The above contention will not occur if an enable bit or interrupt
source flag is cleared to 0 while the interrupt is masked.

TIER_O write cycle by CPU i .
TCIV exception handling

Internal

address bus TIER_O address

Internal
write signal

TCIEV

TCFV J

TCIV
interrupt signal

Figure 5.6 Contention between Interrupt Generation and Disabling
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5.7.2 Instructions that Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the I bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

573 Times when Interrupts are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.

574 Interrupts during Execution of EEPMOYV Instruction
Interrupt operation differs between the EEPMOV B instruction and the EEPMOV.W instruction.

With the EEPMOV B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction. Therefore, if an interrupt is generated during execution
of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV.W R4 ,R4
BNE L1
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5.7.5 IRQ Pin Select

IRQ input pins can be selected from port control register 1 (PTCNT1). For details on selectable
pins, refer to section 7, I/O Ports.

When the PTCNT]1 setting is changed, an edge occurs internally and the IRQnF bit (n = 0 to 7) of
ISR may be set to 1 at the unintended timing if the selected pin level before the change is different
from the selected pin level after the change. If the IRQn interrupt request (n = 0 to 7) is enabled,
the interrupt exception handling is executed. To prevent the unintended interrupt, ITSR setting
should be changed while the IRQn interrupt request is disabled, then the IRQnF bit should be
cleared to O.

5.7.6 Note on IRQ Status Register (ISR)

Since IRQnF flags may be set to 1 depending on the pin states after a reset, be sure to read from
ISR after a reset and then write O to clear the IRQnF flags.
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Section 6 Bus Controller (BSC)

This LSI has an on-chip bus controller (BSC) that manages the bus width and the number of
access states of the external address space.

6.1 Features

Extended modes

Two modes for external extension

Normal extended mode: Normal extension (when the ADMXE bit in BCR is 0)

Address-data multiplex extended mode: Multiplex extension (when the ADMXE bit in BCR is
1)

Extended area division

The external address space is divided into a basic area, and three 64-kbyte areas

The basic area and area 1 are for common settings. Area 2 and 3 bus specifications can be set
independently

Areas 1, 2, and 3 enable chip-select (CS1 to CS3) output
A maximum of 16 addresses can be output
Area select signal, address strobe/hold signal polarity control

It is possible to reverse the output polarity of CS1 to CS3 and AS/AH by the PNCCS bit in
BCRAn or the PNCASH bit in BCR

Normal Extension:

Address output pins (A15 to A0O) and data input/output pins (D15 to DO) are separate

Usable areas

Basic area and areas 1, 2, and 3 are all usable

Normal extended bus interface

Selection between 2-state access area and 3-state access area is possible
Program wait state insert is possible

Idle cycle insertion

Idle cycle insert is possible during the external write cycle, directly after external read cycle.
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Multiplex Extension:
The address output pins and data input/output pins are multiplex pins

e Minimization of number of pins

It is possible to minimize the number of pins necessary for expansion by multiplexing the

address output pins and data input/output pins.
e Usable areas

Areas 1, 2, and 3 are all usable
e Multiplex extended bus interface

In the address cycle there are 2-state access fixed areas

In the data cycle 2-state access areas or 3-state access areas are able to be selected

The address cycle or data cycle can be independently inserted into the program wait state

o Idle cycle insert

Idle cycle insert is possible during the external write cycle, directly after external read cycle

Bus

External bus control signals

controller

BCR |BCRAL K
BCRA2 | BCRA3

Wait
controller

[Legend]
BCR:  Bus control register
BCRAL: Basic area/area 1 control register
BCRAZ2: Area 2 control register
BCRAS3: Area 3 control register

Internal data bus

Internal control signals

Bus mode signal

Figure 6.1 Block Diagram of Bus Controller
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6.2 Input/Output Pins
Table 6.1 summarizes the pin configuration of the bus controller.

Table 6.1 Pin Configuration

Symbol /0 Function

AS Output  Strobe signal indicating that address output on address bus is enabled,
during normal expansion

CS1 Output  Chip select signal indicating that area 1 is accessed

cs2 Output  Chip select signal indicating that area 2 is accessed

Cs3 Output  Chip select signal indicating that area 3 is accessed

RD Output  Strobe signal indicating that the external address area is being read

HWR Output  Strobe signal indicating that external address space is written to, and
upper half (D15 to D8/AD15 to AD8) of data bus is enabled

LWR Output  Strobe signal indicating that basic bus interface space is written to, and
lower half (D7 to DO/AD7 to ADO) of data bus is enabled

WAIT Input Wait request signal when accessing external space

AH Output  Indicates the address fetch timing signal when in multiplex extension

AD15to ADO I/O Address output and data input/output pins
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6.3 Register Descriptions

Registers related to the bus controller are as follows.

o Bus control register (BCR)

e Basic area/area 1 control register (BCRA1)

e Area 2 control register (BCRA2)
e Area 3 control register (BCRA3)

6.3.1 Bus Control Register (BCR)

BCR is used to specify the external extended selection, inversion control of CS1 to CS3, AS, and

AH pins, as well as idle cycle insertion.

Initial
Bit Bit Name Value R/W Description
7 — 1 R/(W) Reserved
The initial value should not be changed.
6 ICIS 1 R/W Idle Cycle Insert
When external read cycle and external write cycle
continue, it selects whether idle cycle 1-state is inserted
or idle cycle is not inserted.
0: Idle cycle is not inserted
1: Idle cycle 1-state is inserted
5 — 1 R/(W) Reserved
The initial value should not be changed.
4 — 0 R/(W) Reserved
The initial value should not be changed.
3 — 0 R/(W) Reserved
The initial value should not be changed.
2 — 0 R/(W) Reserved
The initial value should not be changed.
1 PNCASH 0 R/W Address Strobe/Hold Polarity Control

Controls output polarity of address strobe signal (AS)

and address hold signal (AH).
0: AS/AH output
1: AS/AH output
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Initial
Bit Bit Name Value R/W Description
0 ADMXE 0 R/W Address and Data Multiplex Bus Interface Enable

Selects the type of external extended bus interface.
0: Normal extended bus interface
1: Address and data multiplex extended bus interface

6.3.2 Area Control Register (BCRA)

BCRA designates the access mode in area 1 to area 3. The basic area indicates the setting of area 1.
Initial
Bit Bit Name Value R/W Description
7 ABWn 1 R/W Area Bus Width Control
Selects the bus width for area n.
0: 16-bit
1: 8-bit
6 ASTn 1 R/W Area Access State Control

Designates the number of access states in area n.
Simultaneously permits or prohibits wait state insertion.

Normal extension (ADMXE = 0):
0: 2-state access area, wait state insertion prohibited

1: 3-state access area, wait state insertion permitted
Multiplex extension (ADMXE = 1):

0: Data 2-state access area, wait state insertion
prohibited

1: Data 3-state access area, wait state insertion
permitted

5 PNCCSn 0 R/W Chip Select Polarity Control
Controls the output polarity of the chip select signal

(CSn) for area n.
0: CSn output
1: CSn output
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Initial
Bit Bit Name Value R/W

Description

4 AWnN 1 R/W

Multiplex Extended Address Wait

Selects the number of address cycle program waits in
arean.

Normal extension (ADMXE = 0):

Ignored

Multiplex extension (ADMXE = 1):

0: Program wait is not inserted

1: 1-state program wait is inserted into the address cycle

WMSn1 0 R/W
WMSnO0 0

Area n Wait Mode Select 1, 0

When the ASTn bit is set to 1 and area n is accessed,
wait mode is selected.

00: Program wait mode
01: Wait prohibited mode
10: Pin wait mode

11: Pin auto wait mode

WCn1 1 R/W
0 WCn0 1

Area n Wait Count 1, 0

Selects the number of data cycle program waits, when
area n is accessed.

00: Program wait is not inserted

01: 1-state is inserted into program wait
10: 2-state is inserted into program wait
11: 3-state is inserted into program wait

[Legend]
n=1t03
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6.4 Bus Control

6.4.1 Bus Specifications

The external address space bus specifications consist of three elements: bus width, number of
access states, and the number of wait modes and program wait states. The bus width and number
of access states for on-chip memory and internal I/O registers are fixed, and are not affected by the
bus controller.

Normal Extended Mode:

1. Bus Width
A bus width of 8 or 16 bits can be selected with the ABWn bit in BCRAn.
2. Number of Access States

The number of access states for data access , 2-state or 3-state can be selected with the ASTn
bit in BCRAn. When 2-state access space is designated, wait state insertion is disabled.

3. Wait Mode and Number of Program Wait States
When 3-state access space is designated by the ASTn bit in BCRAn, the number of program
wait states to be inserted automatically is selected with WMSn1, WMSn0, WCn1, and WCn0
in the BCRAnN. From 0 to 3 program wait states can be selected.

The external extended wait function is effective when the low-speed device is connected to the
external address area.

For details on normal extended address range, external address area, as well as bus interface
specifications, refer to tables 6.2 and 6.3.

Table 6.2  Address Range and External Address Area (Normal Extended Mode)

Address Range Area

H'080000 to H'FBFFFF (15 Mbytes) Basic area (shares bus specification with area 1)
H'FC0000 to H'FCFFFF (64 kbytes) Area 1

H'FD0000 to H'FDFFFF (64 kbytes) Area 2

H'FE0000 to H'FEFFFF (64 kbytes) Area 3

H'FF0000 to H'FFOFFF (40 kbytes) Integrated with basic area when RAME =0
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Table 6.3  Bus Specifications for Normal Extended Bus Interface

Number of Number of

ASTn WMSn1 WMSn0 WCn1 WCno0 Access Program
States Wait States
0 — — — — 2 0
0 — — 3 0
0 0 0 0 3 0
1 & 1 3 1
1 0 3 2
1 3 3
[Legend]
n=1t03
*: Don’t care.

Multiplex Extended Mode:

The bus access is used as both the address bus and the data bus, but not simultaneously.

1.

Bus Width

A bus width of 8 or 16 bits can be selected with the ABWn bit in BCRAn. The bus width of
the address cycle and the data cycle are the same.

Number of Access States

— Address cycle state
The address cycle state is 2-state.

— Data cycle state
The number of access states for data access , 2-state or 3-state can be selected with the
ASTn bit in BCRAn. When 2-state access space is designated, wait state insertion is
disabled.

Wait Mode and Number of Program Wait States

— Address cycle wait
The number of program wait states to be inserted into the address cycle are selected by the
AWn bit in BCRAN. 0 or 1 address cycle program wait states can be selected. The address
cycle wait is not affected by the number of data access wait states or the wait mode.

— Data cycle wait
When 3-state access space is designated by the ASTn bit in BCRAn, the number of
program wait states to be inserted automatically are selected with WMSn1, WMSn0,
WCnl, and WCnO in the BCRAn. From 0 to 3 data cycle wait states can be selected.
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The external extended wait function is effective when the low-speed device is connected to
the external address area.

For details on multiplex extended address range, external address area, as well as bus
interface specifications, refer to tables 6.4 to 6.6.

Table 6.4 Address Range and External Address Area (Multiplex Extended Mode)

Address Range Area

H'080000 to H'FBFFFF (15 Mbytes) Basic area

H'FC0000 to H'FCFFFF (64 kbytes) Area 1

H'FD0000 to H'FDFFFF (64 kbytes) Area 2

H'FE0000 to H'FEFFFF (64 kbytes) Area 3

H'FF0000 to H'FFOFFF (40 kbytes) Integrated with basic area when RAME = 0 (use
prohibited)

Table 6.5 Bus Specifications for Multiplex Extended Bus Interface (Address Cycle)

Number of
Number of Program
Access Wait

ASTn AWn WMSn1 WMSnO0 WCn1 WCn0 States States
— 0 — — — — 2 0

1 — — — — 2 1
[Legend]
n=1t03

Table 6.6  Bus Specifications for Multiplex Extended Bus Interface (Data Cycle)

Number of
Number of Program Wait
ASTn AWn WMSn1 WMSn0 WCn1 WCnO Access States States
0 — — — — — 2 0
1 — 0 1 — — 3 0
— 0 0 0 0 3 0
1 * 1 3 1
1 0 3 2
1 3 3
[Legend]
n=1t03
*: Don’t care.
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6.4.2 External Address Area

The initial condition of the external address space is normal extended 3-state access space. The
space outside the on-chip ROM, on-chip RAM, internal I/O register, and their reserved areas are
available as the external address spaces. When the RAME bit in SYSCR is set to 1, the on-chip
RAM and its reserved area are enabled. However if the RAME bit is cleared to 0, the on-chip
RAM and its reserved area are ignored. When the RAME bit is 0, HFF0000 to HFFOFFF of the
on-chip RAM and its reserved area, becomes an external address area.

6.4.3 Chip Select Signals

This LSI can output chip select signals (CS1 to CS3) for areas 0 to 3 respectively. The CS1 to CS3
signal outputs low or high level when the corresponding external space area is accessed. The chip
select signal’s output polarity can be controlled by the PNCCSn bit in BCRAn. Figure 6.2 shows
an example of CS1 to CS3 signal’s output polarity and output timing.

Selection of CS1 to CS3 signal output and I/O port input/output is set by the port function control
register (PFCR) bit for the port corresponding to the CS1 to CS3 pins. In external extended mode,
all of the CS1 to CS3 pins function as I/O ports after a reset. Therefore the corresponding PECR
bits should be set to 1 when outputting signals CS1 to CS3. For details, refer to section 7, /0
Ports.

L Bus cycle ‘
\ T1 T2 T3 '
b L L
Address bus x External address of area n

CSn (PNCCS = 0) \

CSn (PNCCS =1)

FMT""Z"’F

Note:n=1t0o 3

Figure 6.2 CSn Signal Output Polarity and Output Timing
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6.4.4 Address Strobe/Hold Signal

In normal extended mode, the address above the bus address is enabled, which is indicated by the
output strobe signal (AS). In multiplex extended mode, the hold signal (AH) which indicates the
address fetch timing, is output. Output polarity of the AS/ AH signals can be controlled by the
PNCASH bit in BCR.

6.4.5 Address Output
This LSI can output a maximum of 16 addresses.

In normal extended mode, enabling or disabling of A15 to A0 signal output is set by the data
direction register (DDR) bit for the port corresponding to the A15 to A0 pins. In external extended
mode, the A15 to AO pins are placed in the input state after a reset, the corresponding DDR bits
should be set to 1 when outputting signals A15 to AQ. For details, refer to section 7, I/O Ports.

In multiplex extended mode, the address output is decided by the access area bus width. If the
access area is 16 bits, the lower 16-bit internal addresses are output from A15 to A0 in the address
cycle. If the access area is 8 bits, the lower 8-bit internal addresses are output from A15 to A8 in
the address cycle.
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6.5 Bus Interface

The normal extended bus interface enables direct connection between the ROM and SRAM. For
details on the basic area and areas 1 to 3 bus specification selection, refer to tables 6.2 and 6.3.

For multiplex extended bus interface, only products compatible with this bus system can be
directly connected. For details on areas 1 to 3 bus specification selection, refer to tables 6.4 to 6.6

6.5.1 Data Size and Data Alignment

Data sizes for the CPU are byte, word, and longword. The BSC has a data alignment function, and
controls whether the upper data bus (D15 to D8/AD15 to ADS8) or lower data bus (D7 to DO/AD7
to ADO) is used when the external address space is accessed, according to the bus specifications
for the area being accessed (8-bit access space or 16-bit access space) and the data size. The
multiplex extended address cycle is fixed to the bus specifications of the area being accessed (8-bit
access space or 16-bit access space).

8-Bit Access Space:

Figure 6.3 illustrates data alignment control for the 8-bit access space. With the 8-bit access space,
the upper data bus (D15 to D8/AD15 to ADS) is always used for accesses. The amount of data that
can be accessed at one time is one byte. A word access is performed as two byte accesses, and a
longword access, as four byte accesses.

Upper data bus Lower data bus
D15/ D8/ D7/ DO/
IAD15 AD8I AD7 AD(])
Byte size L
- 1stbus cycle N
Word size T T T T T 7T
| 2nd bus cycle | P T T T T |
| 1stbus cycle N
Longword 2nd bus CyCIe | PR T T T TR B |
size 3rd bus cycle e vovv v
| 4th bus cycle Loy

Figure 6.3 Access Sizes and Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space:

Figure 6.4 illustrates data alignment control for the 16-bit access space. With the 16-bit access
space, the upper data bus (D15 to D8/AD15 to ADS8) and lower data bus (D7 to DO/AD7 to ADO)
are used for accesses. The amount of data that can be accessed at one time is one byte or one word.
A longword access is executed as two word accesses.

In byte access, whether the upper or lower data bus is used is determined by whether the address is
even or odd. The upper data bus is used for even addresses, and the lower data bus for odd
addresses.

Upper data bus Lower data bus
D15/ D8/ D7/ DO/

| AD15 AD8I AD7 ADOI

Byte size «+ Odd address [, ]

Byte size « Even address |

Word size

Longword 1st bus cycle |
size

2nd bus cycle |

Figure 6.4 Access Sizes and Data Alignment Control (16-Bit Access Space)
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6.5.2

Table 6.7 shows the data buses used and valid strobes for each access space.

Valid Strobes

In a read, the RD signal is valid for both the upper and lower halves of the data bus. In a write, the
HWR signal is valid for the upper half of the data bus, and the LWR signal for the lower half.

Table 6.7 Data Buses Used and Valid Strobes
Upper Data Bus Lower Data Bus
Access Read/ Valid (D15 to D8/AD15 (D7 to DO/AD7 to
Area Size Write  Address Strobe to ADS8) ADO)
8-bit access Byte Read — RD Valid Ports or others
space Write — — HWR Ports or others
16-bit access Byte Read Even RD Valid Invalid
Space Odd Invalid Valid
Write  Even HWR Valid Undefined
Odd LWR Undefined Valid
Word Read — RD Valid Valid
Write — — HWR, LWR Valid Valid
Note: Undefined: Undefined data is output.
Invalid: Input state with the input value ignored.

Ports or others:

Input/output pins for ports or on-chip peripheral devices cannot be used
as data buses.

Rev.2.00 May. 28, 2009 Page 106 of 732

REJ09B0059-0200

RENESAS



Section 6 Bus Controller (BSC)

6.5.3 Basic Operation Timing in Normal Extended Mode

8-Bit, 2-State Access Space:

Figure 6.5 shows the bus timing for an 8-bit, 2-state access space. When an 8-bit access space is
accessed, the upper half (D15 to D8) of the data bus is used. Wait states cannot be inserted.

Read <

Write 4

Address bus

D15 to D8

D7 to DO

T
oyl

D15 to D8

Note:n=1t0o 3

T1

- Buscycle ———— »

T2 E

Valid

Q |‘\II><I |

|
Invalid |
\
,

Valid

Ik

Figure 6.5 Bus Timing for 8-Bit, 2-State Access Space
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8-Bit, 3-State Access Space:

Figure 6.6 shows the bus timing for an 8-bit, 3-state access space. When an 8-bit access space is
accessed, the upper half (D15 to D8) of the data bus is used. Wait states can be inserted.

. Bus cycle - :
E Ty ' T, I T3 :
¢
Address bus :x :x
CSn \ i E i
- E 5 .
RD : E i
Read { D150 D8 : : : { vald }—
D7 to DO : Invalid !
HWR 5 ' 5 —
Write - : ' '
D15 to D8 _._<: : valid | )—

Note: n=1to3

Figure 6.6 Bus Timing for 8-Bit, 3-State Access Space
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16-Bit, 2-State Access Space:

Figures 6.7 to 6.9 show bus timings for a 16-bit, 2-state access space. When a 16-bit access space
is accessed, the upper half (D15 to D8) of the data bus is used for even addresses, and the lower
half (D7 to DO) for odd addresses. Wait states cannot be inserted.

t«——— Buscycle —M =,

5 T

T, .

Address bus

3
O

Read § D15to D8

Valid

D7 to DO

Invalid

Q I‘\lfﬁ |

Write <

High

Valid

Ik

D7 to DO

Undefined

L

Note: n=1to3

Figure 6.7 Bus Timing for 16-Bit, 2-State Access Space (Even Byte Access)
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T2

T1

Address bus
D15 to D8
D7 to DO

-
\

Undefined

WR
D15 to D8
D7 to DO

Read <

Write 4

n=1to3

Note:

Figure 6.8 Bus Timing for 16-Bit, 2-State Access Space (Odd Byte Access)
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Address bus

D15 to D8

D15to D8

D7 to DO

Read A

Write <

n=1to3

Note:

Figure 6.9 Bus Timing for 16-Bit, 2-State Access Space (Word Access)
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16-Bit, 3-State Access Space:

Figures 6.10 to 6.12 show bus timings for a 16-bit, 3-state access space. When a 16-bit access
space is accessed, the upper half (D15 to D8) of the data bus is used for even addresses, and the
lower half (D7 to DO) for odd addresses. Wait states can be inserted.

Bus cycle
T

—
w

Address bus

I

RD

Read { D15to D8

Valid

D7 to DO

Invalid

HWR

High

Write <

D15 to D8 Valid

D7 to DO Undefined

L

Note: n=1to3

Figure 6.10 Bus Timing for 16-Bit, 3-State Access Space (Even Byte Access)
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T3

Bus cycle
T,

= z
T
g >
et e
j= =
3 >
o o
) >
T
2]
>
P o o 8 o
? ° a ° a
< o S i o« o 2
c = =
s 2} AS o 3 ™~ = = 3 ™~
< 18] < i ja) a T | o fa)
° Q
5 £
x =

n=1to3

Note:

Figure 6.11 Bus Timing for 16-Bit, 3-State Access Space (Odd Byte Access)
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Ta

Bus cycle
T,

T

Address bus :x

D15 to D8

D15to D8

D7 to DO

Read -

Write <

n=1to3

Note:

Figure 6.12 Bus Timing for 16-Bit, 3-State Access Space (Word Access)
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6.54 Basic Operation Timing in Multiplex Extended Mode
8-Bit, 2-State Data Access Space:

Figures 6.13 and 6.14 show the bus timing for an 8-bit, 2-state access space. When an 8-bit access
space is accessed, the upper half (AD15 to ADS) of the address bus and the data bus is used. Wait
states cannot be inserted.

Read Cycle Write Cycle
Z : !
1 ! 1
| Address | Data i  Address , Data i
1 T ] T |
| | | 5 |
E Tl TAW TZ ! T3 T4 E Tl TAW T2 ! T3 T4 E
1 ! 1 | \
1 : ! : 1

T
o)

AD15 to AD8 Dag—_ Address  { Dpata |-

Note: n=1to3

Figure 6.13 Bus Timing for 8-Bit, 2-State Data Access Space (With Address Wait)
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Write Cycle

Read Cycle

AD15 to AD8

n=1to3

Note:

Figure 6.14 Bus Timing for 8-Bit, 2-State Data Access Space (Without Address Wait)
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8-Bit, 3-State Data Access Space:

Figure 6.15 shows the bus timing for an 8-bit, 3-state access space. When an 8-bit access space is

accessed, the upper half (AD15 to ADS8) of the address bus and the data bus are used. Wait states

can be inserted.

Write Cycle

Read Cycle

T

Data

Data

w

B

z I

o

= I
................. S ISR i (4 i
<

=

=
[0
[=]
:
<
-
o —
:
= 1]
n
L1771 7 1 <N
: 3
: |
=
5 E R S
O =

AD15 to AD8

-
...... . ..A...- o~ .
- ©

i

n=1to3

Note:

Figure 6.15 Bus Timing for 8-Bit, 3-State Data Access Space (With Address Wait)
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16-Bit, 2-State Data Access Space:

Figures 6.16 to 6.21 show bus timings for a 16-bit, 2-state access space. When a 16-bit access
space is accessed, the address bus uses all buses (AD15 to ADO), the upper half (AD15 to ADS) of
the data bus is used for even addresses, and the lower half (AD7 to ADO) for odd addresses. Data
cycle wait states cannot be inserted.

. Read Cycle Write Cycle .
| - |
i Address . Data i Address = Data i
- L i i
: Tl TAW Il T2 : T3 : T4 : Tl TAW 1 T2 : T3 T4 E

M e =

2 &
_ g/l

3
O

,_
=
T

I
sl

AD15 to AD8 —pag-{  Address  — pata -
A0710 400 ——{ s }— -

Note: n=1to3

Figure 6.16 Bus Timing for 16-Bit, 2-State Data Access Space (1)
(Even Byte Access, with Address Wait)
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Write Cycle

Read Cycle

AD15 to AD8

AD7 to ADO

n=1to3

Note:

Figure 6.17 Bus Timing for 16-Bit, 2-State Data Access Space (2)

(Even Byte Access, without Address Wait)
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Write Cycle

Read Cycle
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Figure 6.18 Bus Timing for 16-Bit, 2-State Access Space (3)

(Odd Byte Access, with Address Wait)
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Write Cycle

Read Cycle

=g

AD15 to AD8

AD7 to ADO

n=1to3

Note:

Figure 6.19 Bus Timing for 16-Bit, 2-State Data Access Space (4)

(Odd Byte Access, without Address Wait)
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Write Cycle

Read Cycle
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Figure 6.20 Bus Timing for 16-Bit, 2-State Data Access Space (5)

(Word Access, with Address Wait)
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Write Cycle

Read Cycle
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n=1to3

Note:

Figure 6.21 Bus Timing for 16-Bit, 2-State Data Access Space (6)

(Word Access, without Address Wait)
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16-Bit, 3-State Data Access Space:

Figures 6.22 to 6.24 show bus timings for a 16-bit, 3-state access space. When a 16-bit access

space is accessed, the address bus uses all buses (AD15 to ADO), the upper half (AD15 to ADS) of
the data bus is used for even addresses, and the lower half (AD7 to ADO) for odd addresses. Data

cycle wait states can be inserted.
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Figure 6.22 Bus Timing for 16-Bit, 3-State Data Access Space (1)

(Even Byte Access, with Address Wait)
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Write Cycle
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Figure 6.23 Bus Timing for 16-Bit, 3-State Data Access Space (2)

(Odd Byte Access, with Address Wait)
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Write Cycle

Read Cycle
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Figure 6.24 Bus Timing for 16-Bit, 3-State Data Access Space (3)

(Word Access, with Address Wait)
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6.5.5 Wait Control

When accessing the external address space, this LSI can extend the bus cycle by inserting the wait
states (T,,). Ways of inserting wait states: Program wait insertion, pin wait insertion using the
WAIT pin, and the combination of program wait and the WAIT pin.

In Normal Extended Mode:

L.

Program Wait Mode

When the external address is accessed in the program wait mode, the T, of the number of
states which are set by the WCn1 and WCnO pins of the BCRAn, is always inserted between
the T, and the T, states.

Pin Wait Mode

A specified number of wait states T,, are always inserted between the T, state and T, state
when accessing the external address space. The number of wait states T, is specified by the
settings of the WCn1 and WCnO bits. If the WAIT pin is low at the falling edge of ¢ in the last
T, or T, state, another T, state is inserted. If the WAIT pin is held low, T, states are inserted
until it goes high.

Pin wait mode is useful when inserting four or more T\, states, or when changing the number
of T, states to be inserted for each external device.

Pin Auto-Wait Mode

A specified number of wait states T, are inserted between the T, state and T, state when
accessing the external address space if the WAIT pin is low at the falling edge of ¢ in the last
T, state. The number of wait states T,, is specified by the settings of the WCn1 and WCnO bits.
Even if the WAIT pin is held low, T,, states are inserted only up to the specified number of
states.

Pin auto-wait mode enables the low-speed memory interface only by inputting the chip select
signal to the WAIT pin.

Figure 6.25 shows an example of wait state insertion timing in pin wait mode.

The settings after a reset are: 3-state access, 3-state program wait insertion, and WAIT pin
input disabled.
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By program wait By WAIT pin

T1 T2 Tw Tw Tw T3

WAIT

Address bus :X
CSn _l

-

—

RD |_
Data bus < Read data >—

Read <

Write <

Data bus —( Write data )—

Notes: 1. Downward arrows indicate the timing of WAIT pin sampling.
2. n=1to3

Figure 6.25 Example of Wait State Insertion Timing (Normal Extended Pin Wait Mode)
In Multiplex Extended Mode:

1. Program Wait Mode
Program wait mode includes address wait and data wait.
Zero to one state of address wait T,,, is inserted between T, and T, states. Zero to three states
of data wait T, are inserted between T, and T, states.

DSW

The address cycle always operates in program wait mode.
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2. Pin Wait Mode

When accessing the external address space, a specified number of wait states T, can be
inserted between the T, state and T, state of data state. If the WAIT pin is low at the falling
edge of ¢ in the last T, or T, state, another T, state is inserted. If the WAIT pin is held low,
T,ow States are inserted until it goes high.

Pin wait mode is useful when inserting four or more T, states, or when changing the number
of T, states to be inserted for each external device.

3. Pin Auto-Wait Mode
A specified number of wait states T, are inserted between the T, state and T, state when
accessing the external address space if the WAIT pin is low at the falling edge of ¢ in the last
T, state. The number of wait states T, is specified by the settings of the WCn1l and WCn0
bits. Even if the WAIT pin is held low, T, states are inserted only up to the specified number
of states.

Pin auto-wait mode enables the low-speed memory interface only by inputting the chip select
signal to the WAIT pin.

Figure 6.26 shows an example of wait state insertion timing in pin wait mode.

Read Cycle Write Cycle
Data Data
T3 T4 TDSW TDDW TDOW T5 T3 T4 TDSW TDOW TDOW T5

Enipiaipiyipisininiiptpipiyipiaiy

[t T
g =
o) o)
—+

AD7 to ADO 6

AD15 to AD8 Gé fad bata —

Note:n=11t0 3

Figure 6.26 Example of Wait State Insertion Timing (Multiplex Extended Mode)
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6.6 Idle Cycle

When this LSI accesses the external address space, it can insert a 1-state idle cycle (T,) between
bus cycles when a write cycle occurs immediately after a read cycle. By inserting an idle cycle it is
possible, for example, to avoid data collisions between ROM with a long output floating time, and
high-speed memory and I/O interfaces.

In the case of normal extended mode if an external write occurs after an external read while the
ICIS bit is set to 1 in BCR, an idle cycle is inserted at the start of the write cycle.

In the case of multiplex extended mode if an external cycle occurs after an external read while the
ICIS bit is set to 1 in BCR, an idle cycle is inserted at the start of the external cycle after the
external read.

Figure 6.27 shows examples of idle cycle operation. In these examples, bus cycle A is a read cycle
for ROM with a long output floating time, and bus cycle B is a CPU write cycle. In figure 6.27 (a),
with no idle cycle inserted, a conflict occurs in bus cycle B between the read data from ROM and
the CPU write data. In figure 6.27 (b), an idle cycle is inserted, thus preventing data conflict.

Buscycle A  Buscycle B Bus cycle A Bus cycle B

T, T, T,+.T1T, T,

Address bus :x
1

(a) No idle cycle insertion (b) Idle cycle insertion

Figure 6.27 Examples of Idle Cycle Operation
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Table 6.8 shows the pin states in an idle cycle.

Table 6.8 Pin States in Idle Cycle

Pins Pin State

A15to AO Contents of immediately following bus cycle

D15 to DO High impedance

AD15 to ADO High impedance

AS/AH High when PNCASH = 0. Low when PNCASH = 1.
CSn High when PNCCSn = 0. Low when PNCCSn = 1.
RD High

HWR, LWR High

[Legend]

n=1t03
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Section 7 1/0 Ports

Table 7.1 is a summary of the port functions. The pins of each port also function as input/output
pins of peripheral modules and interrupt input pins. Each input/output port includes a data
direction register (DDR) that controls input/output, a data register (DR) that stores output data,
and a port register (PORT) that reads a pin state. DDR and DR are not provided for ports 0, 7, and
C.

Ports 1 to 3, and 6, have on-chip input pull-up MOSs. DDR and an pull-up MOS control register
(PCR) can be used to control the on/off status of the input pull-up MOSs.

Port 6 has an on-chip open-drain control register (ODR) that can be used to control the on/off
status of the output buffer PMOS.

Ports 1 to 6, and 9, can drive a single TTL load and 30-pF capacitive load.

All the I/O ports can drive a Darlington transistor in output mode. P80 to P83 and PCO to PC3 are
NMOS push-pull output.
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Table 7.1  Port Functions (1)

Extended Mode (EXPE = 1) Single-Chip Mode

Port Description Normal Multiplex (EXPE =0) I/0 Status

Port 0 Generalinput  P07/AN15/ExIRQ7
port also P06/AN14/EXIRQ6
functioning as
an A/D P05/AN13/ExIRQ5
converter P04/AN12/ExIRQ4
analoginput - 5 AN 4
and interrupt

PO1/AN9
POO/ANS

Port1 General I/0 port P17/A7 AD7*' P17/PW7+ On-chip
also functioning P16/A6 AD6*' P16/PW6*2 input pull-
as an address ; , up MOS
output, P15/A5 AD5* P15/PW5*
address/data  P14/A4 AD4+" P14/PW4%2
multiplex P13/A3 AD3*! P13/PW3#*
input/output,
and PWM P12/A2 AD2+' P12/PW2+#*
output. P11/A1 AD1#' P11/PW1**

P10/A0 ADO*' P10/PW0**

Port2 General I/O port P27/A15 AD15 P27/TIOCB2/TCLKD On-chip
also functioning P26/A14 AD14 P26/TIOCA2 input pull-
as an address up MOS
output, P25/A13 AD13 P25/TIOCB1/TCLKC
address/data  P24/A12 AD12 P24/TIOCA1
multiplex P23/A11 AD11 P23/TIOCDO/TCLKB
input/output,
and TPU P22/A10 AD10 P22/TIOCCO/TCLKA
input/output.  pP21/A9 AD9 P21/TIOCBO

P20/A8 AD8 P20/TIOCAOQ
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Table 7.1 Port Functions (2)
Extended Mode(EXPE = 1) Single-Chip Mode
Port Description  Normal Multiplex 1/0 Status
Port 3 General I/O D15 P37 On-chip
port also D14 P36 input pull-up
functioning as MOS
a bidirectional D13 P35
databusand D12 P34
interrupt input. D11 P33/EXIRQ3
D10 P32/ExIRQ2
D9 P31/ExIRQ1
D8 P30/ExIRQ0
Port4 General I/O P47/IRQ7/TMIY_O/ExPW3
port also P46/IRQ6/TMIX_O/EXPW2
functioning as
an interrupt P45/IRQ5/TMI0_O/ExPW1
input, P44/IRQ4/TMIY_1/ExPWO
TMRO_O, TBRA
TMRO_1. P43/IRQ3/TMIX_1
TMRX_0, P42/IRQ2/TMIO_1
TMRX_1, P41/IRQ1/FTIC_1
TMRY_O, N
TMRY_1, and P40/IRQO/FTIB_1
FRT_1 input,
and PWM
output.
Port5 General I/O P57/TMO1_1/ExPW5
port also P56/TMOO_1/EXPW4
functioning as
a TMRO_1 and P55/RxD1
TMR1_1 P54/TxD1
output, SCI_0
and SCI_ 1 P53/SCK1
input/output, ~ P52/RxDO
and PWMX  p51/TxD0O
output. P50/SCKO

RENESAS
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Table 7.1  Port Functions (3)
Extended Mode (EXPE = 1) Single-Chip Mode
Port Description Normal Multiplex (EXPE =0) 1/0 Status
Port6 General I/O port D7+° P67/RxD2* On-chip
also functioning D6 P66/TXD2* input pull-up
asa .5 o MOS
bidirectional D5’ PB5/SCK2: Open-drain
data bus, D4+*° P64/FTCI_1+* output
FRT_1 D3*° P63/TMOY_1** enabled
input/output,
TMRX_1and D2* P62/TMOX_1**
TMRY_1 D1+#° P61/FTOB_1**
output, and 2 a
Scl 2 DO P60/FTOA_1*
input/output.
Port 7 General input  P77/AN7
port also P76/ANG
functioning as
an A/D P75/AN5
converter P74/AN4
analog input. P73/AN3
P72/AN2
P71/AN1
P70/ANO
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Table 7.1  Port Functions (4)
Extended Mode (EXPE = 1) Single-Chip Mode
Port Description  Normal Multiplex (EXPE = 0) I/0 Status
Port8 General I/O P87/ADTRG/ExTIOCBO NMOS push-
port also P86/ExTIOCAO pull output
functioning as (P80 to P83)
an A/D P85/PWX1
converter P84/PWX0
extemal P83/SDA1/RxD4
trigger input,
PWMX output, P82/SCL1/TxD4
SCI_3, SCI_4, pg1/SDA0/RxD3
11C3_0, and
I1C3_1 P80/SCLO/TxD3
input/output,
and TPU
input/output.
Port9 General /1O  P97/WAIT/ExTIOCDO/ P97/ExTIOCDO/
port also ExTCLKB ExTCLKB
functioning as P96/¢ P96
a bus control - —
input/output,  P95/AS AH P95
system clock AWR P94
output, and S—
TPU RD P93
input/output.  pgo/CST/EXTIOCB2/ P92/EXTIOCB2/
EXTCLKD EXTCLKD
P91/CS2/ExTIOCA2 P91/ExTIOCA2
P90/LWR/EXTIOCB1/ P90/EXTIOCB1/
EXTCLKC EXTCLKC
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Table 7.1  Port Functions (5)

Extended Mode (EXPE =1) Single-Chip Mode
Port Description Normal Multiplex (EXPE = 0) 1/0 Status
Port A General /0 port PA7/CS3/ExTIOCA1 PA7/ExTIOCA1
also functioning “p Ag/FTC|_0/HFBACKI
as a bus control
output, FRT_0 PA5/FTIB_0/VFBACKI
input/output, PA4/FTIC_0/CLAMPO
T’VC'iXT—I(\)A’OT'\é'Y—O’ PA3/FTOB_0/CBLANK
an _
output, timer PA2/TMOO_O/ExTIOCCO/EXTCLKA
connection PA1/TMOY_O/ExPW7/SCK4
input/output, PAO/TMOX_0/ExPW6/SCK3
SCI_8 and
SCI_4
input/output,
PWM output,
and TPU
input/output.
Port B General I/O port PB7/TMI1_0/HSYNCI_O
also functioning - ppe/FTIA_0/VSYNCI_0
as an FRT_0
and TMR1_0 PB5/FTID_0/CSYNCI_0
input/output, PB4/TMI1_1/HSYNCI_1
5311_11 ?Od PB3/FTIA_1/VSYNCI_1
_1input,
and timer PB2/FTID_1/CSYNCI_A1
connection PB1/TMO1_0/HSYNCO
input/output. PBO/FTOA_0/VSYNCO
Port C General I/O port PC7*%ETDO NMOS
also functioning  pcg+«/ETDI push-pull
as an on-chip s output (PCO
emulator PCS*/ETCK to PC3)
input/output, and PC4*/ETMS
IC3_2 and PC3/SDA3
1IC3_3
input/output. PC2/5CL3
PC1/SDA2
PCO0/SCL2
Notes: 1. When multiplex extended 16-bit bus is specified.
2. When single-chip mode and multiplex extended 8-bit bus are specified.
3. When normal extended 16-bit bus is specified.
4. When normal extended 8-bit bus, multiplex extended, and single-chip mode are
specified.
5. Not supported by the on-chip emulator.
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7.1 Port 0

Port 0 is an 8-bit input port. Port O pins also function as A/D converter analog input pins and
EXIRQ input pins.

Port 0 has the following register.

e Port 0 register (PORTO)

7.1.1  Port 0 Register (PORTO0)

PORTO is an 8-bit read-only register, that reflects the pin state in port 0. PORTO cannot be
modified.

Bit Bit Name Initial Value R/W Description

7 P07 —* R When this register is read, the pin state is
6 P06 e R always read.

5 P05 —* R

4 P04 —* R

3 P03 —* R

2 P02 —* R

1 PO1 —* R

0 P00 —* R

Note: * Determined by the states of the P07 to P0O pins.

7.1.2  Pin Functions

If the corresponding bit in PTCNT1 is set to 1, the port O pins can be used as interrupt input pins
(ExIRQ7 to EXIRQ4).

Pin function relationships are listed below.

Note: When these pins are set as the interrupt input pins, do not use them as the A/D converter
pins.
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e PO7/ANI15/ExIRQ7

Pin PO7 input pin

function ANt input pin/EXIRQ7 input pin*

Note: * When the IRQ7S bitin PTCNT1 is set to 1, it functions as the ExXIRQ7 input.

e P06/AN14/ExIRQ6

Pin P06 input pin

function [AN14 input pin/EXIRQS input pin*

Note: * When the IRQ6S bitin PTCNT1 is set to 1, it functions as the ExIRQ6 input.

e P05/ANI3/EXIRQ5

Pin PO5 input pin

function fAN13 input pin/EXIRQ input pin*

Note: * When the IRQ5S bit in PTCNT1 is set to 1, it functions as the ExIRQ5 input.

e P04/AN12/ExIRQ4

Pin P04 input pin

function fAN12 input pin/EXIRQ4 input pin*

Note: * When the IRQ4S bitin PTCNT1 is set to 1, it functions as the ExIRQ4 input.

e PO3/ANI11

Pin P03 input pin

function fAN11 input pin

e PO02/ANIO

Pin P02 input pin

function AN10 input pin

e POI/AN9

Pin PO1 input pin

function ANS9 input pin
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POO/ANS

Pin POO input pin
function

ANS input pin

7.2 Port 1

Port 1 is an 8-bit I/O port. Port 1 pins also function as address bus pins, address/data multiplex bus
pins, and PWM output pins. Pin functions change according to the operating mode.

Port 1 has the following registers.

7.2

Port 1 data direction register (P1DDR)

Port 1 data register (P1DR)

Port 1 register (PORT1)

Port 1 pull-up MOS control register (PIPCR)

1 Port 1 Data Direction Register (P1DDR)

The individual bits in PIDDR specify input or output for the pins of port 1. The read value is

undefined.

Bit Bit Name Initial Value R/W Description

7 P17DDR 0 w ¢ In normal extended mode

6 P16DDR 0 w The corresponding port 1 pins are address

5 P15DDR 0 W outputs when P1DDR bits are set to 1, and input
ports when cleared to 0.

4 P14DDR 0 w ¢ In multiplex extended mode (16-bit bus width)

3 P13DDR 0 w Operation is not affected

2 P12DDR 0 w ¢ In multiplex extended mode (8-bit bus width)

1 P11DDR 0 W Operates as single-chip mode

0 P10DDR 0 w

¢ In single-chip mode

The corresponding port 1 pins are output ports
or PWM outputs when the P1DDR bits are set
to 1, and input ports when cleared to 0.
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7.2.2 Port 1 Data Register (P1DR)

P1DR stores output data for port 1.

Bit Bit Name Initial Value R/W Description

7 P17DR 0 R/W P1DR stores output data for the port 1 pins that are
6 P16DR 0 RIW used as the general output ports.

5 P15DR 0 R/W

4 P14DR 0 R/W

3 P13DR 0 R/W

2 P12DR 0 R/W

1 P11DR 0 R/W

0 P10DR 0 R/W

7.2.3  Port 1 Register (PORT1)

PORTT1 reflects the pin state in port 1 and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 P17 — R When this register is read, the bit that is set in

6 P16 . R P1DDR is read as the value of P1DR. The bit that is
cleared in P1DDR is read as the pin state.

5 P15 —* R

4 P14 —* R

3 P13 —* R

2 P12 —* R

1 P11 —* R

0 P10 —* R

Note: * Determined by the states of the P17 to P10 pins.
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7.2.4 Port 1 Pull-Up MOS Control Register (P1PCR)

P1PCR controls the on or off state of input pull-up MOSs for port 1.

Bit Bit Name Initial Value R/W Description
7 P17PCR 0 R/W ¢ In normal extended and single-chip modes
6 P16PCR 0 R/W When the pins are in the input states, the

P15PCR R corresponding input pull-up MOS is turned on
° 5PC 0 W when a P1PCR bit is set to 1.
4 P14PCR 0 R/W .

e In multiplex extended mode

s P13PCR 0 RW When using 16-bit bus width, operation is not
2 P12PCR 0 R/W affected.
1 P11PCR 0 R/W When using 8-bit bus width, operates as single-
0 PIOPCR 0 RIW chip mode.

7.2.5 Pin Functions

When the PWnS bit in PTCNTO is cleared to O, port 1 pins can be used as PWM output pins (PW7
to PWO0). The pin function relationships are listed below.

According to the combinations of operating modes and the OEn bit, PWnS bit, and PInDDR bit in
PWOER of the PWM, pin functions change as follows.

o Extended Mode (EXPE = 1)

Normal Extended Mode

(ADMXE = 0) Multiplex Extended Mode (ADMXE = 1)
Bus width* — 16-bit 8-bit
P1nDDR 0 1 — 0 1
PWnS — — — — 1 0
OEn — — — — — 0 1
Pin function Pininput | A7 to AO AD7 to P1ninput |P1noutput| P1n PWn

pin output pin | ADO I/O pin pin output pin |output pin
pin

[Legend]
n=7t 0

Note: * When the ABW3 to ABW1 bits in BCRA3 to BCRAT1 are all set to 1, bus width is 8 bits,
if any are cleared to 0, bus width is 16 bits.
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o Single-Chip Mode (EXPE = 0)

P1nDDR

0

PWnS

1

OEn

0

1

Pin function

P1n input pin

P1n output pin

P1n output pin

PWn output pin

[Legend]
n=7t0

7.2.6

Port 1 Input Pull-Up MOS States

Port 1 has an on-chip input pull-up MOS that can be controlled by software. This input pull-up
MOS can be used regardless of the operating mode. Table 7.2 summarizes the input pull-up MOS

states.
Table 7.2  Port 1 Input Pull-Up MOS States
Hardware Standby Software Standby
Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off : On when P1DDR = 0 and P1PCR = 1; otherwise off.
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7.3 Port 2

Port 2 is an 8-bit I/O port. Port 2 pins also function as address bus pins, address/data multiplex bus
pins, and TPU I/O pins. Pin functions change according to the operating mode.

Port 2 has the following registers.

e Port 2 data direction register (P2DDR)

e Port 2 data register (P2DR)

e Port 2 register (PORT2)

e Port 2 pull-up MOS control register (P2PCR)

7.3.1 Port 2 Data Direction Register (P2DDR)

The individual bits in P2DDR specify input or output for the pins of port 2. The read value is
undefined.

Bit Bit Name Initial Value R/W Description

7 P27DDR 0 W e In normal extended mode

6 P26DDR 0 w The corresponding port 2 pin is an address output
5 P25DDR 0 W x::: ;;2255) tz)lt is set to 1, and an input port

4 P24DDR 0 w ¢ In multiplex extended mode

3 P23DDR 0 w Operation is not affected.

2 P22DDR 0 w ¢ In single-chip mode

1 P21DDR 0 W While a general I/O port function is selected, the
0 P20DDR 0 W corresponding port 2 pin is an output port when a

P2DDR bit is set to 1, and an input port when
cleared to 0.
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7.3.2 Port 2 Data Register (P2DR)

P2DR stores output data for the port 2 pins.

Bit Bit Name Initial Value R/W Description

7 P27DR 0 R/W P2DR stores output data for the port 2 pins that are
6 P26DR 0 RIW used as the general output ports.

5 P25DR 0 R/W

4 P24DR 0 R/W

3 P23DR 0 R/W

2 P22DR 0 R/W

1 P21DR 0 R/W

0 P20DR 0 R/W

7.3.3  Port 2 Register (PORT?2)

PORT?2 reflects the pin state in port 2 and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 P27 — R When this register is read, the bit that is set in

6 P26 . R P2DDR is read as the value of P2DR. The bit
that is cleared in P2DDR is read as the pin

S P25 —* R state.

4 P24 —* R

3 P23 —* R

2 P22 —* R

1 P21 —* R

0 P20 —* R

Note: * Determined by the states of the P27 to P20 pins.
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7.3.4 Port 2 Pull-Up MOS Control Register (P2PCR)

P2PCR controls the on or off state of input pull-up MOSs for port 2.

Bit Bit Name Initial Value R/W Description
7 P27PCR 0 R/W ¢ In normal extended and single-chip modes
6 P26PCR 0 R/W When the pins are in the input states, the
Po5PCR R corresponding input pull-up MOS is turned on
5 5PC 0 W when a P2PCR bit is set to 1.
4 P24PCR 0 R/W .
¢ In multiplex extended mode
3 P23PCR 0 R/W Operation is not affected.
2 P22PCR 0 R/W
1 P21PCR 0 R/W
0 P20PCR 0 R/W

7.3.5 Pin Functions

When the corresponding bit in PTCNT?2 is cleared to 0, port 2 pins can be used as TPU I/O pins.
The relationship between register setting values and pin functions is as follows.

e P27/TIOCB2/TCLKD/A15/AD15
When the TIOCB2/TCLKDS bit in PTCNT?2 is cleared to 0, this pin can be used as the
TIOCB2/TCLKD pin.
According to operating modes, the TPU channel 2 settings by the MD3 to MDO bits in
TMDR_2, the IOB3 to IOBO bits in TIOR_2, and the CCLR1 and CCLRO bits in TCR_2, and
the combination of the TPSC2 to TPSCO bits in TCR_0, the TIOCB2/TCLKDS bit, and the
P27DDR bit, pin functions change as follows.

o Extended Mode (EXPE =1)

Normal Extended Mode (ADMXE = 0)

Multiplex Extended Mode (ADMXE = 1)

P27DDR

0 1

Pin function

P27 input pin A15 output pin

AD15 1/O pin

TIOCB2 input pin*’

TCLKD input pin**
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o Single-Chip Mode (EXPE = 0)

TIOCB2/ 0 1
TCLKDS
TPU channel Table below (2) Table below (1) —
2 setting
P27DDR 0 1 — 0 1
Pin function P27 input pin | P27 output pin | TIOCB2 output | P27 input pin | P27 output pin
TIOCB2 input pin*' pin
TCLKD input pin*®
TPU channel (2) (1) 2 2 (1) 2
2 setting
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO B'0000 B'0001 to B'0011 — B'xx00 Other than B'xx00
B'0100 B'0101 to B'0111
B'1xxx
CCLR1, — — — — Other than B'10
CCLRO B'10
Output — Output compare — — PWM mode —
function output 2 output
[Legend]
x: Don’t care

Notes: 1. When TIOCB2/TCLKDS = 0, MD3 to MDO = B'0000 or B'01xx, and IOB3 = 1, this pin
functions as the TIOCB2 input pin.
2. When TIOCB2/TCLKDS = 0 and TPSC2 to TPSCO in TCR_0 = B'111, this pin functions
as the TCLKD input pin. When TIOCB2/TCLKDS = 0 and phase-count mode is set to
the TCR channel 2, this pin functions as the TCLKD input pin.

e P26/TIOCA2/A14/AD14
When the TIOCAZ2S bit in PTCNT?2 is cleared to 0, this pin can be used as the TIOCA?2 pin.

According to operating modes, the TPU channel 2 settings by the MD3 to MDO bits in

TMDR_2, the IOA3 to IOAO bits in TIOR_2, and the CCLR1 and CCLRO bits in TCR_2, and
the combination of the TIOCAZ2S bit and the P26DDR bit, pin functions change as follows.
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o Extended Mode (EXPE =1)

Normal Extended Mode (ADMXE = 0) | Multiplex Extended Mode (ADMXE = 1)
P26DDR 0 1 —
Pin function P26 input pin A14 output pin AD14 1/0O pin
TIOCAZ input pin*'
¢ Single-Chip Mode (EXPE = 0)
TIOCA2S 0 1
TPU channel Table below (2) Table below (1) —
2 setting
P26DDR 0 1 — 0 1
Pin function P26 input pin | P26 output pin | TIOCA2 output | P26 input pin | P26 output pin
TIOCA2 input pin* pin
TPU channel (2) (1) 2) (1) (1) 2
2 setting
MD3 to MDO B'0000, B'01xx B'001x B'0010 B'0011
IOAS to IOAO B'0000 B'0001 to B'0011 B'xx00 |Otherthan| Otherthan B'xx00
B'0100 | B'0101 to B'O111 Bxx00
B'1xxx
CCLR1, — — — — Other than B'01
CCLRO B'01
Output — Output compare — PWM? PWM —
function output mode 1 mode 2
output output
[Legend]
x: Don’t care

Notes: 1. When TIOCA2S = 0, MD3 to MDO = B'0000 or B'01xx, and IOA3 = 1, this pin functions
as the TIOCA2 input pin.
2. Output is disabled for TIOCB2.

e P25/TIOCB1/TCLKC/A13/AD13
When the TIOCB1/TCLKCS bit in PTCNT?2 is cleared to 0, this pin can be used as the
TIOCB1/TCLKC pin.
According to operating modes, the TPU channel 1 settings by the MD3 to MDO bits in
TMDR_1, the IOB3 to IOBO bits in TIOR_1, and the CCLR1 and CCLRO bits in TCR_1, and
the combination of the TPSC2 to TPSCO bits in TCR_0 and TCR_2, the TIOCB1/TCLKCS bit,
and the P25DDR bit, pin functions change as follows.
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o Extended Mode (EXPE = 1)

Normal Extended Mode (ADMXE = 0)

Multiplex Extended Mode (ADMXE = 1)

P25DDR

0

1

Pin function

P25 input pin

A13 output pin

AD13 /O pin

TIOCBH input pin*'

TCLKC input pin**

o Single-Chip Mode (EXPE = 0)

TIOCB1/ 0
TCLKCS
TPU channel 1 Table below (2) Table below (1) —
setting
P25DDR 0 1 — 0 1
Pin function P25 input pin | P25 output pin | TIOCB1 output | P25 input pin | P25 output pin
TIOCB1 input pin*' pin
TCLKC input pin*®
TPU channel 1 (2) (1) @) 2 (1) 2
setting
MD3 to MDO B'0000, B'01xx B'0010 B'0011
10B3 to I0B0 B'0000 B'0001 to B'0011 — B'xx00 Other than B'xx00
B'0100 B'0101 to B'0111
B'1xxx
CCLR1, — — — — Other than B'10
CCLRO B'10
Output — Output compare — — PWM mode —
function output 2 output
[Legend]
x: Don’t care

Notes: 1. When TIOCB1/TCLKCS = 0, MD3 to MDO = B'0000 or B'01xx, and IOB3 to IOB0 =
B'10xx, this pin functions as the TIOCB1 input pin.

2. When TIOCB1/TCLKCS = 0 and TPSC2 to TPSCO in TCR_0 or TCR2 = B'111, this pin
functions as the TCLKC input pin. When TIOCB1/TCLKCS = 0 and phase-count mode

is set to the TCR channel 2, this pin functions as the TCLKC input pin.
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o P24/TIOCA1/A12/AD12
When the TIOCA1S bit in PTCNT?2 is cleared to 0, this pin can be used as the TIOCA1 pin.

According to operating modes, the TPU channel 1 settings by the MD3 to MDO bits in
TMDR_1, the IOA3 to IOAO bits in TIOR_1, and the CCLR1 and CCLRO bits in TCR_1, and
the combination of the TIOCA1S bit and the P24DDR bit, pin functions change as follows.

o Extended Mode (EXPE = 1)

Normal Extended Mode (ADMXE = 0)

Multiplex Extended Mode (ADMXE = 1)

P24DDR 0 1 —
Pin function P24 input pin A12 output pin AD12 1/O pin
TIOCAT1 input pin*'
¢ Single-Chip Mode (EXPE = 0)
TIOCA2S 0 1
TPU channel Table below (2) Table below (1) —
1 setting
P24DDR 0 1 — 0 1
Pin function P24 input pin | P24 output pin | TIOCA1 output | P24 input pin | P24 output pin
TIOCAT input pin*" pin
TPU channel (2) (1) (2) (1) (1) 2
1 setting
MD3 to MDO B'0000, B'01xx B'001x B'0010 B'0011
IOAS to IOAO B'0000 B'0001 to B'0011 B'xx00 |Otherthan| Otherthan B'xx00
B'0100 | B'0101 to B'O111 Bxx00
B'1xxx
CCLR1, — — — — Other than B'01
CCLRO B'01
Output — Output compare — PWM? PWM —
function output mode 1 mode 2
output output
[Legend]
x: Don’t care

Notes: 1. When TIOCA1S = 0, MD3 to MDO = B'0000 or B'01xx, and IOA3 to IOAO = B'10xx, this
pin functions as the TIOCA1 input pin.

2. Output is disabled for TIOCB1.
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e P23/TIOCDO/TCLKB/A11/ADI11

When the TIOCDO/TCLKBS bit in PTCNT?2 is cleared to 0, this pin can be used as the
TIOCDO/TCLKB pin.
According to operating modes, the TPU channel 0 settings by the MD3 to MDO bits in
TMDR_O0, the IOD3 to IODO bits in TIORL_0, and the CCLR2 to CCLRO bits in TCR_0, and
the combination of the TPSC2 to TPSCO bits in TCR_0 to TCR_2, the TIOCDO/TCLKBS bit,
and the P23DDR bit, pin functions change as follows.

o Extended Mode (EXPE = 1)

Normal Extended Mode (ADMXE = 0) | Multiplex Extended Mode (ADMXE = 1)

P23DDR 0 1 —

Pin function P23 input pin A11 output pin AD11 I/O pin

TIOCDO input pin*’

TCLKB input pin**

¢ Single-Chip Mode (EXPE = 0)

TIOCDO/ 0 1
TCLKBS
TPU channel Table below (2) Table below (1) —
0 setting
P23DDR 0 1 — 0 1
Pin function P23 input pin | P23 output pin | TIOCDO output | P23 input pin | P23 output pin
TIOCDO input pin*' pin
TCLKB input pin**

TPU channel (2) (1) @) 2 (1) 2
0 setting
MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IODO B'0000 B'0001 to B'0011 — B'xx00 Other than B'xx00
B'0100 B'0101 to B'0111
B'1xxx
CCLR2 to — — — — Other than B'110
CCLRO B'110
Output — Output compare — — PWM mode —
function output 2 output
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[Legend]
x: Don't care

Notes: 1. When TIOCDO/TCLKBS = 0, MD3 to MDO = B'0000, and I0D3 to IODO = B'10xx, this

pin functions as the TIOCDO input pin.

2. When TIOCDO/TCLKBS = 0 and TPSC2 to TPSCO in one of TCR_0 to TCR2 = B'101,
this pin functions as the TCLKB input pin. When TIOCB1/TCLKCS = 0 and phase-count
mode is set to the TCR channel 1, this pin functions as the TCLKB input pin.

e P22/TIOCCO/TCLKA/A10/ADI10

When the TIOCCO/TCLKAS bit in PTCNT?2 is cleared to 0, this pin can be used as the
TIOCCO/TCLKA pin.

According to operating modes, the TPU channel O settings by the MD3 to MDO bits in
TMDR_0, the IOC3 to IOCO bits in TIORL_0, and the CCLR2 to CCLRO bits in TCR_0, and
the combination of the TPSC2 to TPSCO bits in TCR_0 to TCR_2, the TIOCCO/TCLKAS bit,
and the P22DDR bit, pin functions change as follows.
o Extended Mode (EXPE = 1)

Normal Extended Mode (ADMXE = 0) | Multiplex Extended Mode (ADMXE = 1)

P22DDR 0 1 —
Pin function P22 input pin A10 output pin AD10 I/O pin

TIOCCO input pin*’

TCLKA input pin*'
o Single-Chip Mode (EXPE = 0)
TIOCCO/ 0 1
TCLKAS
TPU channel Table below (2) Table below (1) —
0 setting
P22DDR 0 1 — 0 1
Pin function P22 input pin | P22 output pin | TIOCCO output | P22 input pin | P22 output pin

TIOCCO input pin*’ pin
TCLKA input pin*®
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TPU channel () 2) (1) (1) )
0 setting
MD3 to MDO B'0000 B'001x B'0010 B'0011
IOC3 to I0CO B'0000 B'0001 to B'0011 B'xx00 Other Other than B'xx00
B'0100 | B'0101 to B'O111 than
B'xx00
B'1xxx
CCLR2 to — — — Other than B'101
CCLRO B'101
Output — Output compare — PWM*® PWM —
function output mode 1 mode 2
output output
[Legend]
x: Don’t care

Notes: 1. When TIOCCO/TCLKAS = 0, MD3 to MDO = B'0000, and I0C3 to IOCO = B'10xx, this
pin functions as the TIOCCO input pin.
2. When TIOCCO/TCLKAS = 0 and TPSC2 to TPSCO in one of TCR_0 to TCR2 = B'100,
this pin functions as the TCLKA input pin. When TIOCCO/TCLKAS = 0 and phase-count
mode is set to the TCR channel 1, this pin functions as the TCLKA input pin.
3. Output is disabled for TIOCDO0. When BFA =1 or BFB = 1 in TMDRO, output is disabled
and the setting is the same as (2).

e P21/TIOCB0/A9/AD9
When the TIOCBOS bit in PTCNT?2 is cleared to 0, this pin can be used as the TIOCBO pin.

According to operating modes, the TPU channel O settings by the MD3 to MDO bits in
TMDR_0 and the IOB3 to IOBO bits in TIORH_0, and the combination of the TIOCBOS bit

and the P21DDR bit, pin functions change as follows.

o Extended Mode (EXPE =1)

Normal Extended Mode (ADMXE = 0)

Multiplex Extended Mode (ADMXE = 1)

P21DDR

0

1

Pin function

P21 input pin

A9 output pin

AD9 I/O pin

TIOCBO input pin*
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o Single-Chip Mode (EXPE = 0)

TIOCBOS 0 1
TPU channel Table below (2) Table below (1) —
0 setting
P21DDR 0 1 — 0 1
Pin function P21 input pin | P21 output pin | TIOCBO output | P21 input pin | P21 output pin
TIOCBO input pin* pin
TPU channel (2) (1) (2) 2) (1) 2
0 setting
MD3 to MDO B'0000 B'0010 B'0011
IOB3 to IOBO B'0000 B'0001 to B'0011 — B'xx00 Other than B'xx00
B'0100 B'0101 to B'0111
B'1xxx
CCLR2 to — — — — Other than B'10
CCLRO B'10
Output — Qutput compare — — PWM —
function output mode 2
output
[Legend]
x: Don’t care
Note: * When TIOCBOS =0, MD3 to MDO = B'0000, and IOB3 to IOB0 = B'10xx, this pin

functions as the TIOCBO input pin.

e P20/TIOCA0/A8/ADS
When the TIOCAOS bit in PTCNT?2 is cleared to 0, this pin can be used as the TIOCAO pin.

According to operating modes, the TPU channel O settings by the MD3 to MDO bits in
TMDR_O0, the IOA3 to IOAO bits in TIORH_0, and the CCLR2 to CCLRO bits in TCR_0, and
the combination of the TIOCAOS bit and the P20DDR bit, pin functions change as follows.

o Extended Mode (EXPE = 1)

Normal Extended Mode (ADMXE = 0)

Multiplex Extended Mode (ADMXE = 1)

P20DDR

0

1

Pin function

P20 input pin

A8 output pin

ADS8 I/O pin

TIOCAOQ input pin*'
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o Single-Chip Mode (EXPE = 0)

TIOCAO0S 0
TPU channel Table below (2) Table below (1) —
0 setting
P20DDR 0 1 — 0 1
Pin function P20 input pin | P20 output pin | TIOCAO output | P20 input pin | P20 output pin
TIOCAO input pin*’ pin
TPU channel (2) (1) (2) (1) (1) 2
0 setting
MD3 to MDO B'0000 B'001x B'0010 B'0011
IOA3 to IOAO B'0000 B'0001 to B'0011 B'xx00 | Otherthan| Other than B'xx00
B'0100 | B'0101 to B'0111 Bxx00
B'1xxx
CCLR2 to — — — — Other than| B'001
CCLRO B'001
Output — Output compare — PWM* PWM —
function output mode 1 mode 2
output output
[Legend]
x: Don’t care

Notes: 1. When TIOCAOS = 0, MD3 to MDO = B'0000, and IOA3 to IOA0 = B'10xx, this pin
functions as the TIOCAO input pin.

2. Output is disabled for TIOCBO.
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7.3.6 Port 2 Input Pull-Up MOS States

Port 2 has an on-chip input pull-up MOS that can be controlled by software. This input pull-up
MOS can be used regardless of the operating mode. Table 7.3 summarizes the input pull-up MOS
states.

Table 7.3  Port 2 Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off : On when P2DDR = 0 and P2PCR = 1; otherwise off.
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7.4 Port 3

Port 3 is an 8-bit I/O port. Port 3 pins also function as bidirectional data bus and EXIRQ input pins.
Port 3 functions change according to the operating mode.

Port 3 has the following registers.

e Port 3 data direction register (P3DDR)

e Port 3 data register (P3DR)

e Port 3 register (PORT3)

e Port 3 pull-up MOS control register (P3PCR)

7.4.1 Port 3 Data Direction Register (P3DDR)

The individual bits in P3DDR specify input or output for the pins of port 3. The read value is
undefined.

Bit Bit Name Initial Value R/W Description

7 P37DDR 0 W e In normal extended mode

6 P36DDR 0 w Operation is not affected.

5 P35DDR 0 W e In multiplex extended mode

4 P34DDR 0 W Operates as single-chip mode

3 P33DDR 0 w ¢ In single-chip mode

2 PS2DR 0 w when the PADDR b are a6t to 1, and nput
1 P31DDR 0 w ports when cleared to 0.

0 P30DDR 0 w
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7.4.2 Port 3 Data Register (P3DR)

P3DR stores output data for the port 3 pins.

Bit Bit Name Initial Value R/W Description

7 P37DR 0 R/W P3DR stores output data for the port 3 pins that are
6 P36DR 0 RIW used as the general output ports.

5 P35DR 0 R/W

4 P34DR 0 R/W

3 P33DR 0 R/W

2 P32DR 0 R/W

1 P31DR 0 R/W

0 P30DR 0 R/W

7.4.3  Port 3 Register (PORT3)

PORT3 reflects the pin state in port 3 and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 P37 —k R When this register is read, the bit that is set in

6 P36 . R P3DDR is read as the value of P3DR. The bit
that is cleared in P3DDR is read as the pin

S P35 — R state.

4 P34 —* R

3 P33 —* R

2 P32 —* R

1 P31 —* R

0 P30 —* R

Note: * Determined by the states of the P37 to P30 pins.

Rev.2.00 May. 28, 2009 Page 159 of 732
RENESAS REJ09B0059-0200



Section 7 1/0O Ports

7.4.4 Port 3 Pull-Up MOS Control Register (P3PCR)

P3PCR controls the on or off state of input pull-up MOSs for port 3.

Bit Bit Name Initial Value R/W Description

7 P37PCR 0 R/W ¢ In normal extended mode

6 P36PCR 0 R/W Operation is not affected.

5 P35PCR 0 R/W ¢ In multiplex extended mode

4 P34PCR 0 R/W Operates as single-chip mode

3 P33PCR 0 R/W ¢ In single-chip mode

2 P32PCR 0 R/W When the p'ins are in the input sta.tes, the
corresponding input pull-up MOS is turned on

1 P31IPCR 0 R/W when a P3PCR bit is set to 1.

0 P30PCR 0 R/W

7.4.5 Pin Functions

When the corresponding bit in PTCNTT1 is set to 1, port 3 pins can be used as interrupt input pins
(ExIRQ3 to ExIRQO). In normal extended mode, port 3 pins function as data I/O pins. In
multiplex extended mode, operation of port 3 pins is the same as that in single-chip mode. The
relationship between register setting values and pin functions is as follows.

e P37/D15

The pin function is switched as shown below according to the operating mode and the
P37DDR bit.

Extended Mode (EXPE = 1)

Normal
Extended Mode Multiplex Extended Mode
(ADMXE = 0) (ADMXE = 1) Single-Chip Mode (EXPE = 0)
P37DDR — 0 1 0 1
Pin function D15 I/O pin P37 input pin | P37 output pin | P37 input pin | P37 output pin
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e P36/D14

The pin function is switched as shown below according to the operating mode and the

P36DDR bit.

Extended Mode (EXPE = 1)
Normal
Extended Mode Multiplex Extended Mode
(ADMXE = 0) (ADMXE = 1) Single-Chip Mode (EXPE = 0)

P36DDR — 0 1 0 1
Pin function D14 1/O pin P36 input pin | P36 output pin | P36 input pin | P36 output pin
e P35/D13

The pin function is switched as shown below according to the operating mode and the
P35DDR bit.

Extended Mode (EXPE = 1)

Normal

Extended Mode

Multiplex Extended Mode

(ADMXE = 0) (ADMXE = 1) Single-Chip Mode (EXPE = 0)
P35DDR — 0 1 0 1
Pin function D13 I/0 pin P35 input pin | P35 output pin | P35 input pin | P35 output pin
e P34/D12

The pin function is switched as shown below according to the operating mode and the

P34DDR bit.

Extended Mode (EXPE = 1)

Normal

Extended Mode

Multiplex Extended Mode

(ADMXE = 0) (ADMXE = 1) Single-Chip Mode (EXPE = 0)
P34DDR — 0 1 0 1
Pin function D12 1/O pin P34 input pin | P34 output pin | P34 input pin | P34 output pin
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e P33/D11/EXIRQ3
When the IRQ3S bit in PTCNT1 is set to 1, this pin can be used as the EXIRQ3 pin.
The pin function is switched as shown below according to the operating mode, the IRQ3S bit,
and the P33DDR bit.

Extended Mode (EXPE = 1)

Normal

Extended Mode

Multiplex Extended Mode

(ADMXE = 0) (ADMXE = 1) Single-Chip Mode (EXPE = 0)
P33DDR — 0 1 0 1
Pin function D11 1/O pin P33 input pin | P33 output pin | P33 input pin | P33 output pin
ExIRQS input pin*
Note: * When the IRQ3S bit in PTCNT1 is set to 1, this pin functions as the ExXIRQ3 input pin.

e P32/D10/ExIRQ2
When the IRQ2S bit in PTCNTT1 is set to 1, this pin can be used as the EXIRQ2 pin.

The pin function is switched as shown below according to the operating mode, the IRQ2S bit,
and the P32DDR bit.

Extended Mode (EXPE = 1)

Normal

Extended Mode

Multiplex Extended Mode

(ADMXE = 0) (ADMXE = 1) Single-Chip Mode (EXPE = 0)
P32DDR — 0 1 0 1
Pin function D10 I/O pin P32 input pin | P32 output pin | P32 input pin | P32 output pin
ExIRQ2 input pin*
Note: * When the IRQ2S bit in PTCNT1 is set to 1, this pin functions as the ExXIRQ2 input pin.
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e P31/D9/EXIRQI
When the IRQ1S bit in PTCNT1 is set to 1, this pin can be used as the EXIRQ1 pin.

The pin function is switched as shown below according to the operating mode, the IRQ1S bit,

and the P31DDR bit.
Extended Mode (EXPE = 1)
Normal
Extended Mode Multiplex Extended Mode

(ADMXE = 0) (ADMXE = 1) Single-Chip Mode (EXPE = 0)
P31DDR — 0 1 0 1
Pin function D9 I/O pin P31 input pin | P31 output pin | P31 input pin | P31 output pin

ExIRQ1 input pin*

Note: * When the IRQ1S bitin PTCNT1 is set to 1, this pin functions as the ExXIRQT input pin.

e P30/D8/ExIRQO
When the IRQOS bit in PTCNTT1 is set to 1, this pin can be used as the EXIRQO pin.
The pin function is switched as shown below according to the operating mode, the IRQOS bit,

and the P30DDR bit.
Extended Mode (EXPE = 1)
Normal
Extended Mode Multiplex Extended Mode

(ADMXE = 0) (ADMXE = 1) Single-Chip Mode (EXPE = 0)
P30DDR — 0 1 0 1
Pin function D8 1/0 pin P30 input pin | P30 output pin | P30 input pin | P30 output pin

ExIRQO input pin*

Note: * When the IRQOS bit in PTCNT1 is set to 1, this pin functions as the ExXIRQO input pin.
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7.4.6 Port 3 Input Pull-Up MOS States

Port 3 has an on-chip input pull-up MOS that can be controlled by software. This input pull-up
MOS can be used in single-chip and multiplex extended modes. Table 7.4 summarizes the input

pull-up MOS states.

Table 7.4  Port 3 Input Pull-Up MOS States

Hardware
Mode Reset Standby Mode

Software
Standby Mode

In Other
Operations

Normal extended Off Off
mode (EXPE =1,
ADMXE = 0)

Off

Off

Single-chip mode  Off Off
(EXPE = 0)

Multiplex extended
mode (EXPE =1,
ADMXE = 1)

On/Off

On/Off

[Legend]
Off: Always off.

On/Off : On when input state and P3PCR = 1; otherwise off.
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7.5 Port 4

Port 4 is an 8-bit I/O port. Port 4 pins also function as external interrupt pins, TMRO_0, TMRO_1,
TMRX_0, TMRY_0, TMRX_1, TMRY_1, and FRT_1 input pins, and PWM output pins.

Port 4 has the following registers.

e Port 4 data direction register (P4ADDR)
e Port 4 data register (P4DR)
o Port 4 register (PORT4)

7.5.1 Port 4 Data Direction Register (P4DDR)

The individual bits in PADDR specify input or output for the pins of port 4. The read value is
undefined.

Bit Bit Name Initial Value R/W Description

7 P47DDR 0 W While a general I/O port function is selected, the
s _pao0A o et o ren
5 P4SDDR O w cleared to 0.

4 P44DDR 0 W

3 P43DDR 0 W

2 P42DDR 0 W

1 P41DDR 0 W

0 P40DDR 0 W
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7.5.2 Port 4 Data Register (P4DR)

P4DR stores output data for the port 4 pins.

Bit Bit Name Initial Value R/W Description

7 P47DR 0 R/W P4DR stores output data for the port 4 pins that are
6 P46DR 0 RIW used as the general output ports.

5 P45DR 0 R/W

4 P44DR 0 R/W

3 P43DR 0 R/W

2 P42DR 0 R/W

1 P41DR 0 R/W

0 P40DR 0 R/W

7.5.3  Port 4 Register (PORT4)

PORT4 reflects the pin state in port 4 and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 P47 — R When this register is read, the bit that is set in

6 P46 . R P4DDR is read as the value of PADR. The bit
that is cleared in P4DDR is read as the pin

S P45 —* R state.

4 P44 —* R

3 P43 —* R

2 P42 —* R

1 P41 —* R

0 P40 —* R

Note: * Determined by the states of the P47 to P40 pins.
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7.5.4 Pin Functions

When the corresponding bit in PTCNT]1 is cleared to 0, port 4 pins can be used as interrupt input
pins (IRQ7 to IRQO). When the corresponding bit in PTCNTO is set to 1, port 4 pins can be used
as PWM output pins (ExPW3 to ExXPWO0). The relationship between register setting values and pin
functions is as follows.

e P47/IRQ7/TMIY_0/ExPW3
When the IRQ7S bit in PTCNT! is cleared to 0, this pin can be used as an IRQ7 pin.
When the PW3S bit in PTCNTO is set to 1, this pin can be used as an ExXPW3 pin.
The pin function is switched as shown below according to the combination of the OE3 bit in
PWOER of the PWM, the IRQ7S bit, the PW3S bit, and the P47DDR bit.
When the external clock is selected by the CKS2 to CKSO bits in TCR of the TMRY_O, this
pin functions as a TMCIY input pin. When the CCLR1 and CCLRO bits in TCR of the
TMRY_0 are both set to 1, this pin functions as a TMRIY input pin.

P47DDR 0 1

PW3S — 0 1

OE3 — — 0 1

Pin function P47 input pin P47 output pin P47 output pin PWS3 output pin

TMIY_O (TMCIY/TMRIY) input pin
IRQ7 input pin*
Note: * When the IRQ7S bitin PTCNT1 is cleared to 0, this pin functions as the IRQ7 input pin.

e P46/IRQ6/TMIX_0/ExPW2
When the IRQ6S bit in PTCNT! is cleared to 0, this pin can be used as an IRQ6 pin.
When the PW2S bit in PTCNTO is set to 1, this pin can be used as an ExXPW?2 pin.
The pin function is switched as shown below according to the combination of the OE2 bit in
PWOER of the PWM, the IRQ6S bit, the PW2S bit, and the PA6DDR bit.
When the external clock is selected by the CKS2 to CKSO bits in TCR of the TMRX_0, this
pin functions as a TMCIX input pin. When the CCLR1 and CCLRO bits in TCR of the
TMRX_0 are both set to 1, this pin functions as a TMRIX input pin.
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P46DDR 0 1

PW2S — 0

OE2 — — 0 1

Pin function P46 input pin P46 output pin P46 output pin PW?2 output pin

TMIX_0 (TMCIX/TMRIX) input pin

IRQ6 input pin*
Note: * When the IRQ6S bit in PTCNT1 is cleared to 0, this pin functions as the IRQ6 input pin.

e P45/IRQ5/TMI0_0/ExPW1
When the IRQ5S bit in PTCNT!1 is cleared to 0, this pin can be used as an IRQ5 pin.
When the PW1S bit in PTCNTO is set to 1, this pin can be used as an ExXPW1 pin.
The pin function is switched as shown below according to the combination of the OE1 bit in
PWOER of the PWM, the IRQS5S bit, the PW1S bit, and the PASDDR bit.
When the external clock is selected by the CKS2 to CKSO bits in TCR of the TMRO0_0, this pin
functions as a TMCIO input pin. When the CCLR1 and CCLRO bits in TCR of the TMRO_0
are both set to 1, this pin functions as a TMRIO input pin.

P45DDR 0 1

PW1S — 0

OE1 — — 0 1

Pin function P45 input pin P45 output pin P45 output pin PW1 output pin

TMIO_O (TMCIO/TMRIO) input pin

IRQ5 input pin*

Note: * When the IRQ5S bitin PTCNT1 is cleared to 0, this pin functions as the IRQ5 input pin.

o P44/IRQ4/TMIY_1/ExPWO0
When the IRQ4S bit in PTCNTI1 is cleared to 0, this pin can be used as an IRQ4 pin.
When the PWOS bit in PTCNTO is set to 1, this pin can be used as an ExXPWO pin.
The pin function is switched as shown below according to the combination of the OEO bit in
PWOER of the PWM, the IRQ4S bit, the PWOS bit, and the P44DDR bit.
When the external clock is selected by the CKS2 to CKSO bits in TCR of the TMRY_1, this
pin functions as a TMCIY input pin. When the CCLR1 and CCLRO bits in TCR of the
TMRY_1 are both set to 1, this pin functions as a TMRIY input pin.
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P44DDR 0 1

PWOS — 0 1

OEO — — 0 1

Pin function P44 input pin P44 output pin P44 output pin PWO output pin

TMIY_1 (TMCIY/TMRIY) input pin

IRQ4 input pin*

Note: * When the IRQ4S bitin PTCNT1 is cleared to 0, this pin functions as the IRQ4 input pin.

e P43/IRQ3/TMIX_1
When the IRQ3S bit in PTCNT! is cleared to 0, this pin can be used as an IRQ3 pin.
The pin function is switched as shown below according to the combination of the IRQ3S bit
and the P43DDR bit.
When the external clock is selected by the CKS2 to CKSO bits in TCR of the TMRX_1, this
pin functions as a TMCIX input pin. When the CCLR1 and CCLRO bits in TCR of the
TMRX_1 are both set to 1, this pin functions as a TMRIX input pin.

P43DDR

0

1

Pin function

P44 input pin

P44 output pin

TMIX_1 (TMCIX/TMRIX) input pin

IRQS input pin*

Note: * When the IRQ3S bitin PTCNT1 is cleared to 0, this pin functions as the IRQS input pin.

e P42/IRQ2/TMI0_1
When the IRQ2S bit in PTCNT!1 is cleared to 0, this pin can be used as an IRQ2 pin.
The pin function is switched as shown below according to the combination of the IRQ2S bit
and the P42DDR bit.

When the external clock is selected by the CKS2 to CKSO bits in TCR of the TMRO_1, this pin
functions as a TMCIO input pin. When the CCLR1 and CCLRO bits in TCR of the TMRO_1

are both set to 1, this pin functions as a TMRIO input pin.

P42DDR

0

1

Pin function

P42 input pin

P42 output pin

TMIO_1 (TMCIO/TMRIO) input pin

IRQ2 input pin*

Note: * When the IRQ2S bit in PTCNT1 is cleared to 0, this pin functions as the IRQ2 input pin.

RENESAS
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e P41/IRQI/FTIC_1
When the IRQ1S bit in PTCNTI1 is cleared to 0, this pin can be used as an IRQI pin.
The pin function is switched as shown below according to the combination of the IRQ1S bit
and the P41DDR bit.
When the ICICE bit in TIER of the FRT_1 is set to 1, this pin functions as an FTIC_1 input

pin.

P41DDR 0 1

Pin function P41 input pin P41 output pin

FTIC_1 input pin

IRQ1 input pin*

Note: * When the IRQ1S bitin PTCNT1 is cleared to 0, this pin functions as the IRQ1 input pin.

e P40/IRQO/FTIB_1
When the IRQOS bit in PTCNT! is cleared to 0, this pin can be used as an IRQO pin.
The pin function is switched as shown below according to the combination of the IRQOS bit
and the P40DDR bit.
When the ICIBE bit in TIER of the FRT_1 is set to 1, this pin functions as an FTIB_1 input
pin.

P40DDR 0 1

Pin function P40 input pin P40 output pin

FTIB_1 input pin

IRQO input pin*

Note: * When the IRQOS bit in PTCNT1 is cleared to 0, this pin functions as the IRQO input pin.
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7.6 Port 5

Port 5 is an 8-bit I/O port. Port 5 pins also function as TMRO_1 and TMRI1_1 output pins, SCI_0
and SCI_1 I/O pins, and PWM output pins.

Port 5 has the following registers.

e Port 5 data direction register (PSDDR)
e Port 5 data register (PSDR)
e Port 5 register (PORTS)

7.6.1 Port 5 Data Direction Register (PSDDR)

The individual bits in PSDDR specify input or output for the pins of port 5. The read value is
undefined.

Bit Bit Name Initial Value R/W Description

7 P57DDR 0 W While a general I/O port function is selected, the
o paoR 0 W g oo st e
5 PSSDDR 0 W cleared to 0.

4 P54DDR 0 W

3 P53DDR 0 W

2 P52DDR 0 W

1 P51DDR 0 W

0 P50DDR 0 W
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7.6.2 Port 5 Data Register (PSDR)

P5DR stores output data for the port 5 pins.

Bit Bit Name Initial Value R/W Description

7 P57DR 0 R/W P5DR stores output data for the port 5 pins that are
6 P56DR 0 RIW used as the general output ports.

5 P55DR 0 R/W

4 P54DR 0 R/W

3 P53DR 0 R/W

2 P52DR 0 R/W

1 P51DR 0 R/W

0 P50DR 0 R/W

7.6.3  Port 5 Register (PORTS)

PORTS reflects the pin state in port 5 and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 P57 —* R When this register is read, the bit that is set in

6 P56 . R P5DDR is read as the value of P5DR. The bit
that is cleared in P5DDR is read as the pin

S P55 —* R state.

4 P54 —* R

3 P53 —* R

2 P52 —* R

1 P51 —* R

0 P50 —* R

Note: * Determined by the states of the P57 to P50 pins.
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7.6.4

Pin Functions

When the corresponding bit in PTCNTO is set to 1, port 5 pins can be used as PWM output pins
(ExPWS5 and ExPW4). The relationship between register setting values and pin functions is as

follows.

e P57/TMOI1_1/ExPW5
When the PW5S bit in PTCNTO is set to 1, this pin can be used as an ExXPWS5 pin.

The pin function is switched as shown below according to the combination of the OS3 to OSO
bits in TCSR of the TMR1_1, the OES bit in PWOER of the PWM, the PW5S bit, and the

P57DDR bit.

0S3 to 0OS0 All O At lease one
bit is set to 1

P57DDR 0 1 —

PW5S — 0 —

OE5 — — 0 1 —

Pin function P57 input pin | P57 output pin | P57 output pin | EXPWS5 output TMO1_1

pin output pin

e P56/TMOO0_1/ExPW4
When the PW4S bit in PTCNTO is set to 1, this pin can be used as an ExXPW4 pin.

The pin function is switched as shown below according to the combination of the OS3 to OSO
bits in TCSR of the TMRO_1, the OE4 bit in PWOER of the PWM, the PW4S bit, and the

P56DDR bit.
0S3to OSO AllO At lease one
bit is set to 1
P56DDR 0 1 —
PW4S — 0 —
OE5 — — 0 1 —
Pin function P56 input pin | P56 output pin | P56 output pin | ExXPW4 output TMOO_1
pin output pin
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e P55/RxDl1

The pin function is switched as shown below according to the combination of the RE bit in

SCR of the SCI_1 and the PS5DDR bit.

RE 0 1
P55DDR 0 1 —

Pin function P55 input pin P55 output pin RxD1 input pin
e P54/TxDl1

The pin function is switched as shown below according to the combination of the TE bit in

SCR of the SCI_1 and the PS4DDR bit.

TE 0 1
P54DDR 0 1 —

Pin function P54 input pin P54 output pin TxD1 output pin
e P53/SCK1

The pin function is switched as shown below according to the combination of the C/A bit in
SMR of the SCI_1, the CKEO and CKE]1 bits in SCR, and the P53DDR bit.

CKE1 0 1

C/A 0 1 _

CKEO 0 1 — —

P53DDR 0 1 — — —

Pin function P53 input pin | P53 output pin | SCK1 output | SCK1 output |SCK1 input pin
pin pin

e P52/RxDO0O

The pin function is switched as shown below according to the combination of the RE bit in
SCR of the SCI_0 and the P5S2DDR bit.

RE 0 1
P52DDR 0 1 —

Pin function P52 input pin P52 output pin RxDO input pin
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e P51/TxD0O

The pin function is switched as shown below according to the combination of the TE bit in
SCR of the SCI_0 and the PS1DDR bit.

TE 0 1
P51DDR 0 1 —

Pin function P51 input pin P51 output pin TxDO output pin
e P50/SCKO

The pin function is switched as shown below according to the combination of the C/A bit in
SMR of the SCI_0, the CKEO and CKE]1 bits in SCR, and the PSODDR bit.

CKET1 0 ”
C/A 0 1 _
CKEO 1 — —
P50DDR 0 1 — — —

Pin function P50 input pin | P50 output pin | SCKO output SCKO output |SCKO input pin

pin pin
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7.7 Port 6

Port 6 is an 8-bit I/O port. Port 6 pins also function as bidirectional data bus, SCI_2 I/O pins,
FRT_1 I/O pins, and TMRX_1 and TMRY_1 output pins. Port 6 functions change according to

the

operating mode.

Port 6 has the following registers.

7.1.

Port 6 data direction register (P6DDR)

Port 6 data register (P6DR)

Port 6 register (PORT6)

Port 6 pull-up MOS control register (P6PCR)
Port 6 open-drain control register (P6ODR)

1 Port 6 Data Direction Register (P6DDR)

The individual bits in PODDR specify input or output for the pins of port 6. The read value is

undefined.

Bit Bit Name Initial Value R/W Description

7 P67DDR 0 W e In normal extended mode (16-bit data bus)

6 P66DDR 0 w Operation is not affected.

5 P65DDR 0 w e In normal extended mode (8-bit data

4 P64DDR 0 w bus)/multiplex extended mode

3 P63DDR 0 W Operates as single-chip mode

> P62DDR 0 W ¢ In single-chip mode

1 P61DDR 0 W While a geqeral I/0 po.rt fynctlon is selected, the
corresponding port 6 pin is an output port when

0 P60DDR 0 W a P6DDR bit is set to 1, and an input port when
cleared to 0.
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7.7.2 Port 6 Data Register (P6DR)

P6DR stores output data for the port 6 pins.

Bit Bit Name Initial Value R/W Description

7 P67DR 0 R/W P6DR stores output data for the port 6 pins that are
6 P66DR 0 RIW used as the general output ports.

5 P65DR 0 R/W

4 P64DR 0 R/W

3 P63DR 0 R/W

2 P62DR 0 R/W

1 P61DR 0 R/W

0 P60DR 0 R/W

7.7.3  Port 6 Register (PORT6)

PORTS6 reflects the pin state in port 6 and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 P67 —k R When this register is read, the bit that is set in

6 P66 % R P6DDR is read as the value of P6DR. The bit
that is cleared in P6DDR is read as the pin

5 P65 —* R state.

4 P64 —* R

3 P63 —* R

2 P62 —* R

1 P61 —* R

0 P60 —* R

Note: * Determined by the states of the P67 to P60 pins.
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7.7.4 Port 6 Pull-Up MOS Control Register (P6PCR)

P6PCR controls the on or off state of input pull-up MOSs for port 6.

Bit Bit Name Initial Value R/W Description
7 P67PCR 0 R/W ¢ In normal extended mode (16-bit data bus)
6 P66PCR 0 R/W Operation is not affected.
5 P65PCR 0 R/W ¢ In normal extended mode (8-bit data
4 P64PCR 0 R/W bus)/multiplex extended mode
3 P63PCR 0 R/W Operates as single-chip mode
> P62PCR 0 R/W ¢ In single-chip mode
When the pins are in the input states, the
! PE61PCR 0 RIW corresponding input pull-up MOS is turned on
0 P60OPCR 0 R/W when a P6PCR bit is set to 1.

7.7.5  Port 6 Open-Drain Control Register (P60ODR)

P60ODR specifies the output type of port 6.

Initial
Bit  Bit Name Value R/W Description
7 P670DR 0 R/W Setting a bit to 1 specifies the PMOS of the
6 P660ODR 0 R/W corresponding pin to the off state. When a pin function
is specified as an output port, open-drain output is
5 P650DR 0 R/W enabled. Push-pull output is enabled when a pin
4 P640ODR 0 R/W cleared to 0 is specified as an output port.
3 P630DR 0 R/W
2 P620DR 0 R/W
1 P610DR 0 R/W
0 P60ODR 0 R/W
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7.7.6 Pin Functions

The relationship between register setting values and pin functions is as follows.

e P67/RxD2/D7

The pin function is switched as shown below according to the combination of the operating
mode, the RE bit in SCR of the SCI_2, and the P67DDR bit.

o Extended Mode (EXPE = 1)

Multiplex Extended Mode

Normal Extended Mode (ADMXE = 0) (ADMXE = 1)
Bus width* 16-bit 8-bit —
RE — Single-chip operation Single-chip operation
P67DDR —
Pin function D7 1/0O pin

Note: * When the ABW3 to ABW1 bits in BCRA3 to BCRA1 are all set to 1, bus width is 8 bits,
if any are cleared to 0, bus width is 16 bits.

o Single-Chip Mode (EXPE = 0)

RE 1
P67DDR 0 1 —
Pin function P67 input pin P67 output pin RxD2 input pin

e P66/TxD2/D6

The pin function is switched as shown below according to the combination of the operating
mode, the TE bit in SCR of the SCI_2, and the P66DDR bit.

o Extended Mode (EXPE = 1)

Multiplex Extended Mode

Normal Extended Mode (ADMXE = 0) (ADMXE = 1)
Bus width* 16-bit 8-bit —
TE — Single-chip operation Single-chip operation
P66DDR —
Pin function D6 1/0 pin

Note: * When the ABW3 to ABW1 bits in BCRA3 to BCRA1 are all set to 1, bus width is 8 bits,
if any are cleared to 0, bus width is 16 bits.
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o Single-Chip Mode (EXPE = 0)

TE 0
P66DDR 0 1 —
Pin function P66 input pin P66 output pin TxD2 output pin

e P65/SCK2/D5

The pin function is switched as shown below according to the combination of the operating
mode, the C/A bit in SMR of the SCI_2, the CKEO and CKE1 bits in SCR, and the P65DDR

bit.
o Extended Mode (EXPE = 1)

Multiplex Extended Mode
Normal Extended Mode (ADMXE = 0) (ADMXE = 1)
Bus width* 16-bit 8-bit —
CKE1 — Single-chip operation Single-chip operation
C/A —
CKEO —
P65DDR —
Pin function D5 1/0 pin
Note: * When the ABW3 to ABW1 bits in BCRA3 to BCRA1 are all set to 1, bus width is 8 bits,

if any are cleared to 0, bus width is 16 bits.

¢ Single-Chip Mode (EXPE = 0)

CKE1 1

C/A 0 1 _

CKEO 0 1 — —

P65DDR 0 1 — — —

Pin function P65 input pin | P65 output pin | SCK2 output SCK2 output |SCK2 input pin
pin pin
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e P64/FTCI_1/D4

The pin function is switched as shown below according to the combination of the operating
mode and the P64DDR bit.
When the CKS1 and CKSO bits in TCR of the FRT_1 are all set to 1, this pin functions as an
FTCI_1 input pin.

o Extended Mode (EXPE = 1)

Multiplex Extended Mode
Normal Extended Mode (ADMXE = 0) (ADMXE = 1)
Bus width* 16-bit 8-bit —
P64DDR — Single-chip operation Single-chip operation
Pin function D4 1/O pin
FTCI_1 input pin

Note: * When the ABW3 to ABW1 bits in BCRA3 to BCRA1 are all set to 1, bus width is 8 bits,
if any are cleared to 0, bus width is 16 bits.

o Single-Chip Mode (EXPE = 0)

P64DDR 0 1

Pin function P64 input pin P64 output pin
FTCI_1 input pin

e P63/TMOY_1/D3

The pin function is switched as shown below according to the combination of the operating
mode, the OS3 to OSO bits in TCSR of the TMRY_1, and the P63DDR bit.

o Extended Mode (EXPE = 1)

Multiplex Extended Mode
Normal Extended Mode (ADMXE = 0) (ADMXE = 1)
Bus width* 16-bit 8-bit —
0S3 to OS0 — Single-chip operation Single-chip operation
P63DDR —
Pin function D3 I/0 pin

Note: * When the ABW3 to ABW1 bits in BCRA3 to BCRA1 are all set to 1, bus width is 8 bits,
if any are cleared to 0, bus width is 16 bits.
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o Single-Chip Mode (EXPE = 0)

0OS3to OSO AllO At least one bit is set to 1
P63DDR 0 1 —
Pin function P63 input pin P63 output pin TMOY_1 output pin

e P62/TMOX_1/D2

The pin function is switched as shown below according to the combination of the operating
mode, the OS3 to OSO0 bits in TCSR of the TMRX_1, and the P62DDR bit.

o Extended Mode (EXPE = 1)

Multiplex Extended Mode
Normal Extended Mode (ADMXE = 0) (ADMXE = 1)
Bus width* 16-bit 8-bit —
0S3 to OS0 — Single-chip operation Single-chip operation
P62DDR —
Pin function D2 1/0 pin

Note: * When the ABW3 to ABW1 bits in BCRA3 to BCRA1 are all set to 1, bus width is 8 bits,
if any are cleared to 0, bus width is 16 bits.

o Single-Chip Mode (EXPE = 0)

0OS3to OSO AllO At least one bit is set to 1
P62DDR 0 1 —
Pin function P62 input pin P62 output pin TMOX_1 output pin

e P61/FTOB_1/D1

The pin function is switched as shown below according to the combination of the operating
mode, the OEB bit in TOCR of the FRT_1, and the P61DDR bit.

o Extended Mode (EXPE = 1)

Multiplex Extended Mode
Normal Extended Mode (ADMXE = 0) (ADMXE = 1)
Bus width* 16-bit 8-bit —
OEB — Single-chip operation Single-chip operation
P61DDR —
Pin function D1 1/O pin

Note: * When the ABW3 to ABW1 bits in BCRA3 to BCRA1 are all set to 1, bus width is 8 bits,
if any are cleared to 0, bus width is 16 bits.
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o Single-Chip Mode (EXPE = 0)

OEB AllO At least one bit is set to 1
P61DDR 0 1 —
Pin function P61 input pin P61 output pin FTOB_1 output pin

e P60/FTOA_1/DO

The pin function is switched as shown below according to the combination of the operating
mode, the OEA bit in TOCR of the FRT_1, and the P60DDR bit.

o Extended Mode (EXPE = 1)

Multiplex Extended Mode
Normal Extended Mode (ADMXE = 0) (ADMXE = 1)
Bus width* 16-bit 8-bit —
OEA — Single-chip operation Single-chip operation
P60DDR —
Pin function DO I/O pin

Note: * When the ABW3 to ABW1 bits in BCRA3 to BCRA1 are all set to 1, bus width is 8 bits,
if any are cleared to 0, bus width is 16 bits.

o Single-Chip Mode (EXPE = 0)

OEA All O At least one bit is set to 1
P60DDR 0 1 —
Pin function P60 input pin P60 output pin FTOA_1 output pin
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7.7.7 Port 6 Input Pull-Up MOS States

Port 6 has an on-chip input pull-up MOS that can be controlled by software. Table 7.5 summarizes
the input pull-up MOS states.

Table 7.5  Port 6 Input Pull-Up MOS States

Hardware Standby Software Standby

Reset Mode Mode In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off : On when input state and P6PCR = 1; otherwise off.
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7.8 Port 7

Port 7 is an 8-bit input port. Port 7 pins also function as A/D converter analog input pins.
Port 7 has the following register.

e Port 7 register (PORT7)

7.8.1  Port 7 Register (PORT?7)

PORTY7 is an 8-bit read-only register, that reflects the pin state in port 7. PORT7 cannot be
modified.

Bit Bit Name Initial Value R/W Description

7 P77 —* R When this register is read, the pin state is
6 P76 . R always read.

5 P75 —* R

4 P74 —* R

3 P73 —* R

2 P72 —* R

1 P71 —* R

0 P70 —* R

Note: * Determined by the states of the P77 to P70 pins.
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7.8.2  Pin Functions
Pin function relationships are listed below.

e P77/AN7

Pin P77 input pin

function

AN?7 input pin

e P76/AN6

Pin P76 input pin

function ANG input pin

e P75/ANS

Pin P75 input pin

function

ANS5 input pin

e P74/AN4

Pin P74 input pin

function AN4 input pin

e P73/AN3

Pin P73 input pin

function

ANS input pin

e P72/AN2

Pin P72 input pin

function

AN2 input pin

e P71/ANI

Pin P71 input pin

function ANT1 input pin
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e P70/ANO

Pin P70 input pin

function ANO input pin

7.9 Port 8

Port 8 is an 8-bit I/O port. Port 8 pins also function as external trigger input pins for the A/D
converter, PWMX output pins, SCI_3, SCI_4, IIC3_0, and IIC3_1 I/O pins, and TPU I/O pins.
The output format for P80 to P83 which are general I/O ports is NMOS push-pull output.

Port 8 has the following registers.

e Port 8 data direction register (P§DDR)
e Port 8§ data register (PSDR)
o Port 8 register (PORTS)

7.9.1 Port 8 Data Direction Register (PSDDR)

The individual bits in PSDDR specify input or output for the pins of port 8. The read value is
undefined.

o
L

Bit Name Initial Value R/W Description

7 P87DDR 0 w While a general I/O port function is selected, the

6 P86DDR 0 W correspoqd!ng port 8 pin is an.output port when a
P8DDR bit is set to 1, and an input port when

S P8SDDR 0 W cleared to 0.

4 P84DDR 0 W

3 P83DDR 0 w

2 P82DDR 0 W

1 P81DDR 0 w

0 P8ODDR 0 W
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7.9.2 Port 8 Data Register (P§DR)

P8DR stores output data for the port 8 pins.

Bit Bit Name Initial Value R/W Description

7 P87DR 0 R/W P8DR stores output data for the port 8 pins that are
6 P86DR 0 RIW used as the general output ports.

5 P85DR 0 R/W

4 P84DR 0 R/W

3 P83DR 0 R/W

2 P82DR 0 R/W

1 P81DR 0 R/W

0 P8ODR 0 R/W

7.9.3  Port 8 Register (PORTS)

PORTS reflects the pin state in port 8 and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 P87 —* R When this register is read, the bit that is set in

6 P86 . R P8DDR is read as the value of P8DR. The bit
that is cleared in P8DDR is read as the pin

S P85 —* R state.

4 P84 —* R

3 P83 —* R

2 P82 —* R

1 P81 —* R

0 P80 —* R

Note: * Determined by the states of the P87 to P80 pins.

Rev.2.00 May. 28, 2009 Page 188 of 732
REJ09B0059-0200

RENESAS



Section 7 1/0O Ports

7.9.4 Pin Functions

When the corresponding bit in PTCNT?2 is set to 1, port 8 pins can be used as TPU I/O pins
(ExTIOCBO and ExTIOCADO). The relationship between register setting values and pin functions is
as follows.

e P87/ExTIOCBO/ADTRG
When the TIOCBOS bit in PTCNT?2 is set to 1, this pin can be used as an EXTIOCBO pin.
The pin function is switched as shown below according to the combination of the TPU channel
0 settings by the MD3 to MDO bits in TMDR_0 and the IOB3 to IOBO bits in TIORH_O0, the
TIOCBOS bit, and the PS7DDR bit.
When the TRGS1 and TRGSO bits in ADCR are all set to 1, this pin functions as an ADTRG

input pin.
TIOCBO0S 0 1
TIOCBO output — Table below (2) Table below (1)
P87DDR 0 1 0 1 —
Pin function P87 input pin | P87 output pin | P87 input pin | P87 output pin ExTIOCBO
EXTIOCBO input pin* output pin
ADTRG input pin
TPU channel 0 @) (1) 2) @) (1) 2
setting
MD3 to MDO B'0000 B'0010 B'0011
IOB3 to IOBO B'0000 B'0001 to B'0011 — B'xx00 Other than B'xx00
B'0100 B'0101 to B'0111
B'1xxx
CCLR2 to — — — — Other than B'010
CCLRO B'010
Output function — Output compare — — PWM mode —
output 2 output
[Legend]
x: Don’t care

Note: * When TIOCBOS = 1, MD3 to MDO = B'0000, and IOB3 to IOB0 = B'10xx, this pin
functions as the TIOCBO input pin.
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e PR6/EXTIOCAQ
When the TIOCAOS bit in PTCNT?2 is set to 1, this pin can be used as an EXTIOCAO pin.

The pin function is switched as shown below according to the combination of the TPU channel
0 settings by the MD3 to MDO bits in TMDR_0, the IOA3 to IOAQ bits in TIORH_0, and the
CCLR2 to CCLRO bits in TCR_0, the TIOCAOS bit, and the PS6DDR bit.

TIOCAO0S 0 1
TPU channel 0 — Table below (2) Table below (1)
setting
P86DDR 0 1 0 1 —
Pin function P86 input pin | P86 output pin | P86 input pin |P86 output pin| ExTIOCAO

ExTIOCAO input pin*’ output pin
TPU channel 0 @) (1) 2) (1) (1) 2
setting
MD3 to MDO B'0000 B'001x B'0010 B'0011
IOAS to IOAO B'0000 B'0001 to B'0011 B'xx00 Other Other than B'xx00

B'0100 | B'0101 to B'0111 than
B'xx00
B'1xxx
CCLR2 to — — — — Other than B'001
CCLRO B'001
Output function — Output compare — PWM:* PWM —
output mode 1 mode 2
output output

[Legend]
x: Don’t care

Notes: 1. When TIOCAQS = 1, MD3 to MDO = B'0000, and I0A3 to IOAQ = B'10xx, this pin
functions as the TIOCAO input pin.

2. Output is disabled for TIOCBO.

e P85/PWXI1

The pin function is switched as shown below according to the combination of the OEB bit in
DACR of the PWMX and the PS5DDR bit.

OEB 0 1
P85DDR 0 1 —
Pin function P85 input pin P85 output pin PWX1 output pin
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e P84/PWXO0

The pin function is switched as shown below according to the combination of the OEA bit in
DACR of the PWMX and the P84DDR bit.

OEA 0 1
P84DDR 0 1 —
Pin function P84 input pin P84 output pin PWXO0 output pin

o P83/SDAI1/RxD4
The pin function is switched as shown below according to the combination of the RE bit in
SCR of the SCI_4, the ICE bit in ICCRA of the IIC3_1, and the P83DDR bit. When this pin is
used as the P83 output pin, the output format is NMOS push-pull output. The output format for
SDA1 is NMOS open-drain output, and direct bus drive is possible.

ICE 0 1
RE 0 1 —
P83DDR 0 1 — —
Pin function P83 input pin P83 output pin RxD4 input pin SDA1 1/O pin

e P82/SCL1/TxD4
The pin function is switched as shown below according to the combination of the TE bit in
SCR of the SCI_4, the ICE bit in ICCRA of the IIC3_1, and the P82DDR bit. When this pin is
used as the TxD4 or P82 output pin, the output format is NMOS push-pull output. The output
format for SCL1 is NMOS open-drain output, and direct bus drive is possible.

ICE 0 1
TE 0 1 —
P82DDR 0 1 — —
Pin function P82 input pin P82 output pin TxD4 output pin SCL1 1/O pin
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e P81/SDA(O/RxD3

The pin function is switched as shown below according to the combination of the RE bit in
SCR of the SCI_3, the ICE bit in ICCRA of the IIC3_0, and the PS1DDR bit. When this pin is
used as the P81 output pin, the output format is NMOS push-pull output. The output format for
SDAO is NMOS open-drain output, and direct bus drive is possible.

ICE 0 1
RE 1 —
P81DDR 0 1 — —
Pin function P81 input pin P81 output pin RxD3 input pin SDAQO I/0 pin

e P80/SCLO/TxD3

The pin function is switched as shown below according to the combination of the TE bit in
SCR of the SCI_3, the ICE bit in ICCRA of the IIC3_0, and the PSODDR bit. When this pin is
used as the TxD3 or P80 output pin, the output format is NMOS push-pull output. The output

format for SCLO is NMOS open-drain output, and direct bus drive is possible.

ICE 0 1

TE 1 —
P8ODDR 0 1 — —

Pin function P80 input pin P80 output pin TxD3 output pin SCLO 1/O pin
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7.10 Port 9

Port 9 is an 8-bit I/O port. Port 9 pins also function as bus control I/O pins, system clock output
pins, and TPU I/O pins. Port 9 functions change according to the operating mode.

Port 9 has the following registers.

e Port 9 data direction register (P9DDR)
e Port 9 data register (P9DR)
e Port 9 register (PORTY)

e Port function control register (PFCR)

7.10.1 Port 9 Data Direction Register (P9DDR)

The individual bits in PO9DDR specify input or output for the pins of port 9. The read value is

undefined.

Bit Bit Name Initial Value R/W Description

7 P97DDR 0 w If port 9 pins are specified for use as the general
I/0 port, the corresponding port 9 pins are output
ports when the PODDR bits are set to 1, and input
ports when cleared to 0.

6 P96DDR 0 w When this bit is set to 1, the corresponding port 9
pin is the system clock output pin (¢), and as a
general input port when cleared to 0.

5 P95DDR 0 W If port 9 pins are specified for use as the general
1/0 port, the corresponding port 9 pins are output

4 P94DDR 0 w
ports when the PODDR bits are set to 1, and input

3 P93DDR 0 w ports when cleared to 0.

2 P92DDR 0 w

1 P91DDR 0 w

0 P90DDR 0 W
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7.10.2  Port 9 Data Register (P9DR)

P9DR stores output data for the port 9 pins.

Bit Bit Name Initial Value R/W Description

7 P97DR 0 R/W P9DR stores output data for the port 9 pins that are
6 P96DR 0 RIW used as the general output ports.

5 P95DR 0 R/W

4 P94DR 0 R/W

3 P93DR 0 R/W

2 P92DR 0 R/W

1 P91DR 0 R/W

0 P90DR 0 R/W

7.10.3 Port 9 Register (PORT9)

PORTO reflects the pin state in port 9 and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 P97 —* R When this register is read, the bit that is set in

6 P96 . R P9DDR is read as the value of PO9DR. The bit
that is cleared in PODDR is read as the pin

S P95 —* R state.

4 P94 —* R

3 P93 —* R

2 P92 —* R

1 P91 —* R

0 P90 —* R

Note: * Determined by the states of the P97 to P90 pins.
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7.10.4  Port Function Control Register (PFCR)
PFCR controls the 1/0 port.

Bit Bit Name Initial Value R/W Description
7t05 — All O R/W Reserved

These bits are always read as 0. The write value
should always be 0.

4 CS3E 0 R/W  CS3 Output Enable
Selects to enable or disable the CS3 output.
0: PA7 is designated as 1/O port
1: PA7 is designated as CS3 output pin

3 CS2E 0 R/W  CS2 Output Enable
Selects to enable or disable the CS2 output.
0: P91 is designated as I/O port
1: P91 is designated as CS2 output pin

2 CS1E 0 R/W  CS1 Output Enable
Selects to enable or disable the CS1 output.
0: P92 is designated as I/O port
1: P92 is designated as CS1 output pin

1 LWROE 0 R/W  LWR Output Enable
Selects to enable or disable the LWR output.
0: P90 is designated as I/O port
1: P90 is designated as LWR output pin

0 ASOE 0 R/W  AS Output Enable
Selects to enable or disable the AS output.
0: P95 is designated as I/O port
1: P95 is designated as AS output pin
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7.10.5 Pin Functions

When the corresponding bit in PTCNT?2 is set to 1, port 9 pins can be used as TPU I/O pins
(EXTIOCDO/EXTCLKB, EXTIOCB2/EXxTCLKD, EXTIOCA2, and ExXTIOCB1/ExTCLKC). The
relationship between register setting values and pin functions is as follows.

e P97/WAIT/ExTIOCDO/EXTCLKB

When the TIOCDO/TCLKBS bit in PTCNT?2 is set to 1, this pin can be used as the
ExTIOCDO/ExTCLKB pin.

According to operating modes, the TPU channel 0 settings by the WMSn1 (n =3 to 1) bit in
BCRAnR, the MD3 to MDO bits in TMDR_0, the IOD3 to IODO bits in TIORL_0, and the
CCLR2 to CCLRO bits in TCR_0, and the combination of the TPSC2 to TPSCO bits in TCR_0
to TCR_2, the TIOCDO/TCLKBS bit, and the P97DDR bit, the pin function is switched as
shown below.

o Extended Mode (EXPE = 1)

WMS11, WMS21, AllO At least one bit is set to 1
WMS31
TIOCDO/TCLKBS 0 0 1
TPU channel 0 Single-chip — Table below (2) | Table below (1)
setting operation
P97DDR — — —
Pin function WAIT input pin WAIT input pin WAIT input pin
ExTIOCDO input
pin*'
ExTCLKB input pin**

¢ Single-Chip Mode (EXPE = 0)

TIOCDO/ 0 1

TCLKBS

TPU channel 0 — Table below (2) Table below

setting (1)

P97DDR 0 1 0 1 —

Pin function P97 input pin | P97 output pin| P97 input pin | P97 output pin | EXTIOCDO
ExTIOCDO input pin*' output pin

ExXTCLKB input pin**
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TPU channel 0 (2)

(1) )

)

(1) @)

setting

MD3 to MDO B'0000 B'0010 B'0011

IOB3 to IOBO B'0000 | B'0001 to B'0011 — B'xx00 Other than B'xx00
B'0100 |B'0101 to B'0111
B'1xxx

CCLR2 to CCLRO — — — — Other than | B'110

B'110
Output function — Output compare — — PWM mode —
output 2 output

[Legend]
x: Don'’t care

Notes: 1. When TIOCDO/TCLKBS = 1, MD3 to MDO = B'0000, and I0D3 to IODO = B'10xx, this
pin functions as the TIOCDO input pin.
2. When TIOCDO/TCLKBS = 1 and TPSC2 to TPSCO in one of TCR_0 to TCR2 = B'101,
this pin functions as the TCLKB input pin. When TIOCB1/TCLKCS = 1 and phase-count
mode is set to the TCR channel 1, this pin functions as the TCLKB input pin.

o P96/}

According to the setting of the P96DDR bit, the pin function is switched as shown below.

P96DDR

0

1

Pin function

P96 input pin

¢ output pin

e P95/AS/AH

According to the operating mode and combination of the ASOE bit and the P9SDDR bit, the
pin function is switched as shown below.

o Extended Mode (EXPE = 1)

Normal Extended Mode (ADMXE = 0)

Multiplex Extended
Mode (ADMXE = 1)

ASOE 0 1 —
P95DDR 0 1 — —
Pin function P95 input pin P95 output pin | AS output pin AH output pin

¢ Single-Chip Mode (EXPE = 0)
P95DDR 0 1
Pin function P95 input pin P95 output pin
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e P94/HWR

According to the operating mode and the setting of the P94DDR bit, the pin function is
switched as shown below.

Extended Mode (EXPE = 1)

Single-Chip Mode (EXPE = 0)

P94DDR — 0 1
Pin function HWR output pin P94 input pin P94 output pin
e P93/RD

According to the operating mode and the setting of the P93DDR bit, the pin function is
switched as shown below.

Extended Mode (EXPE = 1)

Single-Chip Mode (EXPE = 0)

P93DDR

0

1

Pin function

RD output pin

P93 input pin

P93 output pin

e P92/CS1/ExTIOCB2/ExTCLKD

When the TIOCB2/TCLKDS bit in PTCNT?2 is set to 1, this pin can be used as the
ExTIOCB2/ExTCLKD?2 pin.

According to operating modes, the TPU channel 2 settings by the CS1E bit, the MD3 to MDO
bits in TMDR_2, the IOB3 to IOBO bits in TIOR_2, and the CCLR1 and CCLRO bits in
TCR_2, and the combination of the TPSC2 to TPSCO bits in TCR_0, the TIOCB2/TCLKDS
bit, and the P92DDR bit, the pin function is switched as shown below.
o Extended Mode (EXPE = 1)

TPU channel 2 setting

P92DDR

Pin function

CS1E 0 1
TIOCB2/TCLKDS Single-chip 0 1
operation

Table below (2)

Table below (1)

CS1 output pin

CS1 output pin

CS1 output pin

ExTIOCB2 input pin*'

ExTCLKD input pin**
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o Single-Chip Mode (EXPE = 0)

TIOCB2/TCLKDS 0 1
TPU channel 2 setting — Table below (2) Table below (1)
P92DDR 0 1 0 1
Pin function P92 input| P92 P92 input pin | P92 output pin| EXTIOCB2 output
pin O:tif]“t EXTIOCB2 input pin*' i
ExXTCLKD input pin**

TPU channel 2 setting

() (1)

()

() (1)

()

MD3 to MDO B'0000, B'01xx B'0010 B'0011

I0B3 to IOBO B'0000 | B'0001 to B'0011 — B'xx00 Other than B'xx00
B'0100 | B'0101 to B'0111
B'1xxx

CCLR1, CCLRO — — — — Other than B'10

B'10
Output function — Output compare — — PWM mode —
output 2 output

[Legend]
x: Don't care

Notes: 1. When TIOCB2/TCLKDS = 1, MD3 to MDO = B'0000 or B'01xx, and IOB3 = 1, this pin
functions as the TIOCB2 input pin.
2. When TIOCB2/TCLKDS = 1 and TPSC2 to TPSCO0 in TCR_0 = B'111, this pin functions
as the TCLKD input pin. When TIOCB2/TCLKDS = 1 and phase-count mode is set to
the TCR channel 2, this pin functions as the TCLKD input pin.

e PI1/CS2/EXTIOCA2

When the TIOCAZ2S bit in PTCNT?2 is set to 1, this pin can be used as the EXTIOCA?2 pin.
According to operating modes, the TPU channel 2 settings by the CS2E bit, the MD3 to MDO
bits in TMDR_2, the IOA3 to IOAO bits in TIOR_2, and the CCLR1 and CCLRO bits in
TCR_2, and the combination of the TIOCAZ2S bit and the P91DDR bit, the pin function is
switched as shown below.

RENESAS
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o Extended Mode (EXPE = 1)

TPU channel 2 setting

P91DDR

CS2E 0 1
TIOCA2S Single-chip 0 1
operation

Table below (2)

Table below (1)

Pin function CS2 output pin CS2 output pin CS2 output pin
ExTIOCAZ input pin*'
o Single-Chip Mode (EXPE = 0)
TIOCA2S 0 1
TPU channel 2 setting — Table below (2) Table below (1)
P91DDR 0 1 0 1 —
Pin function P91 input | P91 output | P91 input pin | P91 output pin ExTIOCA2
pin pin EXTIOCA2 input pin*' output pin
TPU channel 2 setting 2) (1) 2) (1) (1) (2)
MD3 to MDO B'0000, B'01xx B'001x B'0010 B'0011
IOA3 to IOAO B'0000 | B'0001 to B'0011 | B'xx00 | Other than | Other than B'xx00
B'0100 | B'0101 to B'0111 Bxx00
B'1xxx
CCLR1, CCLRO — — — — Other B'01
than B'01
Output function — Output compare — PWM mode | PWM —
output 1 output** | mode 2
output

[Legend]
x: Don't care

Notes: 1. When TIOCA2S =1, MD3 to MDO = B'0000 or B'01xx, and IOA3 = 1, this pin functions
as the TIOCAZ2 input pin.

2. Output is disabled for TIOCB2.
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e P90/LWR/EXTIOCBI1/EXxTCLKC

When the TIOCB1/TCLKCS bit in PTCNT?2 is set to 1, this pin can be used as the
ExTIOCB1/ExTCLKC pin.

According to operating modes, the TPU channel 1 settings by the LWROE bit, the MD3 to
MDO bits in TMDR_1, the IOB3 to IOBO bits in TIOR_1, and the CCLR1 and CCLRO bits in
TCR_1, and the combination of the TPSC2 to TPSCO bits in TCR_0 and TCR_2, the
TIOCB1/TCLKCS bit, and the POODDR bit, the pin function is switched as shown below.

o Extended Mode (EXPE = 1)

LWROE 0 1
TIOCB1/TCLKCS Single-chip 0 1
TPU channel 1 setting | °Peration — Table below (2) | Table below (1)
P9ODDR — — —
Pin function LWR output pin LWR output pin | LWR output pin
EXTIOCB1 input
pin*'
ExTCLKC input pin**
¢ Single-Chip Mode (EXPE = 0)
TIOCB1/ 0 1
TCLKCS
TPU channel 1 setting — Table below (2) Table below (1)
P9ODDR 0 1 0 1 —
Pin function P90 input | P90 output | P90 input pin | P90 output pin ExTIOCB1
pin pin ExTIOCBA input pin*' output pin
EXTCLKC input pin*®
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TPU channel 1 setting @) (1) @) (2) (1) (2)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO B'0000 |B'0001 to B'0011 — B'xx00 Other than B'xx00
B'0100 |B'0101 to B'0111
B'1xxx
CCLR1, CCLRO — — — — Other than B'10 B'10
Output function — Output compare — — PWM mode 2 —
output output
[Legend]
x: Don’t care

Notes: 1. When TIOCB1/TCLKCS = 1, MD3 to MDO = B'0000 or B'01xx, and IOB3 to IOB0 =
B'10xx, this pin functions as the TIOCB1 input pin.
2. When TIOCB1/TCLKCS = 1 and TPSC2 to TPSCO in TCR_0 or TCR_2 = B'111, this
pin functions as the TCLKC input pin. When TIOCB1/TCLKCS = 0 and phase-count
mode is set to the TCR channel 2, this pin functions as the TCLKC input pin.
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7.11 Port A

Port A is an 8-bit I/O port. Port A pins also function as bus control output pins, SCI_3 and SCI_4
I/0 pins, TMX_0, TMY_0, TMO0_0, and PWM output pins, and FRT_0 and timer connection I/O
pins.

Port A has the following registers. For details on the port function control register, refer to section
7.10.4, Port Function Control Register (PFCR).

e Port A data direction register (PADDR)
e Port A data register (PADR)

e Port A register (PORTA)

e Port function control register (PFCR)

7.11.1 Port A Data Direction Register (PADDR)

The individual bits in PADDR specify input or output for the pins of port A. The read value is
undefined.

Bit Bit Name Initial Value R/W Description

7 PA7DDR 0 W While a general I/O port function is selected, the

6 PAG6DDR 0 w corresponldi.ng port A pin is an.output port when a
PADDR bit is set to 1, and an input port when

5 PASDDR 0 w cleared to 0.

4 PA4DDR 0 w

3 PA3DDR 0 w

2 PA2DDR 0 w

1 PA1DDR 0 w

0 PAODDR 0 w
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7.11.2  Port A Data Register (PADR)

PADR stores output data for the port A pins.

Bit Bit Name Initial Value R/W Description

7 PA7DR 0 R/W PADR stores output data for the port A pins that
6 PAGDR 0 RIW are used as the general output ports.

5 PA5SDR 0 R/W

4 PA4DR 0 R/W

3 PA3DR 0 R/W

2 PA2DR 0 R/W

1 PA1DR 0 R/W

0 PAODR 0 R/W

7.11.3 Port A Register (PORTA)

PORTA reflects the pin state in port A and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 PA7 —* R When this register is read, the bit that is set in

6 PAG . R PADDR is read as the value of PADR. The bit that
is cleared in PADDR is read as the pin state.

5 PA5 —* R

4 PA4 — R

3 PA3 —* R

2 PA2 — R

1 PA1 — R

0 PAO — R

Note: * Determined by the states of the PA7 to PAO pins.
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7.114

Pin Functions

When the corresponding bit in PTCNT?2 is set to 1, port A pins can be used as TPU I/O pins
(EXTIOCAL1 and EXxXTIOCCO/EXxTCLKA). The relationship between register setting values and pin

functions is as follows.

e PA7/CS3/EXTIOCAL
When the TIOCA1S bit in PTCNT?2 is set to 1, this pin can be used as the EXTIOCA1 pin.
According to operating modes, the TPU channel 1 settings by the CS3E bit in PFCR, the MD3
to MDO bits in TMDR_1, the IOA3 to IOAO bits in TIOR_1, and the CCLR1 and CCLRO bits

in TCR_1, and the combination of the TIOCA1S bit and the PA7DDR bit, the pin function is
switched as shown below.

o Extended Mode (EXPE = 1)

CS3E 0 1
TIOCA1S Single-chip 0 1
TPU channel 1 setting | ©Peration — Table below (2) Table below (1)
PA7DDR — — —
Pin function CS3 output pin CS83 output pin CS3 output pin
ExTIOCA1 input pin*’
o Single-Chip Mode (EXPE = 0)
TIOCA1S 0 1
TPU channel 1 setting — Table below (2) Table below (1)
PA7DDR 0 1 0 1 —
Pin function PA7 input | PA7 output | PA7 input | PA7 output | EXTIOCA1 output
pin pin pin pin pin
ExTIOCA1 input pin*’
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TPU channel 1 setting 2) (1) @) (1) (1) (2)
MD3 to MDO B'0000, B'01xx B'001x B'0010 B'0011
IOA3 to IOA0 B'0000 | B'0001 to B'0011 | B'xx00 |Otherthan| Other than B'xx00
B'0100 | B'0101 to B'0111 Bxx00
B'1xxx
CCLR1, CCLRO — — — — Other than B'01
B'01
Output function — Output compare — PWM PWM mode —
output mode 1 2 output
output*®
[Legend]
x: Don’t care

Notes: 1. When TIOCA1S =1, MD3 to MDO = B'0000 or B'01xx, and IOA3 to IOAO = B'10xx, this
pin functions as the TIOCA1 input pin.

2. Output is disabled for TIOCB1.

e PA6/FTCI_0/HFBACKI
According to the setting of the PA6DDR bit, the pin function is switched as shown below.
When the CKS1 and CKSO bits in TCR of the FRT_0 are all set to 1, this pin functions as the

FTCI_0 input pin. When the SIMOD1 and SIMODO bits (IHI signal) in TCONRI of the timer
connection_0 are cleared to B'00, this pin functions as the HFBACKI input pin.

PAGDDR

0

1

Pin function

PAG input pin

PAG6 output pin

FTCI_O0 input pin

HFBACKI input pin

e PAS/FTIB_0/VFBACKI
According to the setting of the PASDDR bit, the pin function is switched as shown below.

When the ICIBE bit in TIER of the FRT_0 is set to 1, this pin functions as the FTIB_O input
pin. When the SIMOD1 and SIMODO bits (IVI signal) in TCONRI of the timer connection_0
are cleared to B'00, this pin functions as the VFBACKI input pin.

PA5SDDR

0

1

Pin function

PAS5 input pin

PA5 output pin

FTIB_O input pin

VFBACKI input pin
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e PA4/FTIC_O/CLAMPO

According to the combination of the CLOE bit in TCONRO of the timer connection_0 and the
PA4DDR bit, the pin function is switched as shown below.

When the ICICE bit in TIER of the FRT_0 is set to 1, this pin functions as the FTIC_0 input

pin.

CLOE 0 1
PA4DDR 0 1 —

Pin function PA4 input pin PA4 output pin CLAMPO output pin

FTIC_O input pin

e PA3/FTOB_0/CBLANK

According to the combination of the CBOE bit in TCONRO of the timer connection_0, the
OEB bit in TOCR of the FRT_0, and the PA3DDR bit, the pin function is switched as shown

below.
CBOE 0 1
OEB 1 —
PA3DDR 0 1 — —
Pin function PA3 input pin | PA3 output pin | FTOB_O output pin | CBLANK output pin
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e PA2/TMOO0_O/EXTIOCCO/EXTCLKA
When the TIOCCO/TCLKAS bit in PTCNT?2 is set to 1, this pin can be used as the
ExTIOCCO/ExTCLKA pin.
According to the TPU channel 0 settings by the OS3 to OS0 bits in TCSR of the TMRO_O, the
MD3 to MDO bits in TMDR_0, the IOC3 to IOCO bits in TIORL_0, and the CCLR2 to CCLRO
bits in TCR_O0, and the combination of the TPSC2 to TPSCO bits in TCR_0 to TCR_2, the
TIOCCO/TCLKAS bit, and the PA2DDR bit, the pin function is switched as shown below.

TIOCCO/ 0 1
TCLKAS
TPU channel — Table (2) Table (1)
0 setting
0S3to OSO AllO At least one —
bit is set to 1
PA2DDR 0 1 — 0 1 —
Pin function | PA2 input | PA2 output | TMOO_0 | PA2 input pin |PA2 output pin| ExXTIOCCO
pin pin output pin ExTIOCCO input pin*’ output pin
ExXTCLKA input pin**
TPU channel (2) (1) 2 (1) (1) @)
0 setting
MD3 to MDO B'0000 B'001x B'0010 B'0011
IOA3 to B'0000 B'0001 to B'0011 | B'xx00 | Other than Other than B'xx00
I0A0 B'0100 | B'0101 to B'O111 B%x00
B'1xxx
CCLR2 to — — — — Other than B'101
CCLRO B'101
Output — Qutput compare — PWM mode | PWM mode 2 —
function output 1 output** output
[Legend]
x: Don’t care

Notes: 1. When TIOCCO/TCLKAS = 1, MD3 to MDO = B'0000, and I0C3 to IOCO = B'10xx, this
pin functions as the TIOCCO input pin.

2. When TIOCCO/TCLKAS = 1 and TPSC2 to TPSCO in one of TCR_0 to TCR_2 = B'100,
this pin functions as the TCLKA input pin. When TIOCCO/TCLKAS = 1 and phase-count
mode is set to the TCR channel 1, this pin functions as the TCLKA input pin.

3. Output is disabled for TIOCDO0. When BFA =1 or BFB = 1 in TMDRO, output is disabled
and the setting is the same as (2).
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e PAI/TMOY_0/ExPW7/SCK4
When the PW7S bit in PTCNTO is set to 1, this pin can be used as the ExXPW7 pin.

According to the combination of the C/A bit in SMR of the SCI_4, the CKE0O and CKE1 bits in
SCR, the OS3 to OSO0 bits in TCSR of the TMRY_0, the OE7 bit in PWOER of the PWM, the
PW7S bit, and the PA1DDR bit, the pin function is switched as shown below.

CKE1 0 1
C/A 0 1 _
CKEO 0 1 _ _
0S3to OSO AllO At least — — —
one bit is
setto 1
PA1DDR 0 1 — — — —
PW7S — 0 1 — — — —
OE7 — — 0 1 — — — —
Pin function PA1 PA1 PA1 PW7 |TMOY_0| SCK4 SCK4 SCK4
input pin | output | output | output output output | output |input pin
pin pin pin pin pin pin

e PAO/TMOX_0/ExPW6/SCK3
When the PW6S bit in PTCNTO is set to 1, this pin can be used as the ExXPW6 pin.

According to the combination of the C/A bit in SMR of the SCI_3, the CKE0Q and CKE1 bits in
SCR, the OS3 to OSO0 bits in TCSR of the TMRX_0, the OE6 bit in PWOER of the PWM, the
PW6S bit, and the PAODDR bit, the pin function is switched as shown below.

CKE1 0 1
C/A 0 1 _
CKEO 0 1 — —
0S3to OSO AllO At least — — —
one bit is
setto 1
PAODDR 0 1 — — _ —
PW6S — 0 1 — — — —
OE6 — — 0 1 — — — —
Pin function PAO PAO PAO PW6 |TMOX_0| SCK3 SCK3 SCK3
input pin | output output output output output output | input pin
pin pin pin pin pin pin
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7.12 Port B

Port B is an 8-bit I/O port. Port B pins also function as TMR1_1 input pins, TMR1_0 output pins,
FRT_1 and timer connection_0 I/O pins, and timer connection_1 input pins.

Port B has the following registers.

e Port B data direction register (PBDDR)
e Port B data register (PBDR)
e Port B register (PORTB)

7.12.1 Port B Data Direction Register (PBDDR)

The individual bits in PBDDR specify input or output for the pins of port B. The read value is
undefined.

Bit Bit Name Initial Value R/W Description

7 PB7DDR 0 w While a general I/O port function is selected, the
o peooon o LR et e e v
5 PBSDDR 0 W cleared to 0.

4 PB4DDR 0 W

3 PB3DDR 0 W

2 PB2DDR 0 W

1 PB1DDR 0 W

0 PBODDR 0 W
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7.12.2  Port B Data Register (PBDR)

PBDR stores output data for the port B pins.

Bit Bit Name Initial Value R/W Description

7 PB7DR 0 R/W PBDR stores output data for the port B pins that
6 PB6DR 0 RIW are used as the general output ports.

5 PB5DR 0 R/W

4 PB4DR 0 R/W

3 PB3DR 0 R/W

2 PB2DR 0 R/W

1 PB1DR 0 R/W

0 PBODR 0 R/W

7.12.3 Port B Register (PORTB)

PORTSB reflects the pin state in port B and cannot be modified.

Bit Bit Name |Initial Value R/W Description

7 PB7 — R When this register is read, the bit that is set in

6 PB6 . R PBDDR is read as the value of PBDR. The bit that
is cleared in PBDDR is read as the pin state.

5 PB5 —* R

4 PB4 —* R

3 PB3 —* R

2 PB2 —* R

1 PB1 —* R

0 PBO —* R

Note: * Determined by the states of the PB7 to PBO pins.
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7.12.4 Pin Functions

The relationship between register setting values and pin functions is as follows.

e PB7/TMI1_0/HSYNCI_O

According to the setting of the PB7DDR bit, the pin function is switched as shown below.
When the external clock is selected by the CKS2 to CKSO bits in TCR of the TMR1_0, this pin
functions as the TMCI1_0 input pin. When the CCLR1 and CCLRO bits in TCR of the
TMR1_0 are all set to 1, this pin functions as the TMRI1_0 input pin. When the SIMODI1 bit
(THIT signal) in TCONRI of the timer connection_0 is set to 1, this pin functions as the

HSYNCI_O input pin.

PB7DDR

0

1

Pin function

PB7 input pin

PB7 output pin

TMI1_0 input pin

HSYNCI_O0 input pin

PB6/FTIA_0/VSYNCI_0
According to the setting of the PB6DDR bit, the pin function is switched as shown below.

When the ICIAE bit in TIER of the FRT_O is set to 1, this pin functions as the FTTA_0 input
pin. When the SIMOD1 and SIMODO bits (IVI signal) in TCONRI of the timer connection_0
are all set to 1, this pin functions as the VSYNCI_O input pin.

PB6DDR 0 ”

Pin function

PB6 input pin PB6 output pin

FTIA_O input pin

VSYNCI_O0 input pin
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PB5/FTID_0/CSYNCI_0
According to the setting of the PBSDDR bit, the pin function is switched as shown below.

When the ICIDE bit in TIER of the FRT_O is set to 1, this pin functions as the FTID_0 input
pin. When the SIMOD1 and SIMODO bits (IHI signal) in TCONRI of the timer connection_0
are set to 01, this pin functions as the CSYNCI_O input pin.

PB5DDR 0 1

Pin function PB5 input pin PB5 output pin

FTID_O input pin
CSYNCI_O0 input pin

PB4/TMI1_1/HSYNCI_1

According to the setting of the PB4DDR bit, the pin function is switched as shown below.
When the external clock is selected by the CKS2 to CKSO bits in TCR of the TMR1_1, this pin
functions as the TMCI1_1 input pin. When the CCLR1 and CCLRO bits in TCR of the
TMRI1_1 are all set to 1, this pin functions as the TMRI1_1 input pin. When the SIMODI1 bit
(IHI signal) in TCONRI of the timer connection_1 is set to 1, this pin functions as the
HSYNCI_I input pin.

PB4DDR 0 1

Pin function PB4 input pin PB4 output pin

TMI1_1 input pin
HSYNCI_1 input pin

PB3/FTIA_1/VSYNCI_]1
According to the setting of the PB3DDR bit, the pin function is switched as shown below.

When the ICIAE bit in TIER of the FRT_1 is set to 1, this pin functions as the FTTA_1 input
pin. When the SIMOD1 and SIMODO bits (IVI signal) in TCONRI of the timer connection_1
are all set to 1, this pin functions as the VSYNCI_1 input pin.

PB3DDR 0 ”

Pin function PB3 input pin PB3 output pin

FTIA_1 input pin
VSYNCI_1 input pin
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e PB2/FTID_1/CSYNCI_1
According to the setting of the PB2DDR bit, the pin function is switched as shown below.
When the ICIDE bit in TIER of the FRT_1 is set to 1, this pin functions as the FTID_1 input

pin. When the SIMOD1 and SIMODO bits (IHI signal) in TCONRI of the timer connection_1
are set to 01, this pin functions as the CSYNCI_1 input pin.

PB2DDR

0

1

Pin function

PB2 input pin

PB2 output pin

FTID_1 input pin

CSYNCI_1 input pin

e PBI/TMO1_0/HSYNCO

According to the combination of the HOE bit in TCONRO of the timer connection_0, the OS3
to OSO bits in TCSR of the TMR1_0, and the PB1DDR bit, the pin function is switched as

shown below.

HOE 0 1
0S3to OSO All O At least one bit is —
setto 1
PB1DDR 0 1 — —
Pin function PB1 input pin PB1 output pin  |TMO1_0 output pin| HSYNCO output
pin

e PBO/FTOA_0/VSYNCO

According to the combination of the VOE bit in TCONRO of the timer connection_0, the OEA
bit in TOCR of the FRT_0, and the PBODDR bit, the pin function is switched as shown below.

VOE 0 ”
OEA 0 1 _
PBODDR 0 1 — —

Pin function PBO input pin PBO output pin | FTOA_O output pin |VSYNCO output pin
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7.13 Port C

Port C is an 8-bit I/O port. Port C pins also function as IIC3_2 and IIC3_3 I/O pins and on-chip
emulator I/O pins. The output format for PCO to PC3 which are general I/O ports is NMOS push-
pull output. PC4 to PC7 which are general input ports are not supported by the on-chip emulator.

Port C has the following registers.

e Port C data direction register (PCDDR)
e Port C data register (PCDR)
e Port C register (PORTC)

7.13.1 Port C Data Direction Register (PCDDR)

The individual bits in PCDDR specify input or output for the pins of port C. The read value is
undefined.

Bit Bit Name Initial Value R/W Description

7t04 — All O w Reserved
These bits cannot be modified.
3 PC3DDR 0 W While a general I/O port function is selected, the
2 PC2DDR 0 W corresponding port C pin is an output port when a
PCDDR bit is set to 1, and an input port when
1 PCIDDR 0 W cleared to 0.
0 PCODDR 0 w

7.13.2  Port C Data Register (PCDR)
PCDR stores output data for the port C pins.

Bit Bit Name Initial Value R/W Description
7t04 — All O w Reserved

The initial value should not be changed.

3 PC3DR 0 R/W PCDR stores output data for the port C pins that
2 PC2DR 0 R/W are used as the general output ports.

1 PC1DR 0 R/W

0 PCODR 0 R/W
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7.13.3 Port C Register (PORTC)

PORTC reflects the pin state in port C and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 PC7 —* R These bits are always read as pin states.

6 PC6 —* R

5 PC5 —* R

4 PC4 —* R

3 PC3 —k R When this register is read, the bit that is set in

5 PC2 . R PCDDR is read as the value of PCDR. The bit
that is cleared in PCDDR is read as the pin

1 PCA — R state.

0 PCO —* R

Note: * Determined by the states of the PC7 to PCO pins.

7.13.4  Pin Functions
The relationship between register setting values and pin functions is as follows.

e PC7/ETDO

Pin function  |PC7 input pin

Note: When the on-chip emulator is used, this pin functions as the ETDO output pin. When the
on-chip emulator is not used (normal operation), a high or low level signal should be input to
this pin.

e PC6/ETDI

Pin function  |PC6 input pin

Note: When the on-chip emulator is used, this pin functions as the ETDI input pin. When no signal
is input, this pin is fixed to 1 by the internal pull-up.

e PC5/ETCK

Pin function  |PC5 input pin

Note: When the on-chip emulator is used, this pin functions as the ETCK input pin. When no
signal is input, this pin is fixed to 1 by the internal pull-up.
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e PC4/ETMS

Pin function

PC4 input pin

Note: When the on-chip emulator is used, this pin functions as the ETMS input pin. When no

signal is input, this pin is fixed to 1 by the internal pull-up.

e PC3/SDA3

The pin function is switched as shown below according to the combination of the ICE bit in
ICCRA of the IIC3_3 and the PC3DDR bit. When this pin is used as the PC3 output pin, the
output format is NMOS push-pull output. The output format for SDA3 is NMOS open-drain
output, and direct bus drive is possible.

ICE 0 1
PC3DDR 0 1 —

Pin function PC3 input pin PC3 output pin SDAS I/O pin
e PC2/SCL3

The pin function is switched as shown below according to the combination of the ICE bit in
ICCRA of the IIC3_3 and the PC2DDR bit. When this pin is used as the PC2 output pin, the
output format is NMOS push-pull output. The output format for SCL3 is NMOS open-drain
output, and direct bus drive is possible.

ICE 0 1
PC2DDR 0 1 —

Pin function PC2 input pin PC2 output pin SCL3 I/O pin
e PC1/SDA2

The pin function is switched as shown below according to the combination of the ICE bit in
ICCRA of the IIC3_2 and the PCIDDR bit. When this pin is used as the PC1 output pin, the
output format is NMOS push-pull output. The output format for SDA?2 is NMOS open-drain
output, and direct bus drive is possible.

ICE 0 1
PC1DDR 0 1 —
Pin function PC1 input pin PC1 output pin SDA2 I/O pin
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e PCO/SCL2

The pin function is switched as shown below according to the combination of the ICE bit in
ICCRA of the IIC3_2 and the PCODDR bit. When this pin is used as the PCO output pin, the

output format is NMOS push-pull output. The output format for SCL2 is NMOS open-drain
output, and direct bus drive is possible.

ICE 0 1
PCODDR 0 1 —
Pin function PCO input pin PCO output pin SCL2 I/O pin
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7.14  Change of Peripheral Function Pins

I/0 ports that also function as peripheral modules, such as the 8-bit PWM timer output, external
interrupts, and TPU I/O, and, can be changed. They are changed according to the setting of
PTCNTO to PTCNT?2. The pin name of the peripheral function is indicated by adding ‘Ex’ at the
head of the original pin name. In each peripheral function description, the original pin name is
used.

7.14.1 Port Control Register 0 (PTCNTO0)

PTCNTO selects ports that also function as 8-bit PWM timer output pins.

Bit Bit Name Initial Value R/W Description

7 PW7S 0 R/W  Selects the PW7 output pin for the 8-bit PWM timer.
0: P17/PW7 is selected
1: PA1/ExPW7 is selected

6 PW6S 0 R/W  Selects the PW6 output pin for the 8-bit PWM timer.
0: P16/PW6 is selected
1: PAO/EXPWE is selected

5 PW5S 0 R/W  Selects the PW5 output pin for the 8-bit PWM timer.
0: P15/PW5 is selected
1: P57/ExPW5 is selected

4 PW4S 0 R/W  Selects the PW4 output pin for the 8-bit PWM timer.
0: P14/PW4 is selected
1: P56/ExPW4 is selected

3 PW3S 0 R/W  Selects the PW3 output pin for the 8-bit PWM timer.
0: P13/PW3 is selected
1: P47/ExPW3 is selected

2 PW2S 0 R/W  Selects the PW2 output pin for the 8-bit PWM timer.
0: P12/PW2 is selected
1: P46/ExPW?2 is selected

1 PW1S 0 R/W  Selects the PW1 output pin for the 8-bit PWM timer.
0: P11/PW1 is selected
1: P45/ExPW1 is selected

0 PWO0S 0 R/W  Selects the PWO0 output pin for the 8-bit PWM timer.
0: P10/PWO is selected
1: P44/ExPWO is selected
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7.14.2  Port Control Register 1 (PTCNT1)

PTCNT1 selects ports that also function as IRQ7 to IRQO input pins.

Bit Bit Name Initial Value

R/W

Description

7 IRQ7S 0

R/W

Selects the IRQ7 input pin.
0: P47/IRQ7 is selected
1: PO7/ExIRQ7 is selected

6 IRQ6S 0

R/W

Selects the IRQ6 input pin.
0: P46/IRQ6 is selected
1: PO6/ExIRQS6 is selected

5 IRQ5S 0

R/W

Selects the IRQ5 input pin.
0: P45/IRQ5 is selected
1: PO5/ExIRQ5 is selected

4 IRQ4S 0

R/W

Selects the IRQ4 input pin.
0: P44/IRQ4 is selected
1: PO4/ExIRQ4 is selected

3 IRQ3S 0

R/W

Selects the IRQS input pin.
0: P43/IRQS is selected
1: P33/ExIRQ3 is selected

2 IRQ2S 0

R/W

Selects the IRQ2 input pin.
0: P42/IRQ2 is selected
1: P32/ExIRQ2 is selected

1 IRQ1S 0

R/W

Selects the IRQ1 input pin.
0: P41/IRQ1 is selected
1: P31/ExIRQ1 is selected

0 IRQOS 0

R/W

Selects the IRQO input pin.
0: P40/IRQO is selected
1: P30/ExIRQO is selected
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7.14.3  Port Control Register 2 (PTCNT?2)
PTCNT?2 selects ports that also function as TPU I/O pins.

Bit Bit Name Initial Value R/W Description
7 TIOCB2/ 0 R/W  Selects the TIOCB2/TCLKD I/O pin for the TPU.
TCLKDS 0: P27/TIOCB2/TCLKD is selected
1: P92/ExTIOCB2/ExTCLKD is selected
6 TIOCA2S O R/W  Selects the TIOCA2 /O pin for the TPU.
0: P26/TIOCA2 is selected
1: P91/ExTIOCAZ is selected

5 TIOCB1/ 0 R/W  Selects the TIOCB1/TCLKC /O pin for the TPU.
TCLKCS 0: P25/TIOCB1/TCLKC is selected
1: POO/EXTIOCB1/EXTCLKC is selected
4 TIOCA1S 0 R/W  Selects the TIOCA1 1/O pin for the TPU.

0: P24/TIOCAT1 is selected
1: PA7/EXTIOCAA1 is selected

3 TIOCDO/ 0 R/W  Selects the TIOCDO/TCLKB 1/O pin for the TPU.
TCLKBS 0: P23/TIOCDO/TCLKB is selected
1: P97/EXTIOCDO/EXTCLKB is selected
2 TIOCCO/ 0 R/W  Selects the TIOCCO/TCLKA I/O pin for the TPU.
TCLKAS

0: P22/TIOCCO/TCLKA is selected
1: PA2/EXTIOCCO/EXTCLKA is selected
1 TIOCBOS O R/W  Selects the TIOCBO 1/O pin for the TPU.
0: P21/TIOCBO is selected
1: P87/ExTIOCBO is selected
0 TIOCAOS © R/W  Selects the TIOCAO /O pin for the TPU.
0: P20/TIOCAQ is selected
1: P86/EXTIOCAQO is selected
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Section 8 8-Bit PWM Timer (PWM)

This LSI has an on-chip pulse width modulation (PWM) timer with eight outputs. Eight output
waveforms are generated from a common timebase, enabling PWM output with a high carrier
frequency to be produced using pulse division.

8.1 Features

e Operable at a maximum carrier frequency of 1.25 MHz using pulse division (at 20-MHz
operation)

e Duty cycles from 0 to 100% with 1/256 resolution (100% duty realized by port output)
e Direct or inverted PWM output, and PWM output enable/disable control

PWMOB00A_000020020300 Rev.2.00 May. 28, 2009 Page 223 of 732
RENESAS REJ09B0059-0200



Section 8 8-Bit PWM Timer (PWM)

Figure 8.1 shows a block diagram of the PWM timer.

P10/PWO <— < | Comparator 0 PWDRO Module |
| u |
P11/PW1 <— g <— | Comparator 1 PWDR1 data bus |
c | |
P12/PW2 <— 8 |«~——— | Comparator2 PWDR2 — !
P13/PW3 <— 3 |~ | Comparator3 PWDR3 |
=] ! @ |
P14/PW4 <—| 2 |« | Comparator4 PWDR4 & | Lntfr';)a'
! = ' data bus
P15/PW5 <~ E <———— | Comparator 5 PWDR5 — 2 a—
= I » I
P16/PW6 <~— E «<—— | Comparator 6 PWDR6 é !
P17/PW7 <—] [«<—— | Comparator 7 PWDR7 |
m Clock Select || PWSL I
PWDPR counter clock
PWOER PCSR
P1DDR T T
P1DR 0/16
o/8
PTCNTO ol4
/2
[Legend]
PWSL: PWM register select Internal clock
PWDR: PWM data register
PWDPR: PWM data polarity register
PWOER: PWM output enable register
PCSR: Peripheral clock select register
P1DDR: Port 1 data direction register
P1DR: Port 1 data register
PTCNTO: Port control register O

Figure 8.1 Block Diagram of PWM Timer

Rev.2.00 May. 28, 2009 Page 224 of 732
REJ09B0059-0200 RENESAS




Section 8 8-Bit PWM Timer (PWM)

8.2 Input/Output Pin

Table 8.1 shows the PWM output pin.

Table 8.1 Pin Configuration
Name Symbol /0 Function
PWM output pins 7to 0 PW7 to PWO Output PWM timer pulse output 7 to 0

8.3 Register Descriptions

The PWM has the following registers.

o PWM register select (PWSL)

e PWM data registers 7 to 0 (PWDR7 to PWDRO)
e PWM data polarity register (PWDPR)

e PWM output enable register (PWOER)

e Peripheral clock select register (PCSR)

RENESAS
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8.3.1 PWM Register Select (PWSL)
PWSL selects the input clock and the PWM data register.

Bit Bit Name Initial Value R/W Description

7 PWCKE 0 R/W  PWM Clock Enable
6 PWCKS 0 R/W  PWM Clock Select

These bits, together with bits PWCKB and PWCKA in
PCSR, select the internal clock input to TCNT of the
PWM. For details, see table 8.2.

The resolution, PWM conversion period, and carrier
frequency depend on the selected internal clock, and
can be obtained from the following equations.

Resolution (minimum pulse width) = 1/internal clock
frequency

PWM conversion period = resolution x 256
Carrier frequency = 16/PWM conversion period

With the 20-MHz system clock (¢), the resolution, PWM
conversion period, and carrier frequency are as shown

in table 8.3.
5 — 1 R Reserved

This bit is always read as 1 and cannot be modified.
4 — 0 R Reserved

This bit is always read as 0 and cannot be modified.
3 — 0 R/W  Reserved

The initial value should not be changed.

2 RS2 0 R/W  Register Select
1 RS1 0 RW' " These bits select the PWM data register.
0 RSO 0 R/W

000: PWDRO selected
001: PWDR1 selected
010: PWDR2 selected
011: PWDRS3 selected
100: PWDR4 selected
101: PWDRS5 selected
110: PWDRS6 selected
111: PWDRY7 selected
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Table 8.2  Internal Clock Selection

PWSL PCSR
PWCKE PWCKS PWCKB PWCKA  Description
0 — — — Clock input is disabled (Initial value)
1 0 — — ¢ (system clock) is selected
1 0 0 ¢/2 is selected
1 ¢/4 is selected
1 0 ¢/8 is selected
1 ¢/16 is selected

Table 8.3 Resolution, PWM Conversion Period, and Carrier Frequency when ¢ =20 MHz

Internal Clock PWM Conversion

Frequency Resolution Period Carrier Frequency
) 50 ns 12.8 pus 1250 kHz

¢/2 100 ns 25.6 us 625 kHz

/4 200 ns 51.2 us 312.5 kHz

¢/8 400 ns 102.4 us 156.3 kHz

$/16 800 ns 204.8 ps 78.13 kHz

8.3.2 PWM Data Registers 7 to 0 (PWDR?7 to PWDRO)

PWDR are 8-bit readable/writable registers. The PWM has eight PWM data registers. Each

PWDR specifies the duty cycle of the basic pulse to be output, and the number of additional pulses.
The value set in PWDR corresponds to the 0/1 ratio in the conversion period. The upper four bits
specify the duty cycle of the basic pulse as 0/16 to 15/16 with a resolution of 1/16. The lower four
bits specify how many additional pulses are to be added within the conversion period comprising
16 basic pulses. Thus, a specification of 0/256 to 255/256 is possible for the 0/1 ratio within the
conversion period. For 256/256 (100%) output, port output should be used.
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8.3.3 PWM Data Polarity Register (PWDPR)
PWDPR selects the PWM output phase.

Bit Bit Name |Initial Value R/W  Description

7 0S7 0 R/W  Output Select 7 to 0

6 0sé 0 R/W These bits select the PWM output phase. Bits OS7 to

5 0S5 0 RW  os0 correspond to outputs PW7 to PWO.

4 0S84 0 R/W

3 083 0 r/w  0: PWM direct output (PWDR value corresponds to high
2 082 0 R/w  Width of output)

1 0OS1 0 R/W  1: PWM inverted output (PWDR value corresponds to

0 OSo 0 R/W  low width of output)

8.34 PWM Output Enable Register (PWOER)
PWOER switches between PWM output and port output.

Bit Bit Name Initial Value R/W  Description

7 OFE7 0 R/W  OQutput Enable 7t0 0
6 OE6 0 RW' These bits, together with P1DDR, specify the P1n/PWn
5 OE5 0 R/W pin state. Bits OE7 to OEO correspond to outputs PW7
4 OE4 0 R/W
to PWO.
3 OE3 0 R/W .
2 OE2 0 r/w  P1nDDR OEn: Pin state
1 OE1 0 R/W  0x: Port input
0 OEO 0 RIW 10: Port output or PWM 256/256 output
11: PWM output (0 to 255/256 output)
[Legend]
n=7t0
x: Don't care

To perform PWM 256/256 output when DDR = 1 and OE = 0, the corresponding pin should be set
to port output. The corresponding pin can be set as port output when IOSE = 1 and CS256E =0 in
SYSCR in single-chip mode or in extended mode with on-chip ROM enabled. Otherwise, it
should be noted that an address bus is output to the corresponding pin.

DR data is output when the corresponding pin is used as port output. A value corresponding to
PWM 256/256 output is determined by the OS bit, so the value should be set to DR beforehand.
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8.3.5 Peripheral Clock Select Register (PCSR)

PCSR selects the PWM input clock.

Bit Bit Name Initial Value R/W  Description
7 PWCKXC 0 R/W  See section 9.3.4, Peripheral Clock Select Register
6 PWCKXB 0 R/W  (PCSR).
PWCKXA 0 R/W
4t0 — All O R/W  Reserved
2 The initial value should not be changed.
1 PWCKB 0 R/W  PWM Clock Select B, A
0 PWCKA 0 R/W

Together with bits PWCKE and PWCKS in PWSL,
these bits select the internal clock input to TCNT of the
PWM. For details, see table 8.2.
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84 Operation

The upper four bits of PWDR specify the duty cycle of the basic pulse as 0/16 to 15/16 with a
resolution of 1/16. Table 8.4 shows the duty cycles of the basic pulse.

Table 8.4  Duty Cycle of Basic Pulse

Upper 4 Bits Basic Pulse Waveform (Internal)
0123456789 ABCDETFDO

B'0000

B'0001

B'0010

B'0011

B'0100

B'0101

B'0110

B'0111

B'1000

:E[[[[[________

B'1001

B'1010

B'1011

B'1100

B'1101

B'1110

[T

B'1111
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The lower four bits in PWDR specify the position of pulses added to the 16 basic pulses. An
additional pulse adds a high period (when OS = 0) with a width equal to the resolution before the
rising edge of a basic pulse. When the upper four bits in PWDR are 0000, there is no rising edge
of the basic pulse, but the timing for adding pulses is the same. Table 8.5 shows the positions of
the additional pulses added to the basic pulses, and figure 8.2 shows an example of additional
pulse timing.

Table 8.5 Position of Pulses Added to Basic Pulses

Basic Pulse No.
Lower 4 Bits 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0000

0001 Yes
0010 Yes Yes
0011 Yes Yes Yes
0100 Yes Yes Yes Yes
0101 Yes Yes Yes Yes Yes
0110 Yes Yes Yes Yes Yes Yes
0111 Yes Yes Yes Yes Yes Yes Yes
1000 Yes Yes Yes Yes Yes Yes Yes Yes
1001 Yes Yes Yes Yes Yes Yes Yes Yes Yes
1010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1100 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1101 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1110 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1111 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

No additional pulse | |

—-] ;« Resolution width

With additional pulse | |

C

Additional pulse

Figure 8.2 Example of Additional Pulse Timing (When Upper 4 Bits in PWDR = 1000)
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Section 9 14-Bit PWM Timer (PWMX)

This LSI has an on-chip 14-bit pulse-width modulator (PWM) timer with two output channels. It
can be connected to an external low-pass filter to operate as a 14-bit D/A converter.

9.1 Features

e Division of pulse into multiple base cycles to reduce ripple
e Eight resolution settings

The resolution can be set to 2, 64, 128, 256, 1024, 4096, or 16384 system clock cycles.
e Two base cycle settings

The base cycle can be set equal to T x 64 or T x 256, where T is the resolution.

e Sixteen operating clocks (by combination of eight resolution settings and two base cycle
settings)

Figure 9.1 shows a block diagram of the PWMX (D/A) module.

Internal clock

¢ Internal data bus

0/2, /64, $/128, /256,
/1024, $/4096, ¢$/16384 ‘
Base cycle compare match A

PWX0 ~=— Fine-adjustment pulse addition A Comparator ] DADRA

PWX1 «— Base cycle compare match B

Fine-adjustment pulse additon B | | Comparator BIK——] DADRB

Control ﬂ
logic
L,
Base cycle overflow DACNT
DACR

[Legend] Module data bus

DACR: PWMX D/A control register (6 bits)
DADRA: PWMX D/A data register A (15 bits)
DADRB: PWMX D/A data register B (15 bits)
DACNT: PWMX D/A counter (14 bits)

Figure 9.1 Block Diagram of PWMX (D/A)
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9.2 Input/Output Pins
Table 9.1 lists the PWMX (D/A) input and output pins.

Table 9.1 Pin Configuration

Name Symbol /0 Function
PWMX output pin 0 PWXO0 Output  PWM output of PWMX channel A
PWMX output pin 1 PWX1 Qutput  PWM output of PWMX channel B

9.3 Register Descriptions
The PWMX (D/A) has the following registers.

o PWMX (D/A) counters H and L (DACNTH and DACNTL)
e PWMX (D/A) data register A (DADRA)

o PWMX (D/A) data register B (DADRB)

e PWMX (D/A) control register (DACR)

e Peripheral clock select register (PCSR)

Note: The same addresses are shared by DADRA and DACR, and by DADRB and DACNT.
Switching is performed by the REGS bit in DACNT or DADRB.
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9.3.1 PWMX (D/A) Counters H and L (DACNTH and DACNTL)

DACNT is a 14-bit readable/writable up-counter. The input clock is selected by the CKS bit in
DACR. DACNT functions as the timebase for both PWMX (D/A) channels. When a channel
operates with 14-bit accuracy, it uses all DACNT bits. When a channel operates with 12-bit
accuracy, it uses the lower 12 bits and ignores the upper two bits. DACNT cannot be accessed in
8-bit units. DACNT should always be accessed in 16-bit units. For details, see section 9.4, Bus
Master Interface.

e DACNTH

Bit Bit Name |Initial Value R/W  Description

7 uc7 AllO R/W  Lower Up-Counter
to to

0 UucCo

e DACNTL

Bit Bit Name |Initial Value R/W  Description

7 UC8 AllO R/W  Upper Up-Counter
to to
2 uC13
1 — 1 R/W  Reserved
This bit is always read as 1 and cannot be modified.
0 REGS 1 R/W  Register Select

DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS bit specifies
which registers can be accessed. When changing the
register to be accessed, set this bit in advance.

0: DADRA and DADRB can be accessed
1: DACR and DACNT can be accessed
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9.3.2 PWMX (D/A) Data Registers A and B (DADRA and DADRB)

DADRA corresponds to PWMX (D/A) channel A, and DADRB to PWMX (D/A) channel B.
DADR cannot be accessed in 8-bit units. DADR should always be accessed in 16-bit units. For
details, see section 9.4, Bus Master Interface.

e DADRA

Bit Bit Name Initial Value R/W Description

15 DA13 1 R/W  D/A Data 13to 0

14 DA12 1 R/W Set a digital value to be converted to an analog value.

13 DAT11 1 R/W

12  DA10 1 r/W Ineach base cycle, the DACNT value is continually

11  DA9 1 r/W  compared with the DADR value to determine the duty

10 DAS 1 R/W  cycle of the output waveform, and to decide whether to

9 DA7 1 R/W  output a fine-adjustment pulse equal in width to the
DA6 1 R/W  resolution. To enable this operation, this register must

7  DA5 1 Rr/w  be set within a range that depends on the CFS bit. If the

6 DA4 1 r/w  DADR value is outside this range, the PWM output is

5 DA3 1 rw  fixed.

4 DA2 1 R/W A channel can be operated with 12-bit accuracy by

3 DA1 1 R/W  fixing DAO and DA1 to 0. The lower two data bits are

2 DAO 1 R/W  not compared with UC12 and UC13 in DACNT.

1 CFS 1 R/W  Carrier Frequency Select

0: Base cycle = resolution (T) x 64
The range of DA13 to DAO: H'0100 to H'3FFF

1: Base cycle = resolution (T) x 256
The range of DA13 to DAO: H'0040 to H'3FFF

0 — 1 R/W  Reserved

This bit is always read as 1 and cannot be modified.
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e DADRB
Bit Bit Name Initial Value R/W  Description
15 DA13 1 R/W  D/A Data 13to 0
14 DA12 1 RW ' geta digital value to be converted to an analog value.
13 DA 1 R/W
12  DA10 1 r/w Ineach base cycle, the DACNT value is continually
11  DA9 1 R/w  compared with the DADR value to determine the duty
10 DAS8 1 R/W  cycle of the output waveform, and to decide whether to
9 DA7 1 R/W  Output a fine-adjustment pulse equal in width to the
8 DA6 1 R/W  resolution. To enable this operation, this register must
7  DA5 1 Rr/w  be set within a range that depends on the CFS bit. If the
6 DA4 1 r/w  DADR value is outside this range, the PWM output is
5 DA3 1 Rw  fixed.
4 DA2 1 R/W A channel can be operated with 12-bit accuracy by
3 DAl 1 R/W  fixing DAO and DA1 to 0. The lower two data bits are
2 DAo 1 R/W  not compared with UC12 and UC13 in DACNT.
1 CFS 1 R/W  Carrier Frequency Select

0: Base cycle = resolution (T) x 64

The range of DA13 to DAO: H'0100 to H'3FFF
1: Base cycle = resolution (T) x 256
The range of DA13 to DAO: H'0040 to H'3FFF

0 REGS 1 R/W  Register Select

DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS bit specifies
which registers can be accessed. When changing the
register to be accessed, set this bit in advance.

0: DADRA and DADRB can be accessed
1: DACR and DACNT can be accessed
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9.3.3 PWMX (D/A) Control Register (DACR)
DACR enables the PWM outputs, and selects the output phase and operating speed.

Bit Bit Name Initial Value R/W Description

7 — 0 R/(W) Reserved
The initial value should not be changed.
6 PWME 0 R/W  PWMX Enable

Starts or stops DACNT.
0: DACNT operates as a 14-bit up-counter
1: DACNT halts at H'0003

5 — 1 — Reserved

4 — 1 - These bits are always read as 1 and cannot be
modified.

3 OEB 0 R/W  Output Enable B

Enables or disables output on PWMX (D/A) channel B.
0: PWMX (D/A) channel B output (at the PWX1 output
pin) is disabled

1: PWMX (D/A) channel B output (at the PWX1 output
pin) is enabled

2 OEA 0 R/W  Output Enable A
Enables or disables output on PWMX (D/A) channel A.

0: PWMX (D/A) channel A output (at the PWXO0 output
pin) is disabled

1: PWMX (D/A) channel A output (at the PWXO0 output
pin) is enabled

1 (O] 0 R/W  OQutput Select
Selects the phase of the PWMX (D/A) output.
0: Direct PWMX (D/A) output
1: Inverted PWMX (D/A) output

0 CKS 0 R/W  Clock Select

Selects the PWMX (D/A) resolution. Eight kinds of
resolution can be selected.

0: Operates at resolution (T) = system clock cycle time
(t0)

1: Operates at resolution (T) = system clock cycle time
(t,0) x 2, x 64, x 128, x 256, x 1024, x 4096, and
x 16384.
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9.34 Peripheral Clock Select Register (PCSR)

PCSR and the CKS bit in DACR select the operating speed.

Bit Bit Name Initial Value R/W  Description

7 PWCKXC 0 R/W  PWMX Clock Select

6 PWCKXB 0 RW' " select a clock cycle with the CKS bit in DACR of the
5 PWCKXA 0 R/W " PWMX being 1. See table 9.2.

4t0 — 0 R/W  Reserved

2 The initial value should not be changed.

1 PWCKB 0 R/W  PWM Clock Select

0 PWCKA 0 R/W

Table 9.2  Clock Selection of PWMX

PWCKXC PWCKXB PWCKXA Resolution (T)
0 0 0 Operates on the system clock cycle (t,) x
0 0 1 Operates on the system clock cycle (t, ) x 64
0 1 0 Operates on the system clock cycle (t, ) x 128
0 1 1 Operates on the system clock cycle (t, ) x 256
1 0 0 Operates on the system clock cycle (t,,) x 1024
1 0 1 Operates on the system clock cycle (t, ) x 4096
1 1 0 Operates on the system clock cycle (t,) x 16384
1 1 1 Setting prohibited
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94 Bus Master Interface

DACNT, DADRA, and DADRB are 16-bit registers. The data bus linking the bus master and the
on-chip peripheral modules, however, is only 8 bits wide. When the bus master accesses these
registers, it therefore uses an 8-bit temporary register (TEMP). These registers are written to and
read from as follows.

(1) Write

When the upper byte is written to, the upper-byte write data is stored in TEMP. Next, when the
lower byte is written to, the lower-byte write data and TEMP value are combined, and the
combined 16-bit value is written to the register.

(2) Read

When the upper byte is read from, the upper-byte value is transferred to the CPU and the lower-
byte value is transferred to TEMP. Next, when the lower byte is read from, the lower-byte value in
TEMP is transferred to the CPU.

These registers should always be accessed in 16-bit units at a time with a MOV instruction, and
the upper byte should always be accessed before the lower byte. Correct data will not be
transferred if only the upper byte or only the lower byte is accessed. Also note that a bit
manipulation instruction cannot be used to access these registers.

Example 1: Write to DACNT

MOV.W RO, @DACNT ; Write RO contents to DACNT
Example 2: Read DADRA

MOV.W @DADRA, RO ; Copy contents of DADRA to RO

Table 9.3  Access Method for Reading/Writing 16-Bit Registers

Read Write
Register Word Byte Word Byte
DADRA, DADRB o) O ¢) x
DACNT o) x o) x

[Legend]
O : Indicates the allowed access. Word access includes continuous access to upper bytes
and lower bytes in that order.
x: The result is not guaranteed in that access.
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9.5 Operation

A PWM waveform like the one shown in figure 9.2 is output from the PWX pin. Data in DADR
corresponds to the total width (T,) of the low (0) pulses output in one conversion cycle (256 pulses
when CFS = 0, 64 pulses when CFS = 1). When OS = 0, this waveform is directly output. When
OS = 1, the output waveform is inverted, and data in DADR value corresponds to the total width
(T,) of the high (1) output pulses. Figures 9.3 and 9.4 show the types of output waveform.

1 conversion cycle
(T x 214 (= 16384))

1

Base cycle

(T x 64 or T x 256)

I e e e re re Ik
|

t

T: Resolution
m
T =2t,(0S=0)
n=1

(When CFS =0, m = 256
When CFS =1, m = 64)

Figure 9.2 PWMX (D/A) Operation

Table 9.4 summarizes the relationships between the CKS and CFS bit settings and the resolution,
base cycle, and conversion cycle. The PWM output remains fixed unless the contents of DADR
are at least a certain minimum value. The relationship between the OS bit and the output
waveform is shown in figures 9.3 and 9.4.
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Table 9.4  Settings and Operation (Examples when ¢ = 20 MHz)

Conver-sion Fixed DADR Bits
Resolution** Base Cycle . j Conversion
Conversion Bit Data
T Cycle (us) TL/TH - Cycle*
Accuracy
CKS (s) CFS  (us) (0S=0/0S =1) . 2 ¥ 3 2w
(Bits) o o o
0 0.05 0 3.2 819.2 Always low/high output 14 819.2
DA13 to DAO = H'0000 to H'O0FF
12 0 0 204.8
(Data value) x T
DA13 to DAO = H0100 to H'3FFF 10 0 0 0 0 512
1 128 819.2 Always low/high output 14 819.2
DA13 to DAO = H'0000 to H'003F
12 0 0 204.8
(Data value) x T
DA13 to DAO = H'0040 to H'3FFF 10 0 0 0 0 512
1 0.1 0 6.4 1638.4 Always low/high output 14 1638.4
DA13 to DAO = H'0000 to H'O0FF
12 0 0 409.6
(Data value) x T
DA13 to DAO = H'0100 to H'3FFF 10 0 0 0 0 1024
1 25.6 1638.4 Always low/high output 14 1638.4
DA13 to DAO = H'0000 to H'003F
12 0 O 409.6
(Data value) x T
DA13 to DAO = H'0040 to H'3FFF 10 0 0 0 0 1024

Notes: 1. Indicates the conversion cycle when specific bits in DADR are fixed.
2. Indicates the resolution when PWCKXC = PWCKXB = PWCKXA = 0.
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1 conversion cycle

tyy \ tp ) ol tps5 \ tip56
| |

i

|l 1 T
fy o fi3 tioss t2s6

ty =t =t = -+ = tpss = tose = Tx 64
fgt+ ottt + st fose=Tp

a. CFS = 0 [base cycle = resolution (T) x 64]

1 conversion cycle

tiea

ty ) tip ) ol te3
! | R

£

) 1 )
fa fo t3 fie3 tieq

=t =ty = - = gz = tgg = Tx 256
tg+ tipttigt - +tgattg =T

b. CFS = 1 [base cycle = resolution (T) x 256]

Figure 9.3 Output Waveform (OS = 0, DADR Corresponds to T,)
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1 conversion cycle

t ) trp ) ol tp55 ) tizs6
| | K |
T 1 T 1 T 1 T 1 T
tyy th2 ths thoss tHose
ty =t =ty = - = s = toge = Tx 64
thy * b + tyz + o+ thoss * tose = Th
a. CFS = 0 [base cycle = resolution (T) x 64]
1 conversion cycle
tyy ) tip ) ol te3 ) tea
| | LR |
T 1 T 1 T 1 T 1 T
tha ) ths tHes thea

tiy =1 =tz = - = tig3 = tigg = Tx 256
i+t +tyg e+ teg + e = Ty

b. CFS =1 [base cycle = resolution (T) x 256]

Figure 9.4 Output Waveform (OS =1, DADR Corresponds to T,)

An example of the additional pulses when CFS =1 (base cycle = resolution (T) x 256) and OS = 1
(inverted PWM output) is described below. When CFS = 1, the upper eight bits (DA13 to DA6) in
DADR determine the duty cycle of the base pulse while the subsequent six bits (DAS to DAO)
determine the locations of the additional pulses as shown in figure 9.5.

Table 9.5 lists the locations of the additional pulses.

DA13 | DA12 | DAl1l | DA10|DA9 |DA8 | DA7 | DAG6 | DAS | DA4 | DA3 | DA2 | DAl | DAO | CFS| —|

Duty cycle of base pulse =~—— \— Location of additional pulses 1 1

Figure 9.5 D/A Data Register Configuration when CFS =1
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Section 9 14-Bit PWM Timer (PWMX)

In this example, DADR = H'0207 (B'0000 0010 0000 0111). The output waveform is shown in
figure 9.6. Since CFS = 1 and the value of the upper eight bits is B'0000 0010, the high width of
the base pulse duty cycle is 2/256 x (T).

Since the value of the subsequent six bits is B'0000 01, an additional pulse is output only at the
location of base pulse No. 63 according to table 9.5. Thus, an additional pulse of 1/256 x (T) is to
be added to the base pulse.

1 conversion cycle
Base cycle | Basecycle , Base cycle
No. 0 i_l No. 1 i_l /I:l_l No. 63
Base pulse r/

Additional pulse output location

High width: 2/256  (T)

, Additional pulse

Base pulse ) 1/256 x (T)
2/256 x (T) [+

Figure 9.6 Output Waveform when DADR = H'0207 (OS =1)

However, when CFS = 0 (base cycle = resolution (T) x 64), the duty cycle of the base pulse is
determined by the upper six bits and the locations of the additional pulses by the subsequent eight
bits with a method similar to as above.
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Table 9.5
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Section 10 16-Bit Free-Running Timer (FRT)

Section 10 16-Bit Free-Running Timer (FRT)

This LSI has an on-chip 16-bit free-running timer (FRT) with two channels. The FRT operates on
the basis of the 16-bit free-running counter (FRC), and outputs two independent waveforms, and
measures the input pulse width and external clock periods.

10.1 Features

e Selection of four clock sources

One of the three internal clocks (¢/2, ¢/8, or ¢/32), or an external clock input can be selected
(enabling use as an external event counter).

e Two independent comparators
Two independent waveforms can be output.

¢ Four independent input captures
The rising or falling edge can be selected.
Buffer modes can be specified.

o Counter clearing
The free-running counters can be cleared on compare-match A.

o Fourteen independent interrupts
Two compare-match interrupts, four input capture interrupts, and one overflow interrupt can be
requested independently for each channel.

e Special functions provided by automatic addition function
The contents of OCRAR and OCRAF can be added to the contents of OCRA automatically,
enabling a periodic waveform to be generated without software intervention. The contents of
ICRD can be added automatically to the contents of OCRDM x 2, enabling input capture
operations in this interval to be restricted.

Figure 10.1 shows a block diagram of the FRT.
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External clock Internal clock o
ol OCRARJ/F (H/L)
0/8
FTCI —| [— /32
Clock selector Clock OCRA (H/L)
Compare-match A Comparator A ”
FTOA =— 2 g Internal data bus
Overflow 8 8
FToB FRC (HIL) Sk=ls k=
Clear <Q £
g 2
FTIA —— - g @
Control logic Gompare-match B Comparator B =
FTIB —— .
FTic OCRB (HLL) K—
FTID ——
Input capture ICRA (HIL) |
ICRB (HIL) [ —
ICRC (HL) [
ICRD (HLL) [
N
L. ICIA
ICIB
——ICIC
—— ICID ¢ Interrupt signal
——— OCIA
———ocB
FOVI
[Legend]
OCRA, OCRB: Output compare registers A, B (16-bit)
OCRAR, OCRAF: Output compare registers AR, AF (16-bit)
OCRDM: Output compare register DM (16-bit)
FRC: Free-running counter (16-bit)
ICRA to ICRD: Input capture registers A to D (16-bit)
TCSR: Timer control/status register (8-bit)
TIER: Timer interrupt enable register (8-bit)
TCR: Timer control register (8-bit)
TOCR: Timer output compare control register (8-bit)

Figure 10.1 Block Diagram of 16-Bit Free-Running Timer
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Section 10 16-Bit Free-Running Timer (FRT)

10.2  Input/Output Pins
Table 10.1 lists the FRT input and output pins.

Table 10.1 Pin Configuration

Channel Name Symbol /10 Function

0 Counter clock input pin FTCI_O Input FRC counter clock input
Output compare A output pin  FTOA_O Output Output compare A output
Output compare B output pin FTOB_0 Output Output compare B output
Input capture A input pin FTIA_O Input Input capture A input
Input capture B input pin FTIB_O Input Input capture B input
Input capture C input pin FTIC_O Input Input capture C input
Input capture D input pin FTID_O Input Input capture D input

1 Counter clock input pin FTCI_1 Input FRC counter clock input
Output compare A output pin  FTOA_1 Output Output compare A output
Output compare B output pin  FTOB_1 Output Output compare B output
Input capture A input pin FTIA_1 Input Input capture A input
Input capture B input pin FTIB_1 Input Input capture B input
Input capture C input pin FTIC_1 Input Input capture C input
Input capture D input pin FTID_1 Input Input capture D input

Note: Channels 0 and 1 are omitted in this manual.

10.3  Register Descriptions
The FRT has the following registers for each channel.

e Free-running counter (FRC)

e QOutput compare register A (OCRA)

e Output compare register B (OCRB)

o Input capture register A (ICRA)

e Input capture register B (ICRB)

o Input capture register C (ICRC)

e Input capture register D (ICRD)

e Output compare register AR (OCRAR)
e Output compare register AF (OCRAF)
e Output compare register DM (OCRDM)
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o Timer interrupt enable register (TIER)
e Timer control/status register (TCSR)
e Timer control register (TCR)

e Timer output compare control register (TOCR)

Note: OCRA_0 (OCRA_1) and OCRB_0 (OCRB_1) share the same address. Register selection
is controlled by the OCRS bit in TOCR_0 (TOCR_1). ICRA_0 (ICRA_1), ICRB_0
(ICRB_1), and ICRC_0 (ICRC_1) share the same addresses with OCRAR_0 (OCRAR_1),
OCRAF_0 (OCRAF_1), and OCRDM_0 (OCRDM_1). Register selection is controlled by
the ICRS bit in TOCR_0 (TOCR_1).

10.3.1 Free-Running Counter (FRC)

FRC is a 16-bit readable/writable up-counter. The clock source is selected by bits CKS1 and
CKSO0 in TCR. FRC can be cleared by compare-match A. When FRC overflows from H'FFFF to
H'0000, the OVF flag in TCSR is set to 1. FRC should always be accessed in 16-bit units; cannot
be accessed in 8-bit units. FRC is initialized to H'0000.

10.3.2  Output Compare Registers A and B (OCRA and OCRB)

The FRT has two output compare registers, OCRA and OCRB, each of which is a 16-bit
readable/writable register whose contents are continually compared with the value in FRC. When
a match is detected (compare-match), the OCFA or OCFB flag in TCSR is set to 1. If the OEA or
OEB bit in TOCR is set to 1, when the OCR and FRC values match, the output level selected by
the OLVLA or OLVLB bit in TOCR is output at the output compare output pin (FTOA or FTOB).
Following a reset, the FTOA and FTOB output levels are 0 until the first compare-match. OCR
should always be accessed in 16-bit units; cannot be accessed in 8-bit units. OCR is initialized to
H'FFFF.

10.3.3 Input Capture Registers A to D (ICRA to ICRD)

The FRT has four input capture registers, ICRA to ICRD, each of which is a 16-bit read-only
register. When the rising or falling edge of the signal at an input capture input pin (FTIA to FTID)
is detected, the current FRC value is transferred to ICRA to ICRD. At the same time, the ICFA to
ICFD flags in TCSR are set to 1. The FRC contents are transferred to ICR regardless of the value
of ICF. The input capture edge is selected by the IEDGA to IEDGD bits in TCR.

ICRC and ICRD can be used as ICRA and ICRB buffer registers, respectively, by means of the
BUFEA and BUFEB bits in TCR.
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For example, if an input capture occurs when ICRA is specified as the input capture register and
ICRC is specified as the ICRA buffer register, the FRC contents are transferred to ICRA, and then
transferred to the buffer register ICRC. In this case, setting the IEDGA and IEDGC bits in TCR to
the different values enables the rising- or falling-edge sensing to be specified.

To ensure input capture, the input capture pulse width should be at least 1.5 system clocks (¢) for
a single edge. When triggering is enabled on both edges, the input capture pulse width should be at
least 2.5 system clocks (¢).

ICRA to ICRD should always be accessed in 16-bit units; cannot be accessed in 8-bit units. ICR is
initialized to H'0000.

10.3.4  Output Compare Registers AR and AF (OCRAR and OCRAF)

OCRAR and OCRAF are 16-bit readable/writable registers. When the OCRAMS bit in TOCR is
set to 1, the operation of OCRA is changed to include the use of OCRAR and OCRAF. The
contents of OCRAR and OCRAF are automatically added alternately to OCRA, and the result is
written to OCRA. The write operation is performed on the occurrence of compare-match A.

In the first compare-match A after setting the OCRAMS bit to 1, OCRAF is added. The operation
due to compare-match A varies according to whether the compare-match follows addition of
OCRAR or OCRAF. The value of the OLVLA bit in TOCR is ignored, and 1 is output on a
compare-match A following addition of OCRAF, while 0 is output on a compare-match A
following addition of OCRAR.

When using the OCRA automatic addition function, do not select internal clock ¢/2 as the FRC
input clock together with a set value of H'0001 or less for OCRAR (or OCRAF).

OCRAR and OCRAF should always be accessed in 16-bit units; cannot be accessed in 8-bit units.
OCRAR and OCRAF are initialized to H'FFFF.

10.3.5 Output Compare Register DM (OCRDM)

OCRDM is a 16-bit readable/writable register in which the upper eight bits are fixed to H'00.
When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000,
the operation of ICRD is changed to include the use of OCRDM. The point at which input capture
D occurs is taken as the start of a mask interval. Next, twice the contents of OCRDM is added to
the contents of ICRD, and the result is compared with the FRC value. The point at which the
values match is taken as the end of the mask interval. New input capture D events are disabled
during the mask interval. A mask interval is not generated when the contents of OCRDM are
H'0000 while the ICRDMS bit is set to 1.
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OCRDM should always be accessed in 16-bit units; cannot be accessed in 8-bit units. OCRDM is

initialized to H'0000.

10.3.6 Timer Interrupt Enable Register (TIER)

TIER enables and disables interrupt requests.

Bit Bit Name

Initial Value R/W

Description

7 ICIAE

0

R/W

Input Capture Interrupt A Enable

Selects whether to enable an interrupt request (ICIA) by
the ICFA flag when the ICFA flag in TCSR is set to 1.

0: ICIA requested by ICFA is disabled
1: ICIA requested by ICFA is enabled

6 ICIBE

R/W

Input Capture Interrupt B Enable

Selects whether to enable an interrupt request (ICIB) by
the ICFB flag when the ICFB flag in TCSR is set to 1.

0: ICIB requested by ICFB is disabled
1: ICIB requested by ICFB is enabled

5 ICICE

R/W

Input Capture Interrupt C Enable

Selects whether to enable an interrupt request (ICIC) by
the ICFC flag when the ICFC flag in TCSR is set to 1.

0: ICIC requested by ICFC is disabled
1: ICIC requested by ICFC is enabled

4 ICIDE

R/W

Input Capture Interrupt D Enable

Selects whether to enable an interrupt request (ICID) by
the ICFD flag when the ICFD flag in TCSR is set to 1.

0: ICID requested by ICFD is disabled
1: ICID requested by ICFD is enabled

3 OCIAE

R/W

Output Compare Interrupt A Enable

Selects whether to enable an interrupt request (OCIA)
by the OCFA flag when the OCFA flag in TCSR is set to
1.

0: OCIA requested by OCFA is disabled
1: OCIA requested by OCFA is enabled
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Bit Bit Name Initial Value R/W  Description
2 OCIBE 0 R/W  Output Compare Interrupt B Enable

Selects whether to enable an interrupt request (OCIB)
by the OCFB flag when the OCFB flag in TCSR is set to
1.

0: OCIB requested by OCFB is disabled
1: OCIB requested by OCFB is enabled
1 OVIE 0 R/W  Timer Overflow Interrupt Enable

Selects whether to enable an interrupt request (FOVI)
by the OVF flag when the OVF flag in TCSR is set to 1.

0: FOVI requested by OVF is disabled
1: FOVI requested by OVF is enabled
0o — 0 R Reserved
This bit is always read as 1 and cannot be modified.

10.3.7 Timer Control/Status Register (TCSR)
TCSR selects whether the counter operates or not and controls interrupt request signals.

Bit Bit Name Initial Value R/W  Description
7 ICFA 0 R/(W)* Input Capture Flag A

This status flag indicates that the FRC value has been
transferred to ICRA by means of an input capture
signal. When BUFEA = 1, ICFA indicates that the new
FRC value has been transferred to ICRA by an input
capture signal and the old ICRA value has been moved
into ICRC.

[Setting condition]

When an input capture signal causes the FRC value to
be transferred to ICRA

[Clearing condition]
Read ICFA when ICFA = 1, then write 0 to ICFA
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Bit Bit Name |Initial Value R/W  Description

6 ICFB 0 R/(W)* Input Capture Flag B
This status flag indicates that the FRC value has been
transferred to ICRB by means of an input capture
signal. When BUFEB = 1, ICFB indicates that the new
FRC value has been transferred to ICRB by an input
capture signal and the old ICRB value has been moved
into ICRD.
[Setting condition]
When an input capture signal causes the FRC value to
be transferred to ICRB
[Clearing condition]
Read ICFB when ICFB = 1, then write 0 to ICFB

5 ICFC 0 R/(W)* Input Capture Flag C
This status flag indicates that the FRC value has been
transferred to ICRC by means of an input capture
signal. When BUFEA = 1, on occurrence of an input
capture signal specified by the IEDGC bit at the FTIC
input pin, ICFC is set but data is not transferred to
ICRC. In buffer operation, ICFC can be used as an
external interrupt signal by setting the ICICE bit to 1.
[Setting condition]
When an input capture signal occurs
[Clearing condition]
Read ICFC when ICFC = 1, then write 0 to ICFC

4 ICFD 0 R/(W)* Input Capture Flag D

This status flag indicates that the FRC value has been
transferred to ICRD by means of an input capture
signal. When BUFEB = 1, on occurrence of an input
capture signal specified by the IEDGD bit at the FTID
input pin, ICFD is set but data is not transferred to
ICRD. In buffer operation, ICFD can be used as an
external interrupt signal by setting the ICIDE bit to 1.

[Setting condition]

When an input capture signal occurs

[Clearing condition]

Read ICFD when ICFD = 1, then write 0 to ICFD
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Bit Bit Name

Initial Value

R/W

Description

3 OCFA

0

R/(W)*

Output Compare Flag A

This status flag indicates that the FRC value matches
the OCRA value.

[Setting condition]

When FRC = OCRA

[Clearing condition]

Read OCFA when OCFA = 1, then write 0 to OCFA

2 OCFB

R/(W)*

Output Compare Flag B

This status flag indicates that the FRC value matches
the OCRB value.

[Setting condition]

When FRC = OCRB

[Clearing condition]

Read OCFB when OCFB = 1, then write 0 to OCFB

1 OVF

R/(W)*

Overflow Flag

This status flag indicates that the FRC has overflowed.
[Setting condition]

When FRC overflows (changes from H'FFFF to H'0000)
[Clearing condition]

Read OVF when OVF = 1, then write 0 to OVF

0 CCLRA

R/W

Counter Clear A

Selects whether FRC is to be cleared at compare-
match A (when the FRC and OCRA values match).

0: FRC clearing is disabled
1: FRC is cleared at compare-match A

Note: * Only 0 can be written to clear the flag.
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10.3.8  Timer Control Register (TCR)

TCR selects the rising or falling edge of the input capture signals, specifies the buffer operation,
and selects the FRC clock source.

Bit Bit Name Initial Value R/W Description

7 IEDGA 0 R/W  Input Edge Select A

Selects the rising or falling edge of the input capture A
signal (FTIA).

0: Capture on the falling edge of FTIA
1: Capture on the rising edge of FTIA

6 IEDGB 0 R/W  Input Edge Select B

Selects the rising or falling edge of the input capture B
signal (FTIB).

0: Capture on the falling edge of FTIB
1: Capture on the rising edge of FTIB

5 IEDGC 0 R/W  Input Edge Select C

Selects the rising or falling edge of the input capture C
signal (FTIC).

0: Capture on the falling edge of FTIC
1: Capture on the rising edge of FTIC

4 IEDGD 0 R/W  Input Edge Select D

Selects the rising or falling edge of the input capture D
signal (FTID).

0: Capture on the falling edge of FTID
1: Capture on the rising edge of FTID

3 BUFEA 0 R/W  Buffer Enable A

Selects whether ICRC is to be used as a buffer register
for ICRA.

0: ICRC is not used as a buffer register for ICRA
1: ICRC is used as a buffer register for ICRA

2 BUFEB 0 R/W  Buffer Enable B

Selects whether ICRD is to be used as a buffer register
for ICRB.

0: ICRD is not used as a buffer register for ICRB
1: ICRD is used as a buffer register for ICRB
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Bit Bit Name Initial Value R/W  Description

1 CKSH1 0 R/W  Clock Select 1, 0

0 CKSO0 0 R/W  Select clock source for FRC.
00: Count on internal clock ¢/2

01: Count on internal clock ¢/8
10: Count on internal clock ¢/32

11: Count on rising edge of external clock input signal
(FTCI)

10.3.9 Timer Output Compare Control Register (TOCR)

TOCR enables output from the output compare pins, selects the output levels, switches access
between output compare registers A and B, controls the ICRD and OCRA operating modes, and
switches access to input capture registers A, B, and C.

Bit Bit Name Initial Value R/W Description
7 ICRDMS 0 R/W  Input Capture D Mode Select

Specifies whether ICRD is used in normal operating
mode or in operating mode using OCRDM.

0: Normal operating mode is specified for ICRD
1: Operating mode using OCRDM is specified for ICRD
6 OCRAMS O R/W  OQutput Compare A Mode Select

Specifies whether OCRA is used in normal operating
mode or in operating mode using OCRAR and OCRAF.

0: Normal operating mode is specified for OCRA
1: Operating mode using OCRAR and OCRAF is
specified for OCRA
5 ICRS 0 R/W  Input Capture Register Select

The same addresses are shared by ICRA and OCRAR,
by ICRB and OCRAF, and by ICRC and OCRDM. The
ICRS bit determines which registers are selected when
the shared addresses are read from or written to. The
operation of ICRA, ICRB, and ICRC is not affected.

0: ICRA, ICRB, and ICRC are selected
1: OCRAR, OCRAF, and OCRDM are selected
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Bit Bit Name Initial Value R/W  Description

4  OCRS 0 R/W  Output Compare Register Select
OCRA and OCRB share the same address. When this
address is accessed, the OCRS bit selects which
register is accessed. The operation of OCRA or OCRB
is not affected.
0: OCRA is selected
1: OCRB is selected

3 OEA 0 R/W  Output Enable A
Enables or disables output of the output compare A
output pin (FTOA).
0: Output compare A output is disabled
1: Output compare A output is enabled

2 OEB 0 R/W  Output Enable B
Enables or disables output of the output compare B
output pin (FTOB).
0: Output compare B output is disabled
1: Output compare B output is enabled

1 OLVLA 0 R/W  Output Level A
Selects the level to be output at the output compare A
output pin (FTOA) in response to compare-match A
(signal indicating a match between the FRC and OCRA
values). When the OCRAMS bit is 1, this bit is ignored.
0: 0 is output at compare-match A
1: 1 is output at compare-match A

0 OLVLB 0 R/W  Output Level B

Selects the level to be output at the output compare B
output pin (FTOB) in response to compare-match B
(signal indicating a match between the FRC and OCRB
values).

0: 0 is output at compare-match B
1: 1 is output at compare-match B
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10.4  Operation

10.4.1  Pulse Output

Figure 10.2 shows an example of 50%-duty pulses output with an arbitrary phase difference.
When a compare match occurs while the CCLRA bit in TCSR is set to 1, the OLVLA and

OLVLB bits are inverted by software.

FRC

———— Counter clear ————————~

FTOB

Figure 10.2 Example of Pulse Output
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10.5  Operation Timing

10.5.1 FRC Increment Timing

Figure 10.3 shows the FRC increment timing with an internal clock source. Figure 10.4 shows the
increment timing with an external clock source. The pulse width of the external clock signal must
be at least 1.5 system clocks (¢). The counter will not increment correctly if the pulse width is
shorter than 1.5 system clocks (¢).

é
|
é

Internal clock —l\ N | i |\

FRC input
clock

L L
)T )T

FRC N1 X N X nN+1

b oY

Figure 10.3 Increment Timing with Internal Clock Source

’ e Y Y Y
matpn | L

FRC input
clock

FRC N X N+1

) T

Figure 10.4 Increment Timing with External Clock Source
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10.5.2  Output Compare Output Timing

A compare-match signal occurs at the last state when the FRC and OCR values match (at the
timing when the FRC updates the counter value). When a compare-match signal occurs, the level
selected by the OLVL bit in TOCR is output at the output compare output pin (FTOA or FTOB).
Figure 10.5 shows the timing of this operation for compare-match A.

FRC N X N+l ; . N X N+l
OCRA N N
Compare-match 4,_| I_l
A signal

l Clear*

OLVLA \& ” |
Output compare A 4 4 K\\

output pin FTOA |

Note : * Indicates instruction execution by software.

Figure 10.5 Timing of Output Compare A Output

10.5.3 FRC Clear Timing

FRC can be cleared when compare-match A occurs. Figure 10.6 shows the timing of this operation.

0 S [ I B S O B B B B B
Compare-match I_l
A signal 1

FRC N X H'0000

Figure 10.6 Clearing of FRC by Compare-Match A Signal
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10.5.4  Input Capture Input Timing

The rising or falling edge can be selected for the input capture input timing by the IEDGA to
IEDGD bits in TCR. Figure 10.7 shows the usual input capture timing when the rising edge is
selected.

Input capture | |
input pin \
Input capture signal | |

Figure 10.7 Timing of Input Capture Input Signal (Usual Case)

If the corresponding input capture signal is input when ICRA to ICRD are read, the input capture
signal is delayed by one system clock (¢). Figure 10.8 shows the timing for this case.

Read cycle of ICRA to ICRD

Input capture | |
input pin
Input capture signal . |

Figure 10.8 Timing of Input Capture Input Signal (When ICRA to ICRD are Read)
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10.5.5 Buffered Input Capture Input Timing

ICRC and ICRD can operate as buffers for ICRA and ICRB, respectively. Figure 10.9 shows how
input capture operates when ICRC is used as ICRA's buffer register (BUFEA = 1) and IEDGA and
IEDGC are set to different values (IEDGA = 1 and IEDGC = 0, or IEDGA = 0 and IEDGC = 1),
so that input capture is performed on both the rising and falling edges of FTIA.

FTIA

Input capture
signal

FRC

ICRA

ICRC

<
>
]
]
'/—’><'/—’
2

n X ’ neE

Figure 10.9 Buffered Input Capture Timing

Even when ICRC or ICRD is used as a buffer register, its input capture flag is set according to the
selected edge of its input capture signal. For example, if ICRC is used as the ICRA buffer register,
when the edge transition selected by the IEDGC bit occurs on the FTIC input capture line, the
ICFC flag will be set, and if the ICICE bit is set at this time, an interrupt will be requested. The
FRC value will not be transferred to ICRC, however. In buffered input capture, if either set of two
registers to which data will be transferred (ICRA and ICRC, or ICRB and ICRD) is being read
when the input capture input signal occurs, input capture is delayed by one system clock (¢).
Figure 10.10 shows the timing when BUFEA = 1.
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CPU read cycle of ICRA or ICRC

FTIA

Input capture
signal

Figure 10.10 Buffered Input Capture Timing (BUFEA =1)

10.5.6  Timing of Input Capture Flag Setting

The input capture flag, ICFA, ICFB, ICFC, or ICFD, is set to 1 by the input capture signal. The
FRC value is simultaneously transferred to the corresponding input capture register (ICRA, ICRB,
ICRC, or ICRD). Figure 10.11 shows the timing of setting the ICFA to ICFD flags.

¢ S s I I o B A
Input capture I_l
signal

ICFA to ICFD |

-
X~ «

FRC

ICRA to ICRD

Figure 10.11 Timing of Input Capture Flags (ICFA to ICFD) Setting
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10.5.7 Timing of Output Compare Flag Setting

The output compare flag, OCFA or OCFB, is set to 1 by a compare-match signal generated when
the FRC value matches the OCRA or OCRB value. This compare-match signal is generated at the
last state in which the two values match, just before FRC increments to a new value. When the
FRC and OCRA or OCRB values match, the compare-match signal is not generated until the next
cycle of the clock source. Figure 10.12 shows the timing of setting the OCFA or OCFB flag.

; L

FRC N X N+1

OCRA, OCRB N

Compare-match | |
signal \

Figure 10.12 Timing of Output Compare Flag (OCFA or OCFB) Setting

OCFA, OCFB
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10.5.8 Timing of Overflow Flag Setting

The OVF flag is set to 1 when FRC overflows (changes from H'FFFF to H'0000). Figure 10.13
shows the timing of setting the OVF flag.

: 4o b B L

FRC HFFFF X H'0000

Overflow signal |

OVF

Figure 10.13 Timing of OVF Flag Setting

10.5.9 Automatic Addition Timing

‘When the OCRAMS bit in TOCR is set to 1, the contents of OCRAR and OCRAF are
automatically added to OCRA alternately, and when an OCRA compare-match occurs, a write to
OCRA is performed. Figure 10.14 shows the OCRA write timing.

FRC N X N +1
OCRA N X N+A
OCRAR, OCRAF A

Compare-match
signal | |

Figure 10.14 OCRA Automatic Addition Timing
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10.5.10 Mask Signal Generation Timing

When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000, a
signal that masks the ICRD input capture signal is generated. The mask signal is set by the input
capture signal. The mask signal is cleared by the sum of the ICRD contents and twice the
OCRDM contents, and an FRC compare-match. Figure 10.15 shows the timing of setting the mask
signal. Figure 10.16 shows the timing of clearing the mask signal.

¢ o N I R O e A e s A
Input capture
signal | |

Input capture
mask signal

Figure 10.15 Timing of Input Capture Mask Signal Setting

FRC N X N+1

ICRD + OCRDM x 2 N

Compare-match
signal | |

Input capture
mask signal

Figure 10.16 Timing of Input Capture Mask Signal Clearing
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10.6 Interrupt Sources

The FRT can request seven interrupts: ICIA to ICID, OCIA, OCIB, and FOVI. Each interrupt can
be enabled or disabled by an interrupt enable bit in TIER. Independent signals are sent to the
interrupt controller for each interrupt. Table 10.2 lists the sources and priorities of these interrupts.

Table 10.2 FRT Interrupt Sources

Channel Interrupt Interrupt Source Interrupt Flag Priority
0 ICIA_O Input capture of ICRA ICFA High
ICIB_O Input capture of ICRB ICFB A
ICIC_O Input capture of ICRC ICFC
ICID_0 Input capture of ICRD ICFD
OCIA_O Compare match of OCRA OCFA
OCIB_0 Compare match of OCRB OCFB
FOV_0 Overflow of FRC OVF
1 ICIA_1 Input capture of ICRA ICFA
ICIB_1 Input capture of ICRB ICFB
ICIC_1 Input capture of ICRC ICFC
ICID_1 Input capture of ICRD ICFD
OCIA_1 Compare match of OCRA OCFA
OCIB_1 Compare match of OCRB OCFB
FOV_1 Overflow of FRC OVF Low
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10.7  Usage Notes

10.7.1  Conflict between FRC Write and Clear

If an internal counter clear signal is generated during the state after an FRC write cycle, the clear
signal takes priority and the write is not performed. Figure 10.17 shows the timing for this type of
conflict.

Write cycle of FRC
T1 T2

1
|
Address x FRC address X

Internal write
signal

Counter clear
signal

FRC N X H'0000

Figure 10.17 FRC Write-Clear Conflict
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10.7.2  Conflict between FRC Write and Increment

If an FRC increment pulse is generated during the state after an FRC write cycle, the write takes
priority and FRC is not incremented. Figure 10.18 shows the timing for this type of conflict.

Write cycle of FRC
T T2

1
|
Address x FRC address X

Internal write
signal

FRC input
clock

FRC N X M
A

Write data

Figure 10.18 FRC Write-Increment Conflict
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10.7.3  Conlflict between OCR Write and Compare-Match

If a compare-match occurs during the state after an OCRA or OCRB write cycle, the write takes
priority and the compare-match signal is disabled. Figure 10.19 shows the timing for this type of
conflict.

If automatic addition of OCRAR and OCRAF to OCRA is selected, and a compare-match occurs
in the cycle following the OCRA, OCRAR, and OCRAF write cycle, the OCRA, OCRAR, and
OCRAF write takes priority and the compare-match signal is disabled. Consequently, the result of
the automatic addition is not written to OCRA. Figure 10.20 shows the timing for this type of
conflict.

Write cycle of OCR
T1 T2

1
|
Address x OCR address X

Internal write

signal
FRC N X N+1
OCR N X M
£
Write data
Compare-match Pt '
signal H BN

Disabled

Figure 10.19 Conflict between OCR Write and Compare-Match
(When Automatic Addition Function is not Used)
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o L L L L

x OCRAR (OCRAF,
Address addgess )

Internal write signal | |
OCRAR (OCRAF) Old data X New data
Compare-match signal Disabled —:; o "E
FRC N X N+1
OCR N

Automatic addition is not performed
because compare-match signals are disabled.

Figure 10.20 Conflict between OCRAR/OCRAF Write and Compare-Match
(When Automatic Addition Function is Used)

10.7.4  Switching of Internal Clock and FRC Operation

When the internal clock is changed, the changeover may cause FRC to be incremented. This
depends on the timing at which the clock is switched (bits CKS1 and CKSO are rewritten). Table
10.3 shows the relationship between the timing and the FRC operation.

When an internal clock is used, the FRC clock is generated on detection of the falling edge of the
internal clock scaled from the system clock (¢). If the clock is changed when the old source is high
and the new source is low, as in case no. 3 in table 10.3, the changeover is regarded as a falling
edge that triggers the FRC clock, and FRC is incremented. Switching between an internal clock
and external clock can also cause FRC to be incremented.
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Table 10.3 Switching of Internal Clock and FRC Operation

Timing of Switchover
by Means of CKS1
No. and CKSO Bits

FRC Operation

1 Switching from
low to low

Clock before | | E I | I |
switchover H

Clock after
switchover

FRC clock |_| !
FRC N X

CKS bit rewrite

N+1 X

2 Switching from
low to high

Clock before E
switchover | | | \ |

Clock after
switchover

FRC clock |_| |_| !
FRC N X N+1 X

CKS bit rewrite

3 Switching from
high to low

Clock before
switchover

Clock after
switchover

I N

FRC clock

FRC

CKS bit rewrite
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Timing of Switchover
by Means of CKS1

No. and CKSO Bits FRC Operation
4 Switching from Clock bef l—‘—|:
high to h?gh swichover J I_I | :
Clock after
switchover

FRC clock |_| |_|
FRC N X N+1 X N+2 X

CKS bit rewrite

Note: * Generated on the assumption that the switchover is a falling edge; FRC is incremented.
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Section 11 8-Bit Timer (TMR)

This LSI has an on-chip 2-system 8-bit timer module (TMRO and TMR1) with two channels
operating on the basis of an 8-bit counter. In addition to external event counting, the 8-bit timer
module can be used as a multifunction timer in a variety of applications, such as generation of
counter reset, interrupt requests, and pulse output with an arbitrary duty cycle using a compare-
match signal with two registers.

This LSI also has a similar on-chip 2-system 8-bit timer module (TMRY and TMRX) with two
channels.

11.1 Features

Selection of clock sources

TMRO, TMRI1: The counter input clock can be selected from six internal clocks and an
external clock

TMRY, TMRX: The counter input clock can be selected from three internal clocks and an
external clock

Selection of three ways to clear the counters

The counters can be cleared on compare-match A or compare-match B, or by an external reset
signal.

Timer output controlled by two compare-match signals

The timer output signal in each channel is controlled by two independent compare-match
signals, enabling the timer to be used for various applications, such as the generation of pulse
output or PWM output with an arbitrary duty cycle.

Cascading of two systems

Cascading of TMRO and TMR1:

Operation as a 16-bit timer can be performed using the TMRO as the upper half and TMR1 as
the lower half (16-bit count mode).

The TMRI1 can be used to count TMRO compare-match occurrences (compare-match count
mode).

Cascading of TMRY and TMRX:

Operation as a 16-bit timer can be performed using the TMRY as the upper half and TMRX as
the lower half (16-bit count mode).

The TMRX can be used to count TMRY compare-match occurrences (compare-match count
mode).
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e Multiple interrupt sources for each channel

TMRO, TMR1, and TMRY: Three types of interrupts: Compare-match A, compare-match B,
and overflow

TMRX: Four types of interrupts: Compare-match A, compare-match B, overflow, and input
capture

Figures 11.1 and 11.2 show block diagrams of 8-bit timers.

An input capture function is added to the TMRX.

External clock Internal clock TMRO TMRL
mg:g 0l2  ol64 o2 6/128
0/8 9256  o/8  ¢/1024
0/32 $/1024  0/64 $/2048
Clock 1
Clock 0
Select clock
. [ Tcorao TCORAL

Compare match Al U U

Compare match AQ ] Comparator A0 Comparator Al |

N N

\/

Compare match B1
Control logic Comgare match BO Comparator BO t:i Comparator B1 |
[ Tcorso | Tcomrer K
3 Tcsro [ Tcsk1 K
> Tcro [ Tcr1 K
Interrupt signals
CMIAO

— CMIBO

— 0VIO

TMOO ~—| Overflow 1 r
TMRIO ——»] Overflow 0 Tento | Tentt K 2
Clear 0 / 5
Clear 1 c
g
£

TMO1 -—
TMRI1 ——=

— CMIAL

——————=CMIB1

————————=ovi

[Legend]
TCORAQ: Time constant register AQ TCORAL: Time constant register Al
TCORBO: Time constant register BO TCORB1: Time constant register B1
TCNTO:  Timer counter O TCNT1:  Timer counter 1
TCSRO:  Timer control/status register 0 TCSR1: Timer control/status register 1
TCRO: Timer control register 0 TCR1: Timer control register 1

Figure 11.1 Block Diagram of 8-Bit Timer (TMRO0 and TMR1)
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[Legend]
TCORAY: Time constant register AY
TCORBY: Time constant register BY

| TISR k

TCORAX: Time constant register AX
TCORBX: Time constant register BX

TCNTY: Timer counter Y TCNTX: Timer counter X

TCSRY: Timer control/status register Y TCSRX: Timer control/status register X

TCRY: Timer control register Y TCRX: Timer control register X

TISR: Timer input select register TICR: Input capture register
TCORC: Time constant register
TICRR:  Input capture register R
TICRF:  Input capture register F

Figure 11.2 Block Diagram of 8-Bit Timer (TMRY and TMRX)
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11.2  Input/Output Pins

Table 11.1 summarizes the input and output pins of the TMR.

Table 11.1 Pin Configuration

Channel System Name

Symbol /10

Function

0 TMRO

Timer output

TMOO_0 Output

QOutput controlled by compare-
match

Timer clock/reset
input

TMIO_0/ Input
ExTMIO_O

External clock input
(TMCIO0)/external reset input
(TMRIO) for the counter

TMR1

Timer output

TMO1_0 Output

Qutput controlled by compare-
match

Timer clock/reset
input

TMI1_0/ Input
ExTMI1_0

External clock input
(TMCI1)/external reset input
(TMRI1) for the counter

TMRY

Timer output

TMOY_O Output

Output controlled by compare-
match

Timer clock/reset
input

TMIY_O/ Input
ExTMIY_O

External clock input
(TMCIY)/external reset input
(TMRIY) for the counter

TMRX

Timer output

TMOX_0 Output

Output controlled by compare-
match

Timer clock/reset

TMIX_0/ Input

External clock input

input ExTMIX_0 (TMCIX)/external reset input
(TMRIX) for the counter
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Channel System Name

Symbol /0

Function

1

TMRO  Timer output TMOO_1 Output  Output controlled by compare-
match
Timer clock/reset  TMIO_1/ Input External clock input
input ExTMIO_1 (TMCI0)/external reset input
(TMRIO) for the counter
TMR1  Timer output TMO1_1 Output  Output controlled by compare-
match
Timer clock/reset  TMI1_1/ Input External clock input
input ExTMI1_1 (TMCI1)/external reset input
(TMRI1) for the counter
TMRY  Timer output TMOY_1 Output  Output controlled by compare-
match
Timer clock/reset  TMIY_1/ Input External clock input
input ExTMIY_A1 (TMCIY)/external reset input
(TMRIY) for the counter
TMRX  Timer output TMOX_1 Output  Output controlled by compare-

match

Timer clock/reset

TMIX_1/ Input

External clock input

input ExTMIX_1 (TMCIX)/external reset input
(TMRIX) for the counter
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11.3  Register Descriptions

The TMR has the following registers. For details on the timer extended control register, see
section 13.3.5, Timer Extended Control Register (TECR).

TMRO_O:

e Timer counter 0_0 (TCNTO0_0)

e Time constant register AO_0 (TCORAOQ_0)

e Time constant register BO_0 (TCORBO0_0)

e Timer control register 0_0 (TCRO_0)

e Timer control/status register 0_0 (TCSRO0_0)

TMR1_0:

e Timer counter 1_0 (TCNT1_0)

e Time constant register A1_0 (TCORA1_0)

e Time constant register B1_0 (TCORB1_0)

e Timer control register 1_0 (TCR1_0)

e Timer control/status register 1_0 (TCSR1_0)

TMRY_0:

e Timer counter Y_O (TCNTY_0)

e Time constant register AY_0 (TCORAY_0)

e Time constant register BY_0 (TCORBY_0)

e Timer control register Y_0 (TCRY_0)

e Timer control/status register Y_0 (TCSRY_0)
e Timer input select register_0 (TISR_0)

TMRX_0:

e Timer counter X_0 (TCNTX_0)

e Time constant register AX_0 (TCORAX_0)

e Time constant register BX_0 (TCORBX_0)

e Timer control register X_0 (TCRX_0)

e Timer control/status register X_0 (TCSRX_0)
e Input capture register_0 (TICR_0)

e Time constant register_0 (TCORC_0)
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o Input capture register R_0 (TICRR_0)
o Input capture register F_0 (TICRF_0)

TMRO_1:

e Timer counter 0_1 (TCNTO_1)

e Time constant register AO_1 (TCORAO_1)

e Time constant register BO_1 (TCORBO_1)

e Timer control register 0_1 (TCRO_1)

e Timer control/status register 0_1 (TCSRO_1)

TMR1_1:

e Timer counter 1_1 (TCNT1_1)

e Time constant register A1_1 (TCORA1_1)

e Time constant register B1_1 (TCORB1_1)

e Timer control register 1_1 (TCR1_1)

e Timer control/status register 1_1 (TCSR1_1)

TMRY_I:

e Timer counter Y_1 (TCNTY_1)

e Time constant register AY_1 (TCORAY_1)

e Time constant register BY_1 (TCORBY_1)

e Timer control register Y_1 (TCRY_1)

e Timer control/status register Y_1 (TCSRY_1)
o Timer input select register_1 (TISR_1)

TMRX_1:

e Timer counter X_1 (TCNTX_1)

e Time constant register AX_1 (TCORAX_1)

e Time constant register BX_1 (TCORBX_1)

e Timer control register X_1 (TCRX_1)

e Timer control/status register X_1 (TCSRX_1)
e Input capture register_1 (TICR_1)

o Time constant register_1 (TCORC_1)

e Input capture register R_1 (TICRR_1)

o Input capture register F_1 (TICRF_1)
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11.3.1 Timer Counter (TCNT)

TCNT is an 8-bit readable/writable up-counter. TCNTO and TCNT1 (or TCNTY and TCNTX)
comprise a single 16-bit register, so they can be accessed together in word units. The clock source
is selected by the CKS2 to CKSO0 bits in TCR. TCNT can be cleared by an external reset input
signal, compare-match A signal, or compare-match B signal. The method of clearing can be
selected by the CCLR1 and CCLRO bits in TCR. When TCNT overflows (changes from H'FF to
H'00), the OVF bit in TCSR is set to 1. TCNT is initialized to H'00.

11.3.2 Time Constant Register A (TCORA)

TCORA is an 8-bit readable/writable register. TCORAQO and TCORA1 (or TCORAY and
TCORAX) comprise a single 16-bit register, so they can be accessed together in word units.
TCORA is continually compared with the value in TCNT. When a match is detected, the CMFA
flag in TCSR is set to 1. Note however that comparison is disabled during the T2 state of a
TCORA write cycle. The timer output from the TMO pin can be freely controlled by this
compare-match A signal and the settings of the OS1 and OSO0 bits in TCSR. TCORA is initialized
to H'FF.

11.3.3  Time Constant Register B (TCORB)

TCORSB is an 8-bit readable/writable register. TCORBO0 and TCORB1 (or TCORBY and
TCORBX) comprise a single 16-bit register, so they can be accessed together in word units.
TCORB is continually compared with the value in TCNT. When a match is detected, the CMFB
flag in TCSR is set to 1. Note however that comparison is disabled during the T2 state of a
TCORB write cycle. The timer output from the TMO pin can be freely controlled by this compare-
match B signal and the settings of the OS3 and OS2 bits in TCSR. TCORB is initialized to H'FF.

Rev.2.00 May. 28, 2009 Page 282 of 732
REJ09B0059-0200 RENESAS



Section 11 8-Bit Timer (TMR)

11.34

Timer Control Register (TCR)

TCR selects the TCNT clock source and the condition by which TCNT is cleared, and
enables/disables interrupt requests.

Bit

Bit Name Initial Value R/W

Description

7

CMIEB

0

R/W

Compare-Match Interrupt Enable B

Selects whether the CMFB interrupt request (CMIB) is
enabled or disabled when the CMFB flag in TCSR is set to
1.

0: CMFB interrupt request (CMIB) is disabled
1: CMFB interrupt request (CMIB) is enabled

CMIEA

R/W

Compare-Match Interrupt Enable A

Selects whether the CMFA interrupt request (CMIA) is
enabled or disabled when the CMFA flag in TCSR is set to
1.

0: CMFA interrupt request (CMIA) is disabled
1: CMFA interrupt request (CMIA) is enabled

OVIE

R/W

Timer Overflow Interrupt Enable

Selects whether the OVF interrupt request (OVI) is enabled
or disabled when the OVF flagin TCSR is set to 1.

0: OVF interrupt request (OVI) is disabled
1: OVF interrupt request (OVI) is enabled

CCLR1
CCLRO

R/W
R/W

Counter Clear 1, 0

Select the method by which TCNT is cleared.
00: Clearing is disabled

01: Cleared on compare-match A

10: Cleared on compare-match B

11: Cleared on rising edge of external reset input

CKS2
CKS1
CKS0

R/W
R/W
R/W

Clock Select2to 0

Select the clock input to TCNT and count condition,
together with the ICKS1 and ICKSO bits in TECR (ICKS1_1
and ICKSO0_1 in channel 1, and ICKS1_0 and ICKS0_0 in
channel 0). For details, see table 11.2.
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Table 11.2 Clock Input to TCNT and Count Condition

TCR TECR
System CKS2 CKS1 CKSO0 ICKS1 ICKSO Description
TMRO O 0 0 — — Disables clock input
0 0 1 — 0 Increments at falling edge of internal
clock ¢/8
0 0 1 — 1 Increments at falling edge of internal
clock ¢/2
0 1 0 — 0 Increments at falling edge of internal
clock ¢/64
0 1 0 — 1 Increments at falling edge of internal
clock ¢/32
0 1 1 — 0 Increments at falling edge of internal
clock ¢/1024
0 1 1 — 1 Increments at falling edge of internal
clock ¢/256
1 0 0 — — Increments at overflow signal from
TCNT1*
TMR1 0 0 — — Disables clock input
0 0 — Increments at falling edge of internal
clock ¢/8
0 0 1 1 — Increments at falling edge of internal
clock ¢/2
0 1 0 0 — Increments at falling edge of internal
clock ¢/64
0 1 0 1 — Increments at falling edge of internal
clock ¢/128
0 1 1 0 — Increments at falling edge of internal
clock ¢/1024
0 1 1 1 — Increments at falling edge of internal
clock ¢/2048
1 0 0 — — Increments at compare-match A from
TCNTO*
TMRY O 0 — — Disables clock input
0 — — Increments at falling edge of internal
clock ¢/4
0 1 0 — — Increments at falling edge of internal
clock ¢/256
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TCR TECR
System CKS2 CKS1 CKSO0 ICKS1 ICKS0 Description
TMRY O 1 1 — — Increments at falling edge of internal
clock ¢/2048
1 0 0 — — Increments at overflow signal from
TCNTX*
TMRX O 0 0 — — Disables clock input
— — Increments at falling edge of internal
clock ¢
0 1 0 — — Increments at falling edge of internal
clock ¢/2
0 1 1 — — Increments at falling edge of internal
clock ¢/4
1 0 0 — — Increments at compare-match A from
TCNTY*
Common 1 0 1 — — Increments at rising edge of external
clock
1 1 0 — — Increments at falling edge of external
clock
1 1 1 — — Increments at both rising and falling

edges of external clock

Note: * If the TMRO clock input is set as the TCNT1 overflow signal and the TMR1 clock input is
set as the TCNTO compare-match signal simultaneously, a count-up clock cannot be
generated. Similarly, If the TMRY clock input is set as the TCNTX overflow signal and
the TMRX clock input is set as the TCNTY compare-match signal simultaneously, a
count-up clock cannot be generated. Simultaneous setting of these two conditions
should therefore be avoided.
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11.3.5 Timer Control/Status Register (TCSR)
TCSR indicates the status flags and controls compare-match output.
e TCSRO

Bit Bit Name Initial Value R/W Description

7 CMFB 0 R/(W)*' Compare-Match Flag B
[Setting condition]
When the values of TCNTO and TCORBO match
[Clearing condition]
Read CMFB when CMFB = 1, then write 0 to CMFB

6 CMFA 0 R/(W)*' Compare-Match Flag A
[Setting condition]
When the values of TCNTO and TCORAO match
[Clearing condition]
Read CMFA when CMFA = 1, then write 0 to CMFA

5 OVF 0 R/(W)*' Timer Overflow Flag
[Setting condition]
When TCNTO overflows from H'FF to H'00
[Clearing condition]
Read OVF when OVF = 1, then write 0 to OVF

4 ADTE 0 R/W A/D Trigger Enable**

Enables or disables A/D conversion start requests by
compare-match A.

0: A/D converter start requests by compare-match A

are disabled
1: A/D converter start requests by compare-match A
are enabled
3 0S3 0 R/W Qutput Select 3, 2
2 082 0 R/W Specify how the TMOO pin output level is to be

changed by compare-match B of TCORBO and TCNTO.
00: No change

01: 0 is output

10: 1 is output

11: Output is inverted (toggle output)
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Bit Bit Name Initial Value R/W  Description
1 0OS1 0 R/W  Output Select 1, 0

0 (O10] 0 R/W  Specify how the TMOO pin output level is to be changed
by compare-match A of TCORAOQ and TCNTO.

00: No change

01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

Notes: 1. Only 0 can be written to clear the flag.
2. This bit is reserved in channel 1.

e TCSR1

Bit Bit Name Initial Value R/W  Description
7 CMFB 0 R/(W)* Compare-Match Flag B
[Setting condition]
When the values of TCNT1 and TCORB1 match
[Clearing condition]
Read CMFB when CMFB = 1, then write 0 to CMFB

6 CMFA 0 R/(W)* Compare-Match Flag A
[Setting condition]
When the values of TCNT1 and TCORA1 match
[Clearing condition]
Read CMFA when CMFA = 1, then write 0 to CMFA

5 OVF 0 R/(W)* Timer Overflow Flag
[Setting condition]
When TCNT1 overflows from H'FF to H'00
[Clearing condition]
Read OVF when OVF = 1, then write 0 to OVF

4 — 1 R Reserved

This bit is always read as 1 and cannot be modified.
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Bit Bit Name |Initial Value R/W

Description

3 0S3 0 R/W
2 082 0 R/W

Output Select 3, 2

Specify how the TMO1 pin output level is to be changed
by compare-match B of TCORB1 and TCNT1.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

0OS1 0 R/W
0 0Sso 0 R/W

Output Select 1, 0

Specify how the TMO1 pin output level is to be changed
by compare-match A of TCORA1 and TCNT1.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

Note: * Only 0 can be written to clear the flag.

e TCSRY

Bit Bit Name Initial Value R/W

Description

7 CMFB 0 R/(W

)* Compare-Match Flag B

[Setting condition]

When the values of TCNTY and TCORBY match
[Clearing condition]

Read CMFB when CMFB = 1, then write 0 to CMFB

6 CMFA 0 R/(W)* Compare-Match Flag A

[Setting condition]

When the values of TCNTY and TCORAY match
[Clearing condition]

Read CMFA when CMFA = 1, then write 0 to CMFA
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Bit Bit Name |Initial Value R/W

Description

5 OVF

0

R/(W)* Timer Overflow Flag

[Setting condition]

When TCNTY overflows from H'FF to H'00
[Clearing condition]

Read OVF when OVF = 1, then write 0 to OVF

4 ICIE

R/W

Input Capture Interrupt Enable

Enables or disables the ICF interrupt request (ICIX)
when the ICF bitin TCSRX is set to 1.

0: ICF interrupt request (ICIX) is disabled
1: ICF interrupt request (ICIX) is enabled

3 0S3
2 082

R/W
R/W

Output Select 3, 2

Specify how the TMOY pin output level is to be changed
by compare-match B of TCORBY and TCNTY.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

(O}
0 0So0

R/W
R/W

Qutput Select 1, 0

Specify how the TMOY pin output level is to be changed
by compare-match A of TCORAY and TCNTY.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

Note: * Only 0 can be written to clear the flag.
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e TCSRX

Bit Bit Name Initial Value R/W  Description

7 CMFB 0 R/(W)* Compare-Match Flag B
[Setting condition]
When the values of TCNTX and TCORBX match
[Clearing condition]
Read CMFB when CMFB = 1, then write 0 to CMFB

6 CMFA 0 R/(W)* Compare-Match Flag A
[Setting condition]
When the values of TCNTX and TCORAX match
[Clearing condition]
Read CMFA when CMFA = 1, then write 0 to CMFA

5 OVF 0 R/(W)* Timer Overflow Flag
[Setting condition]
When TCNTX overflows from H'FF to H'00
[Clearing condition]
Read OVF when OVF = 1, then write 0 to OVF

4 ICF 0 R/(W)* Input Capture Flag
[Setting condition]

When a rising edge and falling edge is detected in the
external reset signal in that order

[Clearing condition]
Read ICF when ICF = 1, then write 0 to ICF

0S3 0 R/W  Output Select 3, 2

082 0 R/W  Specify how the TMOX pin output level is to be changed
by compare-match B of TCORBX and TCNTX.

00: No change
01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)
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Bit Bit Name Initial Value R/W  Description
1 0OS1 0 R/W  Output Select 1, 0

0 (O10] 0 R/W  Specify how the TMOX pin output level is to be changed
by compare-match A of TCORAX and TCNTX.

00: No change

01: 0 is output
10: 1 is output
11: Output is inverted (toggle output)

Note: * Only 0 can be written to clear the flag.

11.3.6  Input Capture Register (TICR)

TICR is an 8-bit register. The contents of TCNT are transferred to TICR at the falling edge of the
external reset input. TICR cannot be directly accessed by the CPU.

11.3.7 Time Constant Register (TCORC)

TCORC is an 8-bit readable/writable register. The sum of contents of TCORC and TICR is always
compared with TCNT. When a match is detected, a compare-match C signal is generated.
However, comparison at the T2 state of the TCORC write cycle and at the input capture cycle of
TICR is disabled. TCORC is initialized to H'FF.

11.3.8  Input Capture Registers R and F (TICRR and TICRF)

TICRR and TICREF are 8-bit read-only registers. The contents of TCNT are transferred at the
rising edge and falling edge of the external reset input (TMRIX) in that order. The ICST bit is
cleared to O when one capture operation ends. TICRR and TICREF are initialized to H'00.
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11.3.9  Timer Input Select Register (TISR)
TISR selects a signal source of external clock/reset input for the counter.

Bit Bit Name Initial Value R/W  Description

7t01 — All 1 R/(W) Reserved
The initial value should not be changed.
0 IS 0 R/W  Input Select

Selects the internal synchronization signal (IVG signal)
or timer clock/reset input pin (TMIY or EXTMIY) as the
signal source of the external clock/reset input for the
TMRY counter.

0: IVG signal is selected
1: TMIY is selected
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114

11.4.1

Operation

Pulse Output

Figure 11.3 shows an example for outputting an arbitrary duty pulse.

1.

Clear the CCLRI1 bit in TCR to 0 and then set the CCLRO bit to 1 so that TCNT is cleared
according to the compare match of TCORA.

Set the OS3 to OSO0 bits in TCSR to B'0110 so that 1 is output according to the compare match
of TCORA and 0 is output according to the compare match of TCORB.

According to the above settings, the waveforms with the TCORA cycle and TCORB pulse width
can be output without the intervention of software.

Counter clear

™o 1 1 | |

Figure 11.3 Pulse Output Example
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11.5  Operation Timing

11.51 TCNT Count Timing

Figure 11.4 shows the TCNT count timing with an internal clock source. Figure 11.5 shows the
TCNT count timing with an external clock source. The pulse width of the external clock signal
must be at least 1.5 states for a single edge and at least 2.5 states for both edges. The counter will
not increment correctly if the pulse width is less than these values.

‘ i O e e Y Y o I
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I T
((

Internal clock —l

TCNT input

(( ((
clock 3y )T

(. ((
) )
TCNT N-1 X ; N ( X nN+1

Figure 11.4 Count Timing for Internal Clock Input

4 O Y O I o A e I i e

(
External clock _l )
input pin (¢ | I—

)

TCNT input
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clock £ ((

(. (
TCNT N—1 X :: N X :: N+1
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Figure 11.5 Count Timing for External Clock Input
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11.5.2 Timing of CMFA and CMFB Setting at Compare-Match

The CMFA and CMFB flags in TCSR are set to 1 by a compare-match signal generated when the
TCNT and TCOR values match. The compare-match signal is generated at the last state in which
the match is true, just when the timer counter is updated. Therefore, when TCNT and TCOR
values match, the compare-match signal is not generated until the next TCNT input clock. Figure
11.6 shows the timing of CMF flag setting.

¢ I I I S oy

TCNT N X N+1

TCOR N

Compare-match | |

signal \

CMF |

Figure 11.6 Timing of CMF Setting at Compare-Match

11.5.3  Timing of Timer Output at Compare-Match

When a compare-match signal occurs, the timer output changes as specified by the OS3 to OS0
bits in TCSR. Figure 11.7 shows the timing of timer output when the output is set to toggle by a
compare-match A signal.

¢ e s o e B
Compare-match A |_|_
((

N ,r ™

Timer output pin I V |

Figure 11.7 Timing of Toggled Timer Output by Compare-Match A Signal
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11.5.4 Timing of Counter Clear at Compare-Match

TCNT is cleared when compare-match A or compare-match B occurs, depending on the setting of
the CCLR1 and CCLRO bits in TCR. Figure 11.8 shows the timing of clearing the counter by a
compare-match.

¢ S [ I I O
Compare-match | |

signal \

TCNT N X H'00

Figure 11.8 Timing of Counter Clear by Compare-Match

11.5.5 TCNT External Reset Timing

TCNT is cleared at the rising edge of an external reset input, depending on the settings of the
CCLRI1 and CCLRO bits in TCR. The width of the clearing pulse must be at least 1.5 states. Figure
11.9 shows the timing of clearing the counter by an external reset input.

¢ S I I I

External reset |
input pin
Clear signal \’_‘

TCNT N-1 X N X H'00

Figure 11.9 Timing of Counter Clear by External Reset Input
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11.5.6  Timing of Overflow Flag (OVF) Setting

The OVF flag in TCSR is set to 1 by an overflow signal output when the TCNT overflows
(changes from H'FF to H'00). Figure 11.10 shows the timing of OVF flag setting.

; I I I I

TCNT HFF

H'00

X
Overflow signal | |

OVF I

Figure 11.10 Timing of OVF Flag Setting
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11.6 TMRO0 and TMR1 Cascaded Connection

If bits CKS2 to CKSO in either TCRO or TCR1 are set to B'100, the 2-system 8-bit timers are
cascaded. With this configuration, 16-bit count mode in which the TMRO and TMR1 are used as a
single 16-bit timer or compare-match count mode in which the compare-match of the 8-bit timer
(TMRO) is counted by the TMRI1 can be selected.

11.6.1 16-Bit Count Mode

When bits CKS2 to CKSO0 in TCRO are set to B'100, the timer functions as a single 16-bit timer
with TMRO occupying the upper eight bits and TMR1 occupying the lower 8 bits.

Setting of Compare-Match Flags:

e The CMF flag in TCSRO is set to 1 when a 16-bit compare-match occurs.
e The CMF flag in TCSRI is set to 1 when a lower 8-bit compare-match occurs.

Counter Clear Specification:

e If the CCLRI1 and CCLRO bits in TCRO have been set for counter clear at compare-match, the
16-bit counter (TCNTO and TCNT1 together) is cleared when a 16-bit compare-match occurs.
The 16-bit counter (TCNTO and TCNT1 together) is also cleared when counter clear by the
TMIO pin has been set.

e The settings of the CCLR1 and CCLRO bits in TCR1 are invalid. The lower 8 bits cannot be
cleared independently.

Pin Output:

e Control of output from the TMOO pin by bits OS3 to OS0 in TCSRO is in accordance with the
16-bit compare-match conditions.

e Control of output from the TMO1 pin by bits OS3 to OS0 in TCSRI is in accordance with the
lower 8-bit compare-match conditions.

11.6.2 Compare-Match Count Mode

When bits CKS2 to CKS0 in TCR1 are B'100, TCNT1 counts the occurrence of compare-match A
for the TMRO. The TMRO and TMR1 are controlled independently. Conditions such as setting of
the CMF flag, generation of interrupts, output from the TMO pin, and counter clearing are in
accordance with the settings for the TMRO and TMRI1.
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11.7 TMRY and TMRX Cascaded Connection

If bits CKS2 to CKSO in either TCRY or TCRX are set to B'100, the 2-system 8-bit timers are
cascaded. With this configuration, 16-bit count mode in which the TMRY and TMRX are used as
a single 16-bit timer or compare-match count mode in which the compare-match of the 8-bit timer
(TMRY) is counted by the TMRX can be selected.

11.7.1  16-Bit Count Mode

When bits CKS2 to CKSO0 in TCRY are set to B'100, the timer functions as a single 16-bit timer
with TMRY occupying the upper eight bits and TMRX occupying the lower 8 bits.

Setting of Compare-Match Flags:

e The CMF flag in TCSRY is set to 1 when an upper 8-bit compare-match occurs.
e The CMF flag in TCSRX is set to 1 when a lower 8-bit compare-match occurs.

Counter Clear Specification:

e If the CCLRI1 and CCLRO bits in TCRY have been set for counter clear at compare-match,
only the upper eight bits of TCNTY are cleared. The upper eight bits of TCNTY are also
cleared when counter clear by the TMRIY pin has been set.

e The settings of the CCLR1 and CCLRO bits in TCRX are valid, and the lower 8 bits of
TCNTX can be cleared.

Pin Output:

e Control of output from the TMOY pin by bits OS3 to OS0 in TCSRY is in accordance with the
upper 8-bit compare-match conditions.

e Control of output from the TMOX pin by bits OS3 to OS0 in TCSRX is in accordance with the
lower 8-bit compare-match conditions.

11.7.2 Compare-Match Count Mode

When bits CKS2 to CKS0 in TCRX are B'100, TCNTX counts the occurrence of compare-match
A for the TMRY. TMRY and TMRX are controlled independently. Conditions such as setting of
the CMF flag, generation of interrupts, output from the TMO pin, and counter clearing are in
accordance with the settings for the TMRY and TMRX.
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11.7.3  Input Capture Operation

The TMRX has input capture registers (TICR, TICRR, and TICRF). A narrow pulse width can be
measured with TICRR and TICRF, using a single capture. If the falling edge of TMRIX (TMRX
input capture input signal) is detected after its rising edge has been detected, the value of TCNTX
at that time is transferred to both TICRR and TICRF.

Input Timing of Input Capture Signal:

Figure 11.11 shows the timing of the input capture operation.

TMRIX ] 33—\ ,—

Input capture 4,—| ,—l
signal {

((
TCNTX n X n+l N X N+1
))
N §
TICRR M X_n < n
D
5§ s
TICRF m p m X N
)

Figure 11.11 Timing of Input Capture Operation

If the input capture signal is input while TICRR and TICRF are being read, the input capture
signal is delayed by one system clock (¢) cycle. Figure 11.12 shows the timing of this operation.
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TICRR, TICRF read cycle

TMRIX |

Input capture oo
signal :

((
))

Figure 11.12 Timing of Input Capture Signal
(When Input Capture Signal is Input during TICRR and TICRF Read)

Rev.2.00 May. 28, 2009 Page 301 of 732
RENESAS REJ09B0059-0200




Section 11 8-Bit Timer (TMR)

11.8  Interrupt Sources

The TMRO, TMR1, and TMRY can generate three types of interrupts: CMIA, CMIB, and OVI.
The TMRX can generate four types of interrupts: CMIA, CMIB, OVI, and ICIX. Table 11.3
shows the interrupt sources and priorities. Each interrupt source can be enabled or disabled
independently by interrupt enable bits in TCR or TCSR. Independent signals are sent to the
interrupt controller for each interrupt.

Table 11.3 Interrupt Sources of 8-Bit Timers TMR0, TMR1, TMRY, and TMRX

Interrupt
Channel System Name Interrupt Source Interrupt Flag Priority
0 TMRX CMIAXO TCORAX compare-match CMFA High
CMIBXO TCORBX compare-match CMFB A
OVIXo TCNTX overflow OVF
ICIX0 Input capture ICF
TMRO CMIA00 TCORAO compare-match CMFA
CMIB0OO TCORBO compare-match CMFB
ovioo TCNTO overflow OVF
TMR1 CMIA10 TCORA1 compare-match CMFA
CMIB10 TCORB1 compare-match CMFB
ovi1o TCNT1 overflow OVF
TMRY CMIAYO TCORAY compare-match CMFA
CMIBYO TCORBY compare-match CMFB
oviYo TCNTY overflow OVF
1 TMRX CMIAX1 TCORAX compare-match CMFA
CMIBX1 TCORBX compare-match CMFB
OVIX1 TCNTX overflow OVF
ICIX1 Input capture ICF
TMRO CMIAOQ1 TCORAO compare-match CMFA
CMIBO1 TCORBO compare-match CMFB
ovio1 TCNTO overflow OVF
TMR1 CMIA11 TCORA1 compare-match CMFA
CMIB11 TCORB1 compare-match CMFB
oVviIt1 TCNT1 overflow OVF
TMRY CMIAY1 TCORAY compare-match CMFA
CMIBY1 TCORBY compare-match CMFB
OVIY1 TCNTY overflow OVF Low
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11.9  Usage Notes

11.9.1  Conflict between TCNT Write and Clear

If TCNT is cleared during the T, state of a TCNT write cycle as shown in figure 11.13, the clear
takes priority and TCNT is not written.

TCNT write cycle by CPU
T1 T2

|
0 L
_X

-

Address TCNT address X

Internal write signal | |
Counter clear signal | |

TCNT N X H'00

Figure 11.13 Conflict between TCNT Write and Clear
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11.9.2 Conflict between TCNT Write and Increment

If a TCNT input clock is generated during the T, state of a TCNT write cycle as shown in
figure 11.14, the write takes priority and the counter is not incremented.

TCNT write cycle by CPU
T1 . T2

Address x TCNT address X

Internal write signal | |
TCNT input clock | |

TCNT N X

p M

/

Counter write data

Figure 11.14 Conflict between TCNT Write and Increment
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11.9.3  Conflict between TCOR Write and Compare-Match

If a compare-match occurs during the T, state of a TCOR write cycle as shown in figure 11.15, the
TCOR write takes priority and the compare-match signal is disabled. With the TMRX, a TICR
input capture conflicts with a compare-match in the same way as with a write to TCORC. In this
case also, the input capture takes priority and the compare-match signal is disabled.

TCOR write cycle by CPU
L Tl | TZ

| | |
¢ I R R

Address x TCOR address X
Internal write signal | |

TCNT N X N+1

TCOR N X P M

Compare-match signal E :\

Disabled

Figure 11.15 Conflict between TCOR Write and Compare-Match
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11.94  Conflict between Compare-Matches A and B

If compare-matches A and B occur at the same time, the 8-bit timer operates in accordance with
the priorities for the output states set for compare-match A and compare-match B, as shown in
table 11.4.

Table 11.4 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output

No change Low

11.9.5 Switching of Internal Clocks and TCNT Operation

TCNT may be incremented erroneously when the internal clock is switched over. Table 11.5
shows the relationship between the timing at which the internal clock is switched (by writing to
the CKS1 and CKSO bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulse is detected. If clock switching causes a change from high to low level, as shown in no. 3 in
table 11.5, a TCNT clock pulse is generated on the assumption that the switchover is a falling edge,
and TCNT is incremented.

Erroneous incrementation can also happen when switching between internal and external clocks.
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Table 11.5 Switching of Internal Clocks and TCNT Operation

No.

Timing of Switchover
by Means of CKS1
and CKSO Bits

TCNT Clock Operation

Clock switching from low
to low level*’

Clock before
switchover J I

Clock after
switchover

TCNT
clock

TCNT N

X N+ 1 X

2

Clock switching from low
to high level**

Clock before
switchover J

Clock after
switchover

TCNT
clock

TCNT N X

3

Clock switching from high
to low level+®

Clock before
switchover

[ L]

Clock after
switchover

TCNT
clock

TCNT

CKS bit rewrite
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Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

4 Clock switching from high )
; Clock before
to hlgh level switchover J I I I I ; I_

Clock after
switchover

TCNT
clock

TCNT N X N+1 X N+2 X

CKS bit rewrite

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.

3. Includes switching from high to stop.
4

. Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.

11.9.6 Mode Setting with Cascaded Connection

If 16-bit count mode and compare-match count mode are set simultaneously, the input clock
pulses for TCNTO and TCNT1 (or TCNTY and TCNTX) are not generated, and thus the counters
will stop operating. Simultaneous setting of these two modes should therefore be avoided.
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Section 12 16-Bit Timer Pulse Unit (TPU)

This LSI has an on-chip 16-bit timer pulse unit (TPU) that comprises three 16-bit timer channels.
The function list of the 16-bit timer pulse unit and its block diagram are shown in table 12.1 and
figure 12.1, respectively.

12.1 Features

e Maximum 8-pulse input/output
e Selection of 8 counter input clocks for each channel
e The following operations can be set for each channel:
Waveform output at compare match
Input capture function
Counter clear operation
Synchronous operation:
Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register simultaneous input/output possible by counter synchronous operation
Maximum of 7-phase PWM output possible by combination with synchronous operation
e Buffer operation settable for channel 0
o Phase counting mode settable independently for each of channels 1 and 2
e (Cascaded operation
o Fast access via internal 16-bit bus
e 13 interrupt sources
e Automatic transfer of register data
e A/D conversion start trigger can be generated

e Module stop mode can be set
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Clock input

Internal clock:  ¢/1

External clock:

/4
/16
0164
/256
/1024
TCLKA
TCLKB
TCLKC
TCLKD

Input/output pins

Channel 0:

Channel 1:

Channel 2:

[Legend]

TSTR: Timer start register
TSYR: Timer synchro register
TCR: Timer control register
TMDR: Timer mode register

TIOCAO
TIOCBO
TIOCCO
TIOCDO
TIOCA1
TIOCB1
TIOCA2
TIOCB2

1y

Control logic

Bus
interface

Control logic for channels 0 to 2

Channel 2

TCR |TMDR|

TIOR

Channel 1

TCR |TMDR|

TIOR

Channel 0

TCR |TMDR
TIORH|TIORL

TIER | TSR ||| TSTR|TSYR]

TCNT

TGRA

TGRB

Module data bus

TIER | TSR |

TCNT

TGRA

TGRB

TIER | TSR

TCNT

TGRA

TGRB

TGRC

TGRD

TIOR (H, L)
TIER:
TSR:

TGR (A, B, C, D):

Timer 1/O control registers (H, L)
Timer interrupt enable register
Timer status register

Timer general registers (A, B, C, D)

~ > Internal data bus

— A/D conversion

start request signal

Interrupt request signals
Channel 0: TGIOA
TGIOB
TGIOC
TGIOD
TCIOV
Channel 1: TGI1A
TGI1B
TCI1V
TCI1U
Channel 2: TGI2A
TGI2B
TCl2V
TCIl2U

Figure 12.1 Block Diagram of TPU
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Table 12.1 TPU Functions

Item Channel 0 Channel 1 Channel 2
Count clock o/1 o/1 o/1
o/4 o4 o4
/16 /16 /16
/64 /64 /64
TCLKA /256 /1024
TCLKB TCLKA TCLKA
TCLKC TCLKB TCLKB
TCLKD TCLKC
General registers TGRA_O TGRA_1 TGRA_2
(TGR) TGRB_0 TGRB_1 TGRB_2
General registers/buffer TGRC_0 — —
registers TGRD 0
I/0 pins TIOCAO TIOCA1 TIOCA2
TIOCBO TIOCBH1 TIOCB2
TIOCCO
TIOCDO

Counter clear function

TGR compare match
or input capture

TGR compare match
or input capture

TGR compare match or
input capture

Compare 0 output 0] o 0o
match Toutput O 0 0
output
Toggle (0] (0] O
output
Input capture function O (0] (0]
Synchronous operation O (0] (0]
PWM mode (0] (0] (0]
Phase counting mode — (0] 0O
Buffer operation (0] — —
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Item

Channel 0

Channel 1

Channel 2

A/D conversion start

trigger

TGRA_O compare
match or input capture

TGRA_1 compare
match or input capture

TGRA_2 compare
match or input capture

Interrupt sources

5 sources

Compare match or
input capture 0OA
Compare match or
input capture 0B

4 sources

Compare match or
input capture 1A
Compare match or
input capture 1B

4 sources

Compare match or
input capture 2A
Compare match or
input capture 2B

e Compare matchor e Overflow e Overflow
input capture 0C ¢ Underflow e Underflow
e Compare match or
input capture 0D
e Overflow
[Legend]
O: Possible
—: Not possible
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12.2

Input/Output Pins

Table 12.2 Pin Configuration

Channel Symbol 1/0 Function
All TCLKA Input External clock A input pin
(Channel 1 phase counting mode A phase input)
TCLKB Input External clock B input pin
(Channel 1 phase counting mode B phase input)
TCLKC Input External clock C input pin
(Channel 2 phase counting mode A phase input)
TCLKD Input External clock D input pin
(Channel 2 phase counting mode B phase input)
0 TIOCAO I/0 TGRA_O input capture input/output compare
output/PWM output pin
TIOCBO I/0 TGRB_O0 input capture input/output compare
output/PWM output pin
TIOCCO /10 TGRC_0 input capture input/output compare
output/PWM output pin
TIOCDO 1/0 TGRD_0 input capture input/output compare
output/PWM output pin
1 TIOCA1 I/0 TGRA_1 input capture input/output compare
output/PWM output pin
TIOCB1 I/0 TGRB_1 input capture input/output compare
output/PWM output pin
2 TIOCA2 I/0 TGRA_2 input capture input/output compare
output/PWM output pin
TIOCB2 I/0 TGRB_2 input capture input/output compare

output/PWM output pin
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12.3  Register Descriptions
The TPU has the following registers for each channel.
Channel 0:

e Timer control register_0 (TCR_0)

e Timer mode register_0 (TMDR_0)

e Timer I/O control register H_0 (TIORH_O)
e Timer I/O control register L_0 (TIORL_0)

o Timer interrupt enable register_0 (TIER_0)
e Timer status register_0 (TSR_0)

e Timer counter_0 (TCNT_0)

e Timer general register A_0 (TGRA_0)

e Timer general register B_0 (TGRB_0)

e Timer general register C_0 (TGRC_0)

e Timer general register D_0 (TGRD_0)

Channel 1:

e Timer control register_1 (TCR_1)

e Timer mode register_1 (TMDR_1)

e Timer I/O control register _1 (TIOR_1)

o Timer interrupt enable register_1 (TIER_1)
e Timer status register_1 (TSR_1)

e Timer counter_1 (TCNT_1)

e Timer general register A_1 (TGRA_1)

o Timer general register B_1 (TGRB_1)

Channel 2:

e Timer control register_2 (TCR_2)

e Timer mode register_2 (TMDR_2)

e Timer I/O control register_2 (TIOR_2)

e Timer interrupt enable register_2 (TIER_2)
e Timer status register_2 (TSR_2)

e Timer counter_2 (TCNT_2)

o Timer general register A_2 (TGRA_2)
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o Timer general register B_2 (TGRB_2)

Common Registers:

o Timer start register (TSTR)

e Timer synchro register (TSYR)

12.3.1 Timer Control Register (TCR)

TCR controls the TCNT operation for each channel. The TPU has a total of three TCR registers,
one for each channel (channels O to 2). TCR settings should be made only when TCNT operation

is stopped.

Bit Bit Name Initial Value R/W Description

7 CCLR2 0 R/W  Counter Clear2to 0

6 CCLR1 0 R/W  Select the TCNT counter clearing source. See tables 12.3

5 CCLRO 0O r/w and 12.4 for details.

4 CKEG1 O R/W  Clock Edge 1, 0

3 CKEGO O R/W  Select the input clock edge. When the internal clock is
counted using both edges, the input clock cycle is 1/2
(example: ¢/4 both edges = ¢/2 rising edge). If phase
counting mode is used on channels 1 and 2, this setting
is ignored and the phase counting mode setting has
priority. Internal clock edge selection is valid when the
input clock is ¢/4 or slower. This setting is ignored if the
input clock is ¢/1 and the rising edge counting is selected.
00: Count at rising edge
01: Count at falling edge
1x: Count at both edges
[Legend] x: Don't care

2 TPSC2 0 R/W  Timer Prescaler 2 to 0

1 TPSCA1 0 R/W  Select the TCNT counter clock. The clock source can be

0 TPSCO 0O R/W selected independently for each channel. See tables 12.5

to 12.7 for details.
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Table 12.3 CCLR2 to CCLRO (Channel 0)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRoO Description
0 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare
match/input capture
1 0 TCNT cleared by TGRB compare
match/input capture
1 TCNT cleared by counter clearing for
another channel performing synchronous
clearing/synchronous operation*'
1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare
match/input capture**
1 0 TCNT cleared by TGRD compare

match/input capture**

TCNT cleared by counter clearing for
another channel performing synchronous
clearing/synchronous operation*'

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture dose not occur.

Table 12.4 CCLR2 to CCLRO (Channels 1 and 2)

Bit7 Bit 6 Bit 5
Channel Reserved** CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare
match/input capture
1 0 TCNT cleared by TGRB compare

match/input capture

TCNT cleared by counter clearing for
another channel performing synchronous
clearing/synchronous operation*'

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.
2. Bit 7 is reserved in channels 1 and 2. It is always read as 0 and cannot be modified.
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Table 12.5 TPSC2 to TPSCO0 (Channel 0)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on ¢/1
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input

Table 12.6 TPSC2 to TPSCO (Channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on ¢/1
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on ¢/256
1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.
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Table 12.7 TPSC2 to TPSCO0 (Channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on ¢/1
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on ¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

12.3.2 Timer Mode Register (TMDR)

TMDR sets the operating mode for each channel. The TPU has a total of three TMDR registers,
one for each channel. TMDR settings should be made only when TCNT operation is stopped.

Bit Bit Name Initial Value R/W Description

7,6 — All 1 — Reserved
These bits are always read as 1 and cannot be modified.
5 BFB 0 R/W  Buffer Operation B

Specifies whether TGRB is to operate in the normal way,
or TGRB and TGRD are to be used together for buffer
operation. When TGRD is used as a buffer register,
TGRD input capture/output compare is not generated. In
channels 1 and 2, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be modified.

0: TGRB operates normally
1: TGRB and TGRD used together for buffer operation
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Bit Bit Name Initial Value R/W

Description

4 BFA

0 R/W

Buffer Operation A

Specifies whether TGRA is to operate in the normal way,
or TGRA and TGRC are to be used together for buffer
operation. When TGRC is used as a buffer register,
TGRC input capture/output compare is not generated. In
channels 1 and 2, which have no TGRC, bit 4 is
reserved. It is always read as 0 and cannot be modified.

0: TGRA operates normally
1: TGRA and TGRC used together for buffer operation

MD3
MD2
MD1
MDO

o = N W

R/W
R/W
R/W
R/W

o O O o

Modes 3to O
Set the timer operating mode.

MD3 is a reserved bit. The write value should always be
0. See table 12.8 for details.

Table 12.8

Bit 3
MD3*'

MD3 to MDO

Bit 2 Bit 1
MD2# MD1

Bit 0
MDO Description

0

0 0

0 Normal operation

Reserved

PWM mode 1

PWM mode 2

Phase counting mode 1

Phase counting mode 2

Phase counting mode 3

- Ol = O| = O| —

Phase counting mode 4

1

X X

X

[Legend] x:

Don't care

Notes: 1. MDS is a reserved bit. The write value should always be 0.
2. Phase counting mode cannot be set for channel 0. In this case, 0 should always be

written to the MD2 bit.
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12.3.3 Timer I/O Control Register (TIOR)

TIOR controls TGR. The TPU has a total of four TIOR registers, two for channel 0, and one each
for channels 1 and 2. Care is required since TIOR is affected by the TMDR setting.

The initial output specified by TIOR is valid when the counter is stopped (the CST bit in TSTR is
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counter is
cleared to O is specified.

When TGRC or TGRD is designated for buffer operation, this setting is invalid and TIOR
operates as a buffer register.

e TIORH_0, TIOR_1, TIOR_2

Bit Bit Name Initial Value R/W Description

7 10B3 0 R/W 1/O Control B3 to BO

6 10B2 0 R/W  Specify the function of TGRB.
5 10B1 0 R/W

4 10B0 0 R/W

3 I0A3 0 R/W 1/O Control A3 to AO

2 I0A2 0 R/W  Specify the function of TGRA.
1 I0A1 0 R/W

0 I0A0 0 R/W

e TIORL_0

Bit Bit Name Initial Value R/W Description

7 10D3 0 R/W 1/O Control D3 to DO

6 10D2 0 R/W  Specify the function of TGRD.
5 10D1 0 R/W

4 10D0 0 R/W

3 10C3 0 R/W 1/O Control C3 to CO

2 10C2 0 R/W  Specify the function of TGRC.
1 10CA 0 R/W

0 10C0 0 R/W
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Table 12.9 TIORH_O0 (Channel 0)

Bit7 Bit 6 Bit 5 Bit 4
10B3 10B2 10B1 10B0

Description

TGRB_0
Function

TIOCBO Pin Function

0 0 0 0

Output
compare
register

Output disabled

Initial output is 0 output

0 output at compare match

Initial output is 0 output
1 output at compare match

Initial output is 0 output
Toggle output at compare match

Output disabled

Initial output is 1 output

0 output at compare match

Initial output is 1 output
1 output at compare match

Initial output is 1 output
Toggle output at compare match

Input capture
register

Capture input source is TIOCBO pin
Input capture at rising edge

Capture input source is TIOCBO pin
Input capture at falling edge

Capture input source is TIOCBO pin
Input capture at both edges

Capture input source is channel
1/count clock

Input capture at TCNT_1 count-
up/count-down’*

[Legend] x: Don't care
Note: *

When bits TPSC2 to TPSCO0 in TCR_1 are set to B'000 and ¢/1 is used as the TCNT_1

count clock, this setting is invalid and input capture is not generated.
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Table 12.10 TIORH_0 (Channel 0)

Bit 3 Bit 2 Bit 1 Bit 0
I0A3 10A2 I0A1 I0A0

Description

TGRA_O
Function

TIOCAO Pin Function

0 0 0 0

Output
compare
register

Output disabled

Initial output is 0 output
0 output at compare match

Initial output is 0 output
1 output at compare match

Initial output is 0 output

Toggle output at compare match

Output disabled

Initial output is 1 output

0 output at compare match

Initial output is 1 output
1 output at compare match

Initial output is 1 output

Toggle output at compare match

Input capture
register

Capture input source is TIOCAO pin
Input capture at rising edge

Capture input source is TIOCAO pin
Input capture at falling edge

Capture input source is TIOCAO pin
Input capture at both edges

Capture input source is channel
1/count clock

Input capture at TCNT_1 count-
up/count-down

[Legend] x: Don't care
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Table 12.11 TIORL_0 (Channel 0)

Bit7 Bit 6 Bit 5 Bit 4
I0D3 10D2 10D1 10D0

Description

TGRD_0
Function

TIOCDO Pin Function

0 0 0 0

Output
compare
register+

Output disabled

Initial output is 0 output
0 output at compare match

Initial output is 0 output
1 output at compare match

Initial output is 0 output
Toggle output at compare match

Output disabled

Initial output is 1 output
0 output at compare match

Initial output is 1 output
1 output at compare match

Initial output is 1 output
Toggle output at compare match

Input capture
register+?

Capture input source is TIOCDO pin
Input capture at rising edge

Capture input source is TIOCDO pin
Input capture at falling edge

Capture input source is TIOCDO pin
Input capture at both edges

Capture input source is channel
1/count clock

Input capture at TCNT_1 count-
up/count-down*'

[Legend]x: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and ¢/1 is used as the TCNT_1
count clock, this setting is invalid and input capture is not generated.

2. When the BFB bitin TMDR_0 is set to 1 and TGRD_O is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 12.12 TIORL_0 (Channel 0)

Description
Bit 3 Bit 2 Bit 1 Bit 0 TGRC_0
I0C3 10C2 10C1 10CO Function TIOCCO Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is 0 output
register*
0 output at compare match
1 0 Initial output is 0 output
1 output at compare match
1 Initial output is 0 output

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output

Toggle output at compare match

1 0 0 0 Input capture  Capture input source is TIOCCO pin
register* Input capture at rising edge
1 Capture input source is TIOCCO pin

Input capture at falling edge

1 x Capture input source is TIOCCO pin
Input capture at both edges

1 X X Capture input source is channel
1/count clock
Input capture at TCNT_1 count-
up/count-down

[Legend] x: Don't care

Note: * When the BFA bitin TMDR_O is set to 1 and TGRC_O0 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 12.13 TIOR_1 (Channel 1)

Description

TIOCB1 Pin Function

Output disabled

Initial output is 0 output
0 output at compare match

Initial output is 0 output
1 output at compare match

Initial output is 0 output
Toggle output at compare match

Output disabled

Initial output is 1 output

0 output at compare match

Initial output is 1 output
1 output at compare match

Initial output is 1 output

Toggle output at compare match

Input capture

Capture input source is TIOCB1 pin
Input capture at rising edge

Capture input source is TIOCB1 pin
Input capture at falling edge

Capture input source is TIOCB1 pin
Input capture at both edges

Capture input source is TGRC_0
compare match/input capture

Input capture at generation of channel
0/TGRC_0 compare match/input
capture

[Legend] x: Don't care
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Table 12.14 TIOR_1 (Channel 1)

Bit 3 Bit 2 Bit 1 Bit 0
I0A3 10A2 I0A1 I0A0

Description

TGRA_1
Function

TIOCA1 Pin Function

0 0 0 0

Output
compare
register

Output disabled

Initial output is 0 output
0 output at compare match

Initial output is 0 output
1 output at compare match

Initial output is 0 output
Toggle output at compare match

Output disabled

Initial output is 1 output

0 output at compare match

Initial output is 1 output
1 output at compare match

Initial output is 1 output
Toggle output at compare match

Input capture
register

Capture input source is TIOCA1 pin
Input capture at rising edge

Capture input source is TIOCA1 pin
Input capture at falling edge

Capture input source is TIOCA1 pin
Input capture at both edges

Capture input source is TGRA_O
compare match/input capture

Input capture at generation of channel
0/TGRA_0 compare match/input
capture

[Legend] x: Don't care
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Table 12.15 TIOR_2 (Channel 2)

Bit7 Bit 6 Bit 5 Bit 4
10B3 10B2 10B1 10B0

Description

TGRB_2
Function

TIOCB2 Pin Function

0 0 0 0

Output
compare
register

Output disabled

Initial output is 0 output
0 output at compare match

Initial output is 0 output
1 output at compare match

Initial output is 0 output
Toggle output at compare match

Output disabled

Initial output is 1 output

0 output at compare match

Initial output is 1 output
1 output at compare match

Initial output is 1 output
Toggle output at compare match

Input capture
register

Capture input source is TIOCB2 pin
Input capture at rising edge

Capture input source is TIOCB2 pin
Input capture at falling edge

Capture input source is TIOCB2 pin
Input capture at both edges

[Legend] x: Don't care
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Table 12.16 TIOR_2 (Channel 2)

Description
Bit 3 Bit 2 Bit 1 Bit 0 TGRA_2
I0OA3 I0A2 I0A1 I0A0 Function TIOCA2 Pin Function
0 0 0 0 Output Output disabled
1 compare Initial output is 0 output
register
0 output at compare match
1 0 Initial output is 0 output
1 output at compare match
1 Initial output is 0 output

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1 output
0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output

Toggle output at compare match

1 X 0 0 Input capture  Capture input source is TIOCA2 pin
register Input capture at rising edge
1 Capture input source is TIOCA2 pin

Input capture at falling edge

1 X Capture input source is TIOCA2 pin
Input capture at both edges

[Legend] x: Don't care
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12.3.4  Timer Interrupt Enable Register (TIER)

TIER controls enabling or disabling of interrupt requests for each channel. The TPU has a total of
three TIER registers, one for each channel.

Bit Bit Name Initial Value R/W Description
7 TTGE 0 R/W A/D Conversion Start Request Enable

Enables or disables generation of A/D conversion start
requests by TGRA input capture/compare match.

0: A/D conversion start request generation disabled
1: A/D conversion start request generation enabled

6 — 1 R Reserved
This bit is always read as 1 and cannot be modified.
5 TCIEU 0 R/W  Underflow Interrupt Enable

Enables or disables interrupt requests (TCIU) by the
TCFU flag when the TCFU flag in TSR is setto 1 in
channels 1 and 2. In channel 0, bit 5 is reserved. It is
always read as 0 and cannot be modified.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled

4 TCIEV 0 R/W  Overflow Interrupt Enable

Enables or disables interrupt requests (TCIV) by the
TCFV flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled

3 TGIED 0 R/W  TGR Interrupt Enable D

Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR is set to 1 in channel
0. In channels 1 and 2, bit 3 is reserved. It is always read
as 0 and cannot be modified.

0: Interrupt requests (TGID) by TGFD disabled
1: Interrupt requests (TGID) by TGFD enabled

Rev.2.00 May. 28, 2009 Page 329 of 732
RENESAS REJ09B0059-0200



Section 12 16-Bit Timer Pulse Unit (TPU)

Bit Bit Name Initial Value R/W Description

2 TGIEC 0 R/W  TGR Interrupt Enable C

Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSR is set to 1 in channel
0. In channels 1 and 2, bit 2 is reserved. It is always read
as 0 and cannot be modified.

0: Interrupt requests (TGIC) by TGFC disabled
1: Interrupt requests (TGIC) by TGFC enabled

1 TGIEB 0 R/W  TGR Interrupt Enable B

Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB disabled
1: Interrupt requests (TGIB) by TGFB enabled

0 TGIEA 0 R/W  TGR Interrupt Enable A

Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is setto 1.

0: Interrupt requests (TGIA) by TGFA disabled
1: Interrupt requests (TGIA) by TGFA enabled
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12.3.5

Timer Status Register (TSR)

TSR indicates the status of each channel. The TPU has a total of three TSR registers, one for each

channel.
Bit Bit Name Initial Value R/W Description
7 TCFD 1 R Count Direction Flag
Status flag that indicates the direction in which TCNT
counts in channels 1 and 2. In channel 0, bit 7 is
reserved. It is always read as 1 and cannot be modified.
0: TCNT counts down
1: TCNT counts up
6 — 1 R Reserved
This bit is always read as 1 and cannot be modified.
5 TCFU 0 R/(W)* Underflow Flag
Status flag that indicates that TCNT underflow has
occurred when channels 1 and 2 are set to phase
counting mode. In channel 0, bit 5 is reserved. It is
always read as 0 and cannot be modified.
[Setting condition]
When the TCNT value underflows (change from H'0000
to H'FFFF)
[Clearing condition]
When 0 is written to TCFU after reading TCFU = 1
4 TCFV 0 R/(W)* Overflow Flag

Status flag that indicates that TCNT overflow has
occurred.

[Setting condition]

When the TCNT value overflows (change from H'FFFF to
H'0000)

[Clearing condition]
When 0 is written to TCFV after reading TCFV = 1
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Bit Bit Name Initial Value R/W Description
3 TGFD 0 R/(W)* Input Capture/Output Compare Flag D
Status flag that indicates the occurrence of TGRD input
capture or compare match in channel 0. In channels 1 and
2, bit 3 is reserved. It is always read as 0 and cannot be
modified.
[Setting conditions]
e When TCNT = TGRD while TGRD is functioning as
output compare register
e When TCNT value is transferred to TGRD by input
capture signal while TGRD is functioning as input
capture register
[Clearing condition]
e When 0 is written to TGFD after reading TGFD = 1
2 TGFC 0 R/(W)* Input Capture/Output Compare Flag C

Status flag that indicates the occurrence of TGRC input
capture or compare match in channel 0. In channels 1 and
2, bit 2 is reserved. It is always read as 0 and cannot be
modified.

[Setting conditions]

e When TCNT = TGRC while TGRC is functioning as
output compare register

e When TCNT value is transferred to TGRC by input
capture signal while TGRC is functioning as input
capture register

[Clearing condition]

e When 0 is written to TGFC after reading TGFC = 1
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Bit Bit Name Initial Value R/W Description

1 TGFB 0 R/(W)* Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB input
capture or compare match.

[Setting conditions]
e When TCNT = TGRB while TGRB is functioning as
output compare register

e When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

[Clearing condition]
e When 0 is written to TGFB after reading TGFB = 1

0 TGFA 0 R/(W)* Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input
capture or compare match.

[Setting conditions]

¢ When TCNT = TGRA while TGRA is functioning as
output compare register

e When TCNT value is transferred to TGRA by input
capture signal while TGRA is functioning as input
capture register

[Clearing condition]

e When 0 is written to TGFA after reading TGFA =1

Note: * Only 0 can be written to clear the flags.

12.3.6 Timer Counter (TCNT)

TCNT is a 16-bit readable/writable counter. The TPU has a total of three TCNT counters, one for
each channel. TCNT is initialized to H'0000 by a reset, and in hardware standby mode. TCNT
cannot be accessed in 8-bit units; it must always be accessed in 16-bit units.
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12.3.7 Timer General Register (TGR)

TGR is a 16-bit readable/writable register with a dual function as output compare and input
capture registers. The TPU has a total of eight TGR registers, four for channel 0 and two each for
channels 1 and 2. TGRC and TGRD for channel 0 can also be designated for operation as buffer
registers. TGR is initialized to HFFFF by a reset, and in hardware standby mode. TGR cannot be
accessed in 8-bit units; it must always be accessed in 16-bit units. TGR and buffer register
combinations are TGRA—TGRC and TGRB—TGRD.

12.3.8 Timer Start Register (TSTR)

TSTR selects TCNT operation/stop for channels O to 2. If the corresponding bit is set to 1, TCNT
starts counting for the channel. When setting the operating mode in TMDR or setting the count
clock in TCR, first stop the TCNT counter.

Bit  Bit Name Initial Value R/W Description

7t03 — All O — Reserved
The write value should always be 0.
2 CST2 0 R/W  Counter Start2t0 0
1 CSTH1 0 R/W  Select operation or stop for TCNT.
0 CSTO 0 R/W If O is written to the CST bit during operation with the

TIOC pin designated for output, the counter stops but the
output compare output level for the TIOC pin is retained.

If TIOR is written to when the CST bit is cleared to 0, the
pin output level will be changed to the set initial output
value.

0: TCNTn count operation is stopped
1: TCNTn performs count operation (n=2100)
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12.3.9  Timer Synchro Register (TSYR)

TSYR selects independent operation or synchronous operation for TCNT in channels O to 2.
Synchronous operation is performed in the channel when the corresponding bit in TSYR is set to
1.

Bit  Bit Name Initial Value @ R/W Description

7t03 — All O — Reserved
The write value should always be 0.
2 SYNC2 0 R/W  Timer Synchro 2 to 0
1 SYNC1 O R/W  Select whether operation is independent of or
0 SYNCO © R/W synchronized with other channels.

When synchronous operation is selected, synchronous
presetting of multiple channels and synchronous clearing
due to counter clearing on another channel are possible.
To set synchronous operation, the SYNC bits for at least
two channels must be set to 1. To set synchronous
clearing, in addition to the SYNC bit, the TCNT clearing
source must also be set by means of bits CCLR2 to
CCLRO in TCR.

0: TCNTn operates independently
(TCNT presetting/clearing is unrelated to other
channels)

1: TCNTn performs synchronous operation
TCNT synchronous presetting/synchronous clearing is
possible (n=2100)

Rev.2.00 May. 28, 2009 Page 335 of 732
RENESAS REJ09B0059-0200



Section 12 16-Bit Timer Pulse Unit (TPU)

124 Interface to Bus Master

12.4.1 16-Bit Registers

TCNT and TGR are 16-bit registers. As the data bus to the bus master is 16 bits wide, these
registers can be read from or written to in 16-bit units.

These registers cannot be read from or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 12.2.

Internal data bus

H
master L : Bus interface

> Module
> data bus

VANVAN

VS

| TCNTH | TCNTL |

Figure 12.2 16-Bit Register Access Operation [Bus Master <> TCNT (16 Bits)]

12.4.2  8-Bit Registers

Registers other than TCNT and TGR are 8 bits. As the data bus to the bus master is 16 bits wide,
these registers can be read from or written to in 16-bit units. They can also be read from or written
to in 8-bit units.

Examples of 8-bit register access operation are shown in figures 12.3, 12.4, and 12.5.
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Internal data bus

: %
o — N— > o
master 1 L :: Bus interface /1 > data bus

TCR

Figure 12.3 8-Bit Register Access Operation [Bus Master <> TCR (Upper 8 Bits)]

Internal data bus

Bus
master L Bus interface

> Module
> data bus

Il

TMDR

Figure 12.4 8-Bit Register Access Operation [Bus Master <> TMDR (Lower 8 Bits)]

Internal data bus

H

master L Bus interface

> Module
> data bus

VA NVZAN

LU

TMDR |

Figure 12.5 8-Bit Register Access Operation [Bus Master <> TCR and TMDR (16 Bits)]
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12.5  Operation

12.5.1 Basic Functions

Each channel has TCNT and TGR. TCNT performs up-counting, and is also capable of free-
running operation, periodic counting, and external event counting. Each TGR can be used as an
input capture register or output compare register.

Counter Operation:

When one of bits CSTO to CST2 in TSTR is set to 1, TCNT for the corresponding channel starts
counting. TCNT can operate as a free-running counter, periodic counter, and so on.

e Example of Count Operation Setting Procedure

Figure 12.6 shows an example of the count operation setting procedure.

o " lecti [1] Select the counter
peration sefection clock with bits

TPSC2 to TPSCO in
TCR. Atthe same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.
- . [2] For periodic counter
( Periodic counter ) ( Free-running counter ) operation, select the
| TGR to be used as
the TCNT clearing

N

Select counter clearing source | [2] source with bits
CCLR2 to CCLRO in
| TCR.
[3] [3] Designate the TGR

Select output compare register selected in [2] as an

output compare
| register by means of
TIOR.

Set period [4]

[4] Set the periodic
| counter cycle in the
- - TGR selected in [2].
Start count operation (5] Start count operation [5] Setthe CST bit in
- - TSTR to 1 to start
<Periodic counter> <Free-running counter>

the counter
operation.

Figure 12.6 Example of Counter Operation Setting Procedure
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Free-Running Count Operation and Periodic Count Operation

Immediately after a reset, the TPU's TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1, the corresponding TCNT counter starts up-
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bit in TSR is set to 1. If the value of the corresponding TCIEV bit in TIER is 1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 12.7 illustrates free-running counter operation.

TCNT value

H'0000

Time

CST bit

TCFV

Figure 12.7 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, TCNT for the relevant channel
performs periodic count operation. TGR for setting the period is designated as an output
compare register, and counter clearing by compare match is selected by means of bits CCLR2
to CCLRO in TCR. After the settings have been made, TCNT starts up-count operation as a
periodic counter when the corresponding bit in TSTR is set to 1. When the count value
matches the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
interrupt. After a compare match, TCNT starts counting up again from H'0000.

Figure 12.8 illustrates periodic counter operation.
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TCNT value
TGR

H'0000

Counter cleared by TGR
.~ compare match

Time

CST bit

TGF

Flag cleared by software
e \

Figure 12.8 Periodic Counter Operation

Waveform Output by Compare Match:

The TPU can perform 0, 1, or toggle output from the corresponding output pin using compare

match.

e Example of Setting Procedure for Waveform Output by Compare Match

Figure 12.9 shows an example of the setting procedure for waveform output by compare

match.

C Output selection

)

Select waveform output mode

Set output timing

Start coun

t operation

<Waveform output>

[1] Select 0 output or 1 output for the initial value, and
0 output, 1 output, or toggle output for the compare
match output value, by means of TIOR. The
set initial value is output at the TIOC pin until the
first compare match occurs.
[1] [2] Set the timing for compare match generation in

TGR.
[3] Setthe CST bitin TSTR to 1 to start the count
operation.
(2]
[3]

Figure 12.9 Example of Setting Procedure for Waveform Output by Compare Match

Rev.2.00 May. 28, 2009 Page 340 of 732

REJ09B0059-0200

RENESAS




Section 12 16-Bit Timer Pulse Unit (TPU)

Examples of Waveform Output Operation
Figure 12.10 shows an example of 0 output/1 output.

In this example TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level matches the pin level, the pin level does not change.

TCNT value

=

TGRA |-mmmmmmmeee T e T
TGRB |--oo o R . AR R~ dommmemeeeeoas
H'0000 : ; : ; : ; Time

' | ' ~Nochange -~ No change

: | : ™~ : ™~ 1 output
TIOCA : ; |
TIOCB | -~ No change i~ No change 0 output

& N

Figure 12.10 Example of 0 Output/1 Output Operation

Figure 12.11 shows an example of toggle output.

In this example TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output is toggled by both
compare match A and compare match B.

TCNT value

R =

TGRB |- === mmmmm o s o oo e e

TGRA oot e

Time

H'0000 ; ; ; ;

TIoCE ! | | | | Toggle output
TIOCA | | | | Toggle output

Figure 12.11 Example of Toggle Output Operation
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Input Capture Function:

The TCNT value can be transferred to TGR on detection of the TIOC pin input edge. Rising edge,
falling edge, or both edges can be selected as the detected edge.

Note: When another channel’s counter input clock is used as the input capture input for channel
0, ¢/1 should not be selected as the counter input clock used for input capture input. Input
capture will not be generated if ¢/1 is selected. Another channel’s counter input clock or
compare-match signal can be used as the input capture source for channels 0 and 1.

e Example of Setting Procedure for Input Capture Operation

Figure 12.12 shows an example of the setting procedure for input capture operation.

) [1] Designate TGR as an input capture register by
Input selection means of TIOR, and select rising edge, falling

edge, or both edges as the input capture source
and input signal edge.

[2] setthe CST bitin TSTR to 1 to start the count
operation.

Select input capture input [1]

Start counting [2]

<Input capture operation>

Figure 12.12 Example of Setting Procedure for Input Capture Operation
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Example of Input Capture Operation
Figure 12.13 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value input (falling edge)
H'0180 |- === == s mmmm o s ) e

L 0 T« U T T e T

1070 o J e N [ N S o (S

H'0005 |- - - - - Y- e e LR I R = i \ ___________
H0000 = ; T Time

TGRB X X H'0180

Figure 12.13 Example of Input Capture Operation
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12.5.2  Synchronous Operation

In synchronous operation, the values in a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing). Synchronous
operation enables TGR to be incremented with respect to a single time base. Channels 0 to 2 can
all be designated for synchronous operation.

Example of Synchronous Operation Setting Procedure:

Figure 12.14 shows an example of the synchronous operation setting procedure.

Synchronous operation
selection
Set synchronous 1]
operation
(Synchronous presetting) ( Synchronous clearing)
| Set TCNT | [2] Clearing No
source generation
channel?

<Synchronous presetting>

L

operation.

| Select counter |[3] | Set synchronous | [4]
clearing source counter clearing
| Start counting |[5] | Start counting | [5]

|

<Counter clearing>

|

<Synchronous clearing>

Set 1 to the SYNC bits in TSYR corresponding to the channels to be designated for synchronous

[2] When TCNT of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT.

[3

etc.
[4

source.
[5

Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,
Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing

Set 1 to the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 12.14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation:
Figure 12.15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGRB_0 compare match has been set as the channel O counter clearing source, and
synchronous clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCAO, TIOCA1, and TIOCA2. At this
time, synchronous presetting, and synchronous clearing by TGRB_0 compare match, are
performed for the TCNT counters in channels 0 to 2, and the data set in TGRB_0 is used as the
PWM cycle.

For details on PWM modes, see section 12.5.5, PWM Modes.

Synchronous clearing by TGRB_0 compare match

TCNTO to TCNT2 values / \

TGRB_OF---m - T
TGRB_1f----==mmmmmmmmmm e S R
TGRA_Of-------------; R GARREEE EEEEEEEEEEEEES
TGRB_2---------; -------------- . -------------
TGRA_1------A-- ------------- ﬂ -----------
ToRA 2| A : : : ! :

H'0000 Time

TIOCAO

TIOCA1

TIOCA2 | | | | | |

Figure 12.15 Example of Synchronous Operation
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12.5.3  Buffer Operation

Buffer operation, provided for channel 0, enables TGRC and TGRD to be used as buffer registers.
Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register. Table 12.17 shows the register combinations used in
buffer operation.

Table 12.17 Register Combinations in Buffer Operation

Channel Timer General Register Buffer Register
0 TGRA_O TGRC_O
TGRB_0 TGRD_0

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register. This operation is illustrated in figure 12.16.

Compare match signal

Timer general N

. 1
Buffer register register | Comparator [ TCNT

Figure 12.16 Compare Match Buffer Operation

e When TGR is an input capture register
When input capture occurs, the value in TCNT is transferred to TGR and the value previously
stored in the timer general register is transferred to the buffer register. This operation is
illustrated in figure 12.17.

Input capture
signal

Timer general

h TCNT
register

Buffer register

Figure 12.17 Input Capture Buffer Operation
Example of Buffer Operation Setting Procedure:

Figure 12.18 shows an example of the buffer operation setting procedure.
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C Buffer operation

)

Select TGR function

Set buffer operation

Start counting

|

<Buffer operation>

[1] Designate TGR as an input capture register or
output compare register by means of TIOR.

[2] Designate TGR for buffer operation with bits
BFA and BFB in TMDR.

[3] Set the CST bitin TSTR to 1 to start the count
operation.

Figure 12.18 Example of Buffer Operation Setting Procedure

Examples of Buffer Operation:

When TGR is Output Compare Register

Figure 12.19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in this example are TCNT clearing by compare match B, 1 output at compare match A, and 0

output at compare match B.

As buffer operation has been set, when compare match A occurs the output changes and the
value in buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.

For details on PWM modes, see section 12.5.5, PWM Modes.

TCNT value

TGRB_0

TGRA 0 |-— -
H'0000

Time

— ST

SRS PCEEE VY P TR

B> ey i H

TGRC_0 H0200 ! H'0450 ' H0520
Transfer i i \ N i
TGRA 0 H'0200 ! ! H0450 X:

TIOCA | | | |

!

:l-

Figure 12.19 Example of Buffer Operation (1)
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e When TGR is Input Capture Register
Figure 12.20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.
Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.
As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

0

HOQFB | = -mmmmmmmm e

HO532 | ---cmmmmgmmmmme e e e A

H'0000 Time

TIOCA

TGRA E :X H'0532 ;X H'OF07 :X H'09FB
| \ \ \

TGRC i X X H'0532 X H'OF07

Figure 12.20 Example of Buffer Operation (2)
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12.54  Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 counter clock at overflow/underflow of TCNT_2 as
set in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT is in phase counting mode.
Table 12.18 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1, the counter clock setting is invalid and the
counter operates independently in phase counting mode.

Table 12.18 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_1 TCNT_2

Example of Cascaded Operation Setting Procedure:

Figure 12.21 shows an example of the setting procedure for cascaded operation.

) [1] Set bits TPSC2 to TPSCO in the channel 1 TCR
C Cascaded operation ) to B'111 to select TCNT_2 overflow/underflow
| counting.
[2] Set the CST bitin TSTR for the upper and lower
Set cascading [1 channel to 1 to start the count operation.
Start counting [2]

'

<Cascaded operation>

Figure 12.21 Cascaded Operation Setting Procedure
Examples of Cascaded Operation:

Figure 12.22 illustrates the operation when counting upon TCNT_2 overflow/underflow has been
set for TCNT_1, TGRA_1 and TGRA_2 have been designated as input capture registers, and the
TIOC pin rising edge has been selected.
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When a rising edge is input to the TIOCA1 and TIOCA2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGRA_1, and the lower 16 bits to TGRA_2.

TCNT_1 |_|
clock

TCNT_1 H'03A1 X H'03A2

TCNT_2 I_l I_l
clock

TCNT_2  HFFFE X H'0000 X H'0001
TIOCAL,
TIOCA2 I L

TGRA_1 X H03A2

TGRA_2 X H'0000

Figure 12.22 Example of Cascaded Operation (1)

Figure 12.23 illustrates the operation when counting upon TCNT_2 overflow/underflow has been
set for TCNT_1, and phase counting mode has been designated for channel 2.

TCNT_1 is incremented by TCNT_2 overflow and decremented by TCNT_2 underflow.

TCLKC _,—l—l I—,_

oo — 1 — [
TCNT_2 YerFDX_FrFE_YEFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

TCNT_1 0000 X 0001 X 0000

Figure 12.23 Example of Cascaded Operation (2)
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12.5.5 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Settings of TGR registers can output a PWM waveform in the range of 0% to 100% duty.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.
PWM Mode 1:

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The value specified by bits IOA3 to IOA0 and IOC3 to IOCO in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the value specified by
bits IOB3 to IOB0 and IOD3 to IODO in TIOR is output at compare matches B and D. The initial
output value is the value set in TGRA or TGRC. When the set values of paired TGRs are identical,
the output value does not change even if a compare match occurs.

In PWM mode 1, a maximum 4-phase PWM output is possible.
PWM Mode 2:

PWM output is generated using one TGR as the periodic register and the others as duty registers.
The value specified in TIOR is output by means of compare matches. Upon counter clearing by a
synchronous register compare match, the output value of each pin is the initial value set in TIOR.
When the set values of the periodic and duty registers are identical, the output value does not
change even if a compare match occurs.

In PWM mode 2, a maximum 7-phase PWM output is possible by combined use with synchronous
operation.

The correspondence between PWM output pins and registers is shown in table 12.19.
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Table 12.19 PWM Output Registers and Output Pins

Output Pins

Channel Registers PWM Mode 1 PWM Mode 2

0 TGRA_O TIOCAO TIOCAO
TGRB_0 TIOCBO
TGRC_0 TIOCCO TIOCCO
TGRD_0 TIOCDO

1 TGRA_1 TIOCA1 TIOCA1
TGRB_1 TIOCBH1

2 TGRA_2 TIOCA2 TIOCA2
TGRB_2 TIOCB2

Note: In PWM mode 2, PWM output is not possible for TGR in which the period is set.

e Example of PWM Mode Setting Procedure

Figure 12.24 shows an example of the PWM mode setting procedure.

C PWM mode >

Select counter clock

Select counter clearing source

Select waveform output level

Set TGR

Set PWM mode

Start counting

<PWM mode>

[1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. Atthe same time, select the
input clock edge with bits CKEG1 and CKEGO
in TCR.

[2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

[3] Use TIOR to designate the TGR as an output
compare register, and select the initial value and
output value.

[4] Set the period in the TGR selected in [2], and set
the duty in the other TGR.

[5] Select the PWM mode with bits MD3 to MDO in
TMDR.

[6] Setthe CST bitin TSTR to 1 to start the count
operation.

Figure 12.24 Example of PWM Mode Setting Procedure
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Examples of PWM Mode Operation
Figure 12.25 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set as the TCNT clearing source, O is set for the
TGRA initial output value and output value, and 1 is set as the TGRB output value. In this
case, the value set in TGRA is used as the period, and the value set in TGRB as the duty.

TCNT value Counter cleared by

TGRA compare match
] =

TGRB | ocooe? e e T
H'0000

TIOCA J i_i |_i i

Figure 12.25 Example of PWM Mode Operation (1)
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Figure 12.26 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGRB_1 compare
match is set as the TCNT clearing source, and 0 is set for the initial output value and 1 for the
output value of the other TGR registers (TGRA_0 to TGRD_0, TGRA_1), to output a 5-phase
PWM waveform. In this case, the value set in TGRB_1 is used as the period, and the values set
in the other TGRs as the duty.

Counter cleared by
TCNT value TGRB_1 compare match

N ) —
] ]

Figure 12.26 Example of PWM Mode Operation (2)
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Figure 12.27 shows examples of PWM waveform output with 0% duty and 100% duty in
PWM mode.

TCNT value
TGRB rewritten

TGRA

TGRB rewritten
L~

TIOCA | 0% duty : I

Output does not change when periodic register and duty register
compare matches occur simultaneously

TCNT value

TGRB rewritten

TGRA

Time

o
o
0O
>

100% duty |_|

Output does not change when periodic register and duty
register compare matches occur simultaneously

TCNT value
TGRB rewritten >->—————
TGRA T e g }
|
I

TGRB rewritten

rewritten
Time

100% duty 0% duty

e pa v}

TIOCA 4

Figure 12.27 Example of PWM Mode Operation (3)
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12.5.6 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT is incremented/decremented accordingly. This mode can be set for channels 1 and 2.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the settings of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, since the functions of bits CCLR1 and CCLRO in TCR,
and of TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions
can be used.

When an overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when an
underflow occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 12.20 shows the correspondence between external clock pins and channels.

Table 12.20 Clock Input Pins for Phase Counting Mode

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

Example of Setting Procedure for Phase Counting Mode:

Figure 12.28 shows an example of the setting procedure for phase counting mode.

C Phase counting mode ) [1] Select phase counting mode with bits MD3 to
MDO in TMDR.

| [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Select phase counting mode | [1]

Start counting [2]

|

<Phase counting mode>

Figure 12.28 Example of Setting Procedure for Phase Counting Mode
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Examples of Phase Counting Mode Operation:

In phase counting mode, TCNT counts up or down according to the phase difference between two

external clocks. There are four modes, according to the count conditions.

e Phase Counting Mode 1

Figure 12.29 shows an example of phase counting mode 1 operation, and table 12.21

summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2)

TCLKB (channel 1)
TCLKD (channel 2)

TCNT value

' Yo Lo
'‘Down-count !
1 N 1 1

Time

Figure 12.29 Example of Phase Counting Mode 1 Operation

Table 12.21 Up/Down-Count Conditions in Phase Counting Mode 1

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Up-count
Low level v

2y Low level

A High level

High level A Down-count
Low level vy

Ny High level

v Low level

[Legend]

_k : Rising edge

Y_: Falling edge

RENESAS
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e Phase Counting Mode 2

Figure 12.30 shows an example of phase counting mode 2 operation, and table 12.22
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2)

TCLKB (channel 1)

TCLKD (channel 2)

TCNT value

V I :

L

L

Time

Figure 12.30 Example of Phase Counting Mode 2 Operation

Table 12.22 Up/Down-Count Conditions in Phase Counting Mode 2

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Yy Don't care
Low level A Don't care
2y Low level Don't care
A High level Up-count
High level A Don't care
Low level Y Don't care
Ny High level Don't care
A Low level Down-count
[Legend]

_k :Rising edge

Y_: Falling edge
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e Phase Counting Mode 3

Figure 12.31 shows an example of phase counting mode 3 operation, and table 12.23
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2)

TCLKB (channel 1)
TCLKD (channel 2)

TCNT value

S I S I B B

N

' | ' Down-count
j(V T !

L TL

Time

Figure 12.31 Example of Phase Counting Mode 3 Operation

Table 12.23 Up/Down-Count Conditions in Phase Counting Mode 3

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Don't care
Low level v Don't care
Ny Low level Don't care
A High level Up-count
High level A Down-count
Low level Y Don't care
Ny High level Don't care
v Low level Don't care
[Legend]

_k : Rising edge

“Y_: Falling edge
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e Phase Counting Mode 4

Figure 12.32 shows an example of phase counting mode 4 operation, and table 12.24

summarizes the TCNT up/down-count conditions.

TCLKA (channel 1) J
TCLKC (channel 2)

LI

TCLKB (channel 1) | |
TCLKD (channel 2)

TCNT value

Time

Figure 12.32 Example of Phase Counting Mode 4 Operation

Table 12.24 Up/Down-Count Conditions in Phase Counting Mode 4

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Up-count
Low level T

2y Low level Don't care
A High level

High level A Down-count
Low level vy

Ny High level Don't care
A Low level

[Legend]

_k :Rising edge

“Y_: Falling edge
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12.6  Interrupt Sources

12.6.1 Interrupt Source and Priority

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disable
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt source is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0. Relative channel priorities can be
changed by the interrupt controller, but the priority within a channel is fixed. For details, see
section 5, Interrupt Controller. Table 12.25 lists the TPU interrupt sources.

Table 12.25 TPU Interrupts

Channel Name Interrupt Source Interrupt Flag Priority*
0 TGIOA TGRA_O input capture/compare match TGFA High
TGIOB TGRB_0 input capture/compare match TGFB A
TGIoC TGRC_0 input capture/compare match TGFC
TGIOD TGRD_0 input capture/compare match TGFD
TCIoV TCNT_O overflow TCFV
1 TGHA TGRA_1 input capture/compare match TGFA
TGI1B TGRB_1 input capture/compare match TGFB
TCIHV TCNT_1 overflow TCFV
TCHU TCNT_1 underflow TCFU
2 TGI2A TGRA_2 input capture/compare match TGFA
TGI2B TGRB_2 input capture/compare match TGFB
TCl2Vv TCNT_2 overflow TCFV
TCI2U TCNT_2 underflow TCFU Low

Note: * This table shows the initial state immediately after a reset. The relative channel
priorities can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt:

An interrupt is requested if the TGIE bit in TIER is set to 1 when the TGF flag in TSR is set to 1
by the occurrence of a TGR input capture/compare match on a particular channel. The interrupt
request is cleared by clearing the TGF flag to 0. The TPU has a total of eight input
capture/compare match interrupts, four for channel 0, and two each for channels 1 and 2.

Overflow Interrupt:

An interrupt is requested if the TCIEV bit in TIER is set to 1 when the TCFV flag in TSR is set to
1 by the occurrence of TCNT overflow on a channel. The interrupt request is cleared by clearing
the TCFV flag to 0. The TPU has a total of three overflow interrupts, one for each channel.

Underflow Interrupt:

An interrupt is requested if the TCIEU bit in TIER is set to 1 when the TCFU flag in TSR is set to
1 by the occurrence of TCNT underflow on a channel. The interrupt request is cleared by clearing
the TCFU flag to 0. The TPU has a total of two underflow interrupts, one each for channels 1 and
2.

12.6.2 A/D Converter Activation

The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, a request to start A/D conversion is
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at this time, A/D conversion is started.

In the TPU, a total of three TGRA input capture/compare match interrupts can be used as A/D
conversion start sources, one for each channel.
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12.7  Operation Timing

12.7.1 Input/Output Timing
TCNT Count Timing:

Figure 12.33 shows TCNT count timing in internal clock operation, and figure 12.34 shows TCNT
count timing in external clock operation.

P I O

Internal clock (|2 Falling edge (I}{ising edge |

PR NN s I I

input clock

TCNT N-1 X N X N+1 X N+2

Figure 12.33 Count Timing in Internal Clock Operation

PR I I O A

External clock Falling edge WQ edge (I)\Falling edge
TCNT | | | | | |

input clock

TCNT N-1 X N X N+1 X N+2

Figure 12.34 Count Timing in External Clock Operation
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Output Compare Output Timing:

A compare match signal is generated in the final state in which TCNT and TGR match (the point
at which the count value matched by TCNT is updated). When a compare match signal is
generated, the output value set in TIOR is output at the output compare output (TIOC) pin. After a
match between TCNT and TGR, the compare match signal is not generated until the TCNT input
clock is generated. Figure 12.35 shows output compare output timing.

N I I O A O A O A O R R
TCNT |_|

input clock

TCNT N X N+1

TGR

Compare | |

match signal

TIOC pin X

Figure 12.35 Output Compare OQutput Timing
Input Capture Signal Timing:

Figure 12.36 shows input capture signal timing.

o T UL L L
Input capture

input | |
Input capture I I
signal | |

v Y w1 Y e )
. .
TGR X N X N+2

C

TCNT X

Figure 12.36 Input Capture Input Signal Timing
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Timing for Counter Clearing by Compare Match/Input Capture:

Figure 12.37 shows the timing when counter clearing by compare match occurrence is specified,
and figure 12.38 shows the timing when counter clearing by input capture occurrence is specified.

A I

Compare
match signal

Counter
clear signal

H'0000

TCNT N

TGR N

Figure 12.37 Counter Clear Timing (Compare Match)

Input capture |
signal |

Counter clear

signal
TCNT N X H'0000
TGR X N

Figure 12.38 Counter Clear Timing (Input Capture)
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Buffer Operation Timing:

Figures 12.39 and 12.40 show the timing in buffer operation.

A [ I I I A

TCNT

Compare ‘ |
match signal

=

n+l

TGRA,

TGRB N

S

TGRC,
TGRD

P4

Figure 12.39 Buffer Operation Timing (Compare Match)

A [ I I O A I

Input capture
signal

X N+1

TCNT N

am
am

TGRA,

TGRB N+1

=]

=<
P

=<

TGRC,
TGRD

/L
/L

Figure 12.40 Buffer Operation Timing (Input Capture)
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12.7.2  Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match:

Figure 12.41 shows the timing for setting of the TGF flag in TSR by compare match occurrence,
and TGI interrupt request signal timing.

A [ O

TCNT input
clock

TCNT

TGR

Compare
match signal

TGF flag

TGl interrupt

Figure 12.41

TGI Interrupt Timing (Compare Match)
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TGF Flag Setting Timing in Case of Input Capture:

Figure 12.42 shows the timing for setting of the TGF flag in TSR by input capture occurrence, and
TGI interrupt request signal timing.

S I O S R S

Input capture

signal ‘ |
TCNT N E

N\
TGR X N
TGF flag |

TGl interrupt |

Figure 12.42 TGI Interrupt Timing (Input Capture)
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TCFYV Flag/TCFU Flag Setting Timing:

Figure 12.43 shows the timing for setting of the TCFV flag in TSR by overflow occurrence, and
TCIV interrupt request signal timing. Figure 12.44 shows the timing for setting of the TCFU flag
in TSR by underflow occurrence, and TCIU interrupt request signal timing.

¢ I I O o A
TCNT input | |
clock

(;(;:,\:I-LW) H'FFFF X H'0000
Overflow | |

signal

TCFV flag

TCIV interrupt

Figure 12.43 TCIV Interrupt Setting Timing

LS I O I O I
TCNT | |
input clock

TCNT ' :
(underflow) H'0000 X H'EEEE
Underflow |_|
signal
TCFU flag l

TCIU interrupt |

Figure 12.44 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing:

After a status flag is read as 1 by the CPU, it is cleared by writing O to it. Figure 12.45 shows the
timing for status flag clearing by the CPU.

TSR write cycle

|<L,|<L..I
o UL L
Address X TSR address X
Write signal | |
Status flag |
Interrupt
request |
signal

Figure 12.45 Timing for Status Flag Clearing by CPU
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12.8  Usage Notes

Input Clock Restrictions:

The input clock pulse width must be at least 1.5 states in the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. The TPU will not operate properly with a
narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 12.46 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- ,

\ , differ-, , ’ , . .
. Overlap | gnce ‘Overlap: ence . Pulse width ! Pulse width !

TCLKA ' ;
(TCLKC) | : :

TCLKB :
(TCLKD)

L

'
'
'
'
——— '
' '
'
'
'
d
'
'

Pulse width Pulse width

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure 12.46 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
Caution on Period Setting:

When counter clearing by compare match is set, TCNT is cleared in the final state in which it
matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:

_ ¢
(N+1)

Where f: Counter frequency
¢: Operating frequency
N: TGR set value
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Contention between TCNT Write and Clear Operations:

If the counter clear signal is generated in the T2 state of a TCNT write cycle, TCNT clearing takes
priority and the TCNT write is not performed. Figure 12.47 shows the timing in this case.

TCNT write cycle

Tl T2
o——t—
¢ UL L e
Address X TCNT address X

Write signal | |
Counter clear | |
signal

TCNT N X H'0000

Figure 12.47 Contention between TCNT Write and Clear Operations
Contention between TCNT Write and Increment Operations:

If incrementing occurs in the T2 state of a TCNT write cycle, the TCNT write takes priority and
TCNT is not incremented. Figure 12.48 shows the timing in this case.

TCNT write cycle

[t
T L L
Address X TCNT address X

Write signal

clock

TCNT input | |
-

TCNT N M

TCNT write data

Figure 12.48 Contention between TCNT Write and Increment Operations
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Contention between TGR Write and Compare Match:

If a compare match occurs in the T2 state of a TGR write cycle, the TGR write takes priority and
the compare match signal is disabled. A compare match does not occur even if the same value as
before is written to. Figure 12.49 shows the timing in this case.

TGR write cycle

ety T2
JUU LU L
Address X TGR address X
Write signal | |
Compare . H )
) H +— Disabled
match signal H '
TCNT N X N+1
TGR N X . M

TGR write data

Figure 12.49 Contention between TGR Write and Compare Match
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Contention between Buffer Register Write and Compare Match:

If a compare match occurs in the T2 state of a TGR write cycle, the data transferred to TGR by the
buffer operation will be the write data. Figure 12.50 shows the timing in this case.

TGR write cycle
T T

[t

 JU U
e X

Write signal | |

Compare I_l
match signal

Buffer X a
register

TGR X

Buffer register write data

z4++=

Figure 12.50 Contention between Buffer Register Write and Compare Match

Rev.2.00 May. 28, 2009 Page 374 of 732
REJ09B0059-0200 RENESAS



Section 12 16-Bit Timer Pulse Unit (TPU)

Contention between TGR Read and Input Capture:

If the input capture signal is generated in the T1 state of a TGR read cycle, the data that is read
will be the data after input capture transfer. Figure 12.51 shows the timing in this case.

TGR read cycle

ety T2
Ly L
Address X TGR address X

Read signal | |
Input capture | |
signal

TGR X X M

Internal X M X

data bus

Figure 12.51 Contention between TGR Read and Input Capture
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Contention between TGR Write and Input Capture:

If the input capture signal is generated in the T2 state of a TGR write cycle, the input capture
operation takes priority and the write to TGR is not performed. Figure 12.52 shows the timing in
this case.

TGR write cycle

ety T2
' UL L e
Address X TGR address X

Write signal

Input capture
signal

TCNT

TGR

L aC

Figure 12.52 Contention between TGR Write and Input Capture
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Contention between Buffer Register Write and Input Capture:

If the input capture signal is generated in the T2 state of a buffer register write cycle, the buffer
operation takes priority and the write to the buffer register is not performed. Figure 12.53 shows
the timing in this case.

Buffer register write cycle
T T,

[

SR I A O
T

Write signal

Input capture
signal

TCNT

TGR M

Buffer
register

LAY

Figure 12.53 Contention between Buffer Register Write and Input Capture
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Contention between Overflow/Underflow and Counter Clearing:

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flag in TSR is
not set and TCNT clearing takes priority. Figure 12.54 shows the operation timing when a TGR
compare match is specified as the clearing source, and H'FFFF is set in TGR.

(S O I I O O
TCNT input
clock

TCNT H'FFFF X H'0000
Counter

clear signal

TGF |

Disabled R L
TCFV B

Figure 12.54 Contention between Overflow and Counter Clearing
Contention between TCNT Write and Overflow/Underflow:

If there is an up-count or down-count in the T2 state of a TCNT write cycle and
overflow/underflow occurs, the TCNT write takes priority and the TCFV/TCFU flag in TSR is not
set. Figure 12.55 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

LR T2
| T 1
Address X TCNT address X
Write signal | | .
/ TCNT write data
TCNT H'FFFF X M

TCFV flag 1

Figure 12.55 Contention between TCNT Write and Overflow
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Multiplexing of 1/O Pins:

In this LSI, the TCLKA input pin is multiplexed with the TIOCCO I/O pin, the TCLKB input pin
with the TIOCDO I/O pin, the TCLKC input pin with the TIOCB1 I/O pin, and the TCLKD input
pin with the TIOCB2 I/O pin. When an external clock is input, compare match output should not
be performed from a multiplexed pin.

Interrupts in Module Stop Mode:

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source. Interrupts should therefore be disabled before entering module stop
mode.
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Section 13 Timer Connection

This LSI incorporates the timer connection with two channels. The timer connection allows
interconnection by using the combination of input pins and I/O for a 16-bit free-running timer
(FRT) and 8-bit timer (TMR1, TMRX, and TMRY). This capability can be used to implement
complex functions such as PWM decoding and clamp waveform output.

13.1 Features

e Eight input pins and four output pins, all of which can be designated for phase.
Five input pins for channel 0 and three input pins for channel 1
Positive logic is assumed for all signals used within the timer connection facility.
e An edge-detection circuit is connected to the input pins, simplifying signal input detection.
e TMRX can be used for PWM input signal decoding.
e TMRX can be used for clamp waveform generation.
e An external clock signal divided by TMRI1 can be used as the FRT capture input signal.
e An internal synchronization signal can be generated using the FRT and TMRY.

e A signal generated/modified using an input signal and timer connection can be selected and
output.

This LSI incorporates the timer connection with two channels and some output pins are shared.
Figure 13.1 shows a schematic diagram of the timer connection.
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Connection

VSYNCI_0
HSYNCI_0
CSYNCI_0

VFBACKI_0

HFBACKI_0

VSYNCI_1
HSYNCI_1

CSYNCI_1

Timer connection
Channel 0

» CBLANK
= CLAMPO

HSYNCO_0

VSYNCO_0

\

HSYNCO
output selection

— HSYNCO

—

Timer connection
Channel 1

HSYNCO_1

VSYNCO 1

VSYNCO

_ | output selection

— VSYNCO

Figure 13.1 Schematic Diagram of Timer Connection
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Figure 13.2 shows a block diagram of the timer connection. The configuration of the timer

connection is the same in channels 0 and 1. However, the HFBACKI and VFBACKI inputs are
not available in channel 1.

Edge
detectiol

VSYNCI 0O Phase IfEAD
I FTIA Tdge inversion v flag IVI signal
VFBACKI Cdetecuun Phase | o] signal r IVO Phase
/FTIB inversion SET signal [ inversion
RVEV'Ié? VSYNC modify election| FRT
—T m output
] electior VSYNCO
— FTIA 16 bit FRT FTOA FO/Froa
iﬁm’[ T WFTIB[OcRA svR. +vr [CMAR)—| SET [®IVG signal | IVO signal
Fric O I Fic|ICRD +1M, +2M |opae) m— RES VSYNC
tion compare match generator
1 ®MFTID FTOB
g CM1MCM2M
T T
SET RES
2f H mask generator
2fH mask/ flag
FRT
output
election|
B
CBLANK Phase I— HO CBLANK
waveform generator |inversion IFTOB
I— TMR_Y
signal
ion| gy TMRI/TMCI
8 bit TMR_Y IHG signal
TMO O T™MOY
Phase
] IHO inversion
1 signal TMO1
1l | |selection| output
Do—| MR 1 FfiTMEL cmB selection) _ isynco
input 8 bit TMO C )/TM01
selection TMR_1
[ HTMRI
PDC signal
< IHI signal WM decode L— CL4 generator
HSYNCI O Iln?/grasswgn B &
-
e de%chtieon IHI 8bhitTMR X CMB CL4 signal
csynel O 1 Signal TMRX | gTMRI IcR o °
inversion selection inpu TMOX
/FTID —selection| [/ "M ICR +1C
detection compare match
HFBACKI O . Cvicl_omP cmA
TETCI inversion T T cisoal ]
| CLL signal cLo
CLAMP waveform generator ~ |-—-2-8inal Signal Phase FLAMPO
RHEAD 9 CL3 signal election™;hversion FTIC
a
™X O

Figure 13.2 Block Diagram of Timer Connection
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13.2  Input/Output Pins
Table 13.1 lists the timer connection input and output pins.

Table 13.1 Pin Configuration

Channel Name Abbreviation 1/0

Function

0 Vertical VSYNCI_0 Input
synchronization
signal input pin

Vertical synchronization signal
input pin or FTIA_O input pin

Horizontal HSYNCI_0 Input
synchronization
signal input pin

Horizontal synchronization signal
input pin or TMI1_0 input pin

Composite CSYNCI_0 Input
synchronization
signal input pin

Composite synchronization
signal input pin or FTID_O input
pin

Spare vertical VFBACKI_O Input
synchronization
signal input pin

Spare vertical synchronization
signal input pin or FTIB_O input
pin

Spare horizontal HFBACKI_0 Input
synchronization
signal input pin

Spare horizontal synchronization
signal input pin or FTCI_O input
pin

Clamp waveform CLAMPO Output Clamp waveform output pin or
output pin FTIC_O input pin
Blanking CBLANK Output Blanking waveform output pin or
waveform output FTOB_O0 output pin
pin

1 Vertical VSYNCI_1 Input Vertical synchronization signal

synchronization
signal input pin

input pin or FTIA_1 input pin

Horizontal HSYNCI_1 Input
synchronization
signal input pin

Horizontal synchronization signal
input pin or TMI1_1 input pin

Composite CSYNCI_1 Input
synchronization
signal input pin

Composite synchronization
signal input pin or FTID_1 input
pin

Common  Vertical VSYNCO Output
synchronization
signal output pin

Vertical synchronization signal
output pin or FTOA_O output pin

Horizontal HSYNCO Output
synchronization
signal output pin

Horizontal synchronization signal
output pin or TMO1_0 output pin

Note: Channels 0 and 1 are omitted in this manual.
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13.

3  Register Descriptions

The timer connection has the following registers in each channel.

13.3.1

Timer connection register I (TCONRI)

Timer connection register O (TCONRO)
Timer connection register S (TCONRS)

Edge sense register (SEDGR)

Timer extended control register (TECR)

Timer Connection Register I (TCONRI)

TCONRI controls connection between timers, the signal source for synchronization signal input,

phase inversion, etc.

Bit

Bit Name

Initial Value

R/W  Description

7
6

SIMOD1
SIMODO

0
0

R/W
R/W

Input Synchronization Mode Select 1, 0

Select the signal source of the IHI and IVI signals.

o
00:
01:
10:
11:
o

00:
01:
10:
11:
o

00:
01:
10:
11:

Mode

No signal

S-on-G mode

Composite mode

Separate mode

IHI Signal

HFBACKI input (setting prohibited for channel 1)
CSYNCI input

HSYNCI input

HSYNCI input

IVI Signal

VFBACKI input (setting prohibited for channel 1)
PDC input

PDC input

VSYNCI input

5

SCONE

0

R/W

Synchronization Signal Connection Enable

Selects the signal source of the FTI input for the
FRT, TMI1 input for the TMR1, and TMIX input for
the TMRX. For details, see table 13.2.
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Bit

Bit Name

Initial Value

R/W

Description

4

ICST

0

R/W

Input Capture Start Bit

The TMRX external reset input (TMRIX) is
connected to the IHI signal. The TMRX has input
capture registers (TICR, TICRR, and TICRF). TICRR
and TICRF can measure the width of a short pulse
by means of a single capture operation under the
control of the ICST bit. When a rising edge followed
by a falling edge is detected on the TMRIX after the
ICST bit is set to 1, the contents of TCNT at those
points are captured into TICRR and TICRF,
respectively, and the ICST bit is cleared to 0.

0: Input capture function of TICRR and TICRF is
halted

[Clearing condition]

When a rising edge followed by a falling edge is
detected on TMRIX

1: Input capture function of TICRR and TICRF is
operating (Waiting for the time when a rising edge
followed by a falling edge is detected on TMRIX)

[Setting condition]
When 1 is written to ICST after reading ICST =0

3

HFINV

0

R/W

Spare Horizontal Synchronization Signal Inversion

Selects inversion of the input phase of the spare
horizontal synchronization signal (HFBACKI). This
bit is reserved in channel 1. The initial value should
not be changed.

0: The HFBACKI pin state is used directly as the
HFBACKI input

1: The HFBACKI pin state is inverted before use as
the HFBACKI input

2

VFINV

0

R/W

Spare Vertical Synchronization Signal Inversion

Selects inversion of the input phase of the spare
vertical synchronization signal (VFBACKI). This bit is
reserved in channel 1. The initial value should not be
changed.

0: The VFBACKI pin state is used directly as the
VFBACKI input

1: The VFBACKI pin state is inverted before use as
the VFBACKI input
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Bit Bit Name

Initial Value

R/W

Description

1 HIINV 0

R/W

Horizontal and Composite Synchronization Signal
Inversion

Selects inversion of the input phase of the horizontal

synchronization signal (HSYNCI) and composite
synchronization signal (CSYNCI).

0: The HSYNCI and CSYNCI pin states are used
directly as the HSYNCI and CSYNCI inputs

1: The HSYNCI and CSYNCI pin states are inverted
before use as the HSYNCI and CSYNCI inputs

0 VIINV 0

R/W

Vertical Synchronization Signal Inversion

Selects inversion of the input phase of the vertical
synchronization signal (VSYNCI).

0: The VSYNCI pin state is used directly as the
VSYNCI input

1: The VSYNCI pin state is inverted before use as
the VSYNCI input

Table 13.2 Synchronization Signal Connection Enable

Bit 5 Description
SCONE Mode FTIA FTIB FTIC FTID TMCIH TMRI1 TMCIX  TMRIX
0 Normal FTIA FTIB FTIC FTID TMIH T™MN TMIX TMIX
connection  input input input input input input input input
(Initial
value)
1 Synchroniza VI TMOH1 VFBACKI [HI IHI VI IHI signal IHI signal
-tion signal  signal signal input* signal signal inverse
connection signal
mode
Note: * Only FTIC input is available in channel 1.
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13.3.2 Timer Connection Register O (TCONRO)

TCONRO controls output signal output, phase inversion, etc.

Bit Bit Name Initial Value R/W

Description

7 HOE 0 R/W
6 VOE 0 R/W
5 CLOE 0 R/W
4 CBOE 0 R/W

Output Enable

Control enabling/disabling of output of the horizontal
synchronization signal (HSYNCO), vertical
synchronization signal (VSYNCO), and clamp
waveform (CLAMPO) and blanking waveform
(CBLANK) in channel 0.

These bits are reserved in channel 1. The initial value
should not be changed.

e HOE

0: The PB1/TMO1_0/HSYNCO pin functions as the
PB1/TMO1_0 pin

1: The PB1/TMO1_0/HSYNCO pin functions as the
HSYNCO pin

e VOE

0: The PBO/FTOA_O/VSYNCO pin functions as the
PBO/FTOA_O pin

1: The PBO/FTOA_O0/VSYNCO pin functions as the
VSYNCO pin

e CLOE

0: The PA4/FTIC_O/CLAMPO pin functions as the
PA4/FTIC_O pin

1: The PA4/FTIC_0/CLAMPO pin functions as the
CLAMPO pin

e CBOE

0: The PA3/FTOB_0/CBLANK pin functions as the
PA3/FTOB_O pin

1: The PA3/FTOB_0/CBLANK pin functions as the
CBLANK pin
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Bit

Bit Name

Initial Value

R/W

Description

HOINV

0

R/W

Horizontal Synchronization Signal Output Inversion

Selects the signal output from the HSYNCO with the
settings of the HS2, HS1, and HSO bits in TECR.
See table 13.3.

VOINV

R/W

Vertical Synchronization Signal Output Inversion

Selects the signal output from the VSYNCO with the
setting of the VSO0 bit in TECR. See table 13.4.

CLOINV
CBOINV

R/W
R/W

Output Synchronization Signal Inversion

Selects inversion of the output phase of the clamp
waveform (CLAMPO) and blanking waveform
(CBLANK) in channel 0.

These bits are reserved in channel 1. The initial
value should not be changed.

e CLOINV

0: The CLO signal (CL1, CL2, CL3, or CL4 signal) is
used directly as the CLAMPO output

1: The CLO signal (CL1, CL2, CL3, or CL4 signal) is
inverted before use as the CLAMPO output

e CBOINV

0: The CBLANK signal is used directly as the
CBLANK output

1: The CBLANK signal is inverted before use as the
CBLANK output
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Table 13.3 HSYNCO Output Selection

TECR

TCONRO_1

TCONRO_O

HS2 HS1 HSO

HOINV

HOINV

HSYNCO Output Signal

0 0 0

0

The IHO signal in channel 0 is used
directly as the HSYNCO output

The IHO signal in channel 0 is inverted
before use as the HSYNCO output

The IHO signal in channel 1 is used
directly as the HSYNCO output

The IHO signal in channel 1 is inverted
before use as the HSYNCO output

The input signal of the HSYNCI_O is used
as the HSYNCO output

The input signal of the HSYNCI_1 is used
as the HSYNCO output

The input signal of the CSYNCI_O is used
as the HSYNCO output

The input signal of the CSYNCI_1 is used
as the HSYNCO output

1 0

Port output inverted*

1

Setting prohibited

Note: * The PB1DR inverted value is output regardless of the PB1DDR setting.

Table 13.4 VSYNCO Output Selection

TECR TCONRI_1 TCONRI_0
VSO VOINV VOINV VSYNCO Output Signal
0 — 0 The IVO signal in channel 0 is used directly as the
VSYNCO output
— 1 The IVO signal in channel 0 is inverted before use as
the VSYNCO output
1 0 — The IVO signal in channel 1 is used directly as the

VSYNCO output

The IVO signal in channel 1 is inverted before use as
the VSYNCO output
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13.3.3

Timer Connection Register S (TCONRS)

TCONRS selects whether to access TMRX or TMRY registers, and the signal source and
generation method for the synchronization signal output.

Bit Bit Name Initial Value R/W  Description
7 — 0 R/W  Reserved
The initial value should not be changed.
6 ISGENE 0 R/W Internal Synchronization Signal Select
Selects internal synchronization signals (IHG, IVG,
and CL4 signals) as the signal sources for the IHO,
IVO, and CLO signals together with the HOMOD1,
HOMODO, VOMOD1, VOMODO, CLMOD1, and
CLMODO bits.
5 HOMOD1 © R/W  Horizontal Synchronization Output Mode Select 1, 0
HOMODO R/W  Select the signal source and generation method for
the IHO signal.
e ISGENE=0
00: The IHI signal (without 2fH modification) is
selected
01: The IHI signal (with 2fH modification) is selected
1X: The CL1 signal is selected
e ISGENE =1
XX: The IHG signal is selected
3 VOMOD1 R/W  Vertical Synchronization Output Mode Select 1, 0
2 VOMODO O R/W  Select the signal source and generation method for
the IVO signal.
e ISGENE=0
00: The VI signal (without fall modification and IHI
synchronization) is selected
01: The VI signal (without fall modification, with IHI
synchronization) is selected
10: The VI signal (with fall modification, without IHI
synchronization) is selected
11: The IVI signal (with fall modification and IHI
synchronization) is selected
e ISGENE =1
XX: The IVG signal is selected
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Bit Bit Name Initial Value R/W  Description

1 CLMOD1 0 R/W  Clamp Waveform Mode Select 1, 0

0 CLMODO O R/W  Select the signal source for the CLO signal (clamp
waveform) in channel 0.

These bits are reserved in channel 1. The initial
value should not be changed.

e ISGENE=0
00: The CL1 signal is selected
01: The CL2 signal is selected
1X: The CL3 signal is selected
e ISGENE =1
XX: The CL4 signal is selected

[Legend]
X: Don’t care
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13.3.4 Edge Sense Register (SEDGR)

SEDGR detects a rising edge on the timer connection input pins and the occurrence of 2fH
modification, and determines the phase of the IVI and IHI signals.

Bit Bit Name

Initial Value R/W

Description

7 VEDG

0

R/(W)*'

VSYNCI Edge

Detects a rising edge on the VSYNCI pin.

0: [Clearing condition]

When 0 is written to VEDG after reading VEDG = 1
1: [Setting condition]

When a rising edge is detected on the VSYNCI pin

6 HEDG

0

R/(W)*'

HSYNCI Edge

Detects a rising edge on the HSYNCI pin.

0: [Clearing condition]

When 0 is written to HEDG after reading HEDG = 1
1: [Setting condition]

When a rising edge is detected on the HSYNCI pin

5 CEDG

0

R/(W)*'

CSYNCI Edge

Detects a rising edge on the CSYNCI pin.

0: [Clearing condition]

When 0 is written to CEDG after reading CEDG = 1
1: [Setting condition]

When a rising edge is detected on the CSYNCI pin

4 HFEDG

0

R/(W)*'

HFBACKI Edge

Detects a rising edge on the HFBACKI pin in
channel 0.

This bit is reserved in channel 1. This bit is always
read as 0 and cannot be modified.

0: [Clearing condition]

When 0 is written to HFEDG after reading HFEDG =
1

1: [Setting condition]
When a rising edge is detected on the HFBACKI pin
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Bit Bit Name Initial Value R/W Description
3 VFEDG 0 R/(W)*' VFBACKI Edge
Detects a rising edge on the VFBACKI pin in
channel 0.
This bit is reserved in channel 1. This bit is always
read as 0 and cannot be modified.
0: [Clearing condition]
When 0 is written to VFEDG after reading VFEDG =
1
1: [Setting condition]
When a rising edge is detected on the VFBACKI pin
2 PREQF 0 R/(W)*' Pre-Equalization Flag
Detects the occurrence of a 2fH modification
condition for the IHI signal. The generation of a
falling/rising edge in the IHI signal during a mask
interval is expressed as the occurrence of a 2fH
modification condition. For details, see section
13.4.4, 2fH Modification of IHI Signal.
0: [Clearing condition]
When 0 is written to PREQF after reading PREQF =
1
1: [Setting condition]
When a 2fH modification condition for the IHI signal
is detected
1 IHI —? R IHI Signal Level

Indicates the current level of the IHI signal. A signal
source and phase inversion are selected for the IHI
signal depends on the contents of TCONRI. Read
this bit to determine whether the input signal is
positive or negative, then hold the IHI signal at
positive phase by modifying TCONRI.

0: The IHI signal is low
1: The IHI signal is high
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Bit Bit Name Initial Value R/W

Description

0 VI 2 R

IVI Signal Level

Indicates the current level of the IVI signal. A signal
source and phase inversion are selected for the VI
signal depends on the contents of TCONRI. Read
this bit to determine whether the input signal is
positive or negative, then hold the VI signal at
positive phase by modifying TCONRI.

0: The IVI signal is low
1: The IVI signal is high

Notes: 1. Only 0 can be written, to clear the flag.
2. The initial value is undefined since it depends on the pin state.

13.3.5 Timer Extended Control Register (TECR)

TECR selects the HSYNCO and VSYNCO output signals and the count clock source for the

TMRO and TMRI.

Bit Bit Name Initial Value R/W

Description

7 VSO0 0 R/W  Vertical Synchronization Signal Output Selection
Selects the signal output from the VSYNCO with the
setting of the VOINV bit in TCONRO. See table 13.4.

HS2 0 R/W  Horizontal Synchronization Signal Output Select 2 to

HS1 0 rRw O

HSO 0 rw  Select the signal output from the HSYNCO with the
settings of the HOINV bit in TCONRO. See table
13.3.

3 ICKS1_1 0 R/W  Internal Clock Source Select (Channel 1)

2 ICKSO0_1 0 R/W  Select the clock input to the timer counter (TCNT) for
the TMRO_1 and TMR1_1 and count condition with
the settings of the CKS2 to CKSO bits in the timer
control register 1 (TCR_1). For details, see section
11.3.4, Timer Control Register (TCR).

ICKS1_0 0 R/W  Internal Clock Source Select (Channel 0)
0 ICKS0_0 0 R/W  Select the clock input to the timer counter (TCNT) for

the TMRO_0 and TMR1_0 and count condition with
the settings of the CKS2 to CKSO bits in the timer
control register 0 (TCR_0). For details, see section
11.3.4, Timer Control Register (TCR).
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13.4  Operation

13.4.1 PWM Decoding (PDC Signal Generation)

The timer connection and TMRX can be used to decode a PWM signal in which 0 and 1 are
represented by the pulse width. To do this, a signal in which a rising edge is generated at regular
intervals must be selected as the IHI signal.

The timer counter (TCNT) in the TMRX is set to count the internal clock pulses and to be cleared
on the rising edge of the external reset signal (IHI signal). The value to be used as the threshold for
deciding the pulse width is written to TCORB. The PWM decoder contains a delay latch which
uses the IHI signal as data and compare-match signal B (CMB) as a clock, and the state of the IHI
signal (the result of the pulse width decision) at the first compare-match signal B timing after the
TCNT is reset by the rise of the IHI signal is output as the PDC signal. Figure 13.3 shows a block
diagram for the PWM decoding.

The pulse width setting using TICRR and TICRF of the TMRX can be used to determine the pulse
width decision threshold.

Examples of TCR and TCORB settings of the TMRX are shown in tables 13.5 and 13.6, and the
PWM decoding timing chart is shown in figure 13.4.
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IHI signal Internal clock

Clock

)

- TCNT
Clear

PWM decoder

- Comparator B
CMB

TCORB

PDC signal TMRX

Figure 13.3 Block Diagram for PWM Decoding

Table 13.5 Examples of TCR Settings

Bit Abbreviation Contents Description
CMIEB 0 Interrupts due to a compare-match and overflow are
CMIEA 0 disabled
OVIE 0
4,3 CCLR1, CCLRO 11 TCNT is cleared by the rising edge of the external
reset signal (IHI signal)
2to 0 CKS2to CKSO 001 Internal clock: Incremented on ¢
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Table 13.6 Examples of TCORB (Pulse Width Threshold) Settings

¢: 10 MHz ¢: 12 MHz ¢: 16 MHz ¢: 20 MHz
H'07 0.8 s 0.67 us 0.5 ps 0.4 ps
H'OF 1.6 s 1.33 ps 1us 0.8 us
H1F 3.2 us 2.67 us 2 s 1.6 pus
H3F 6.4 pus 5.33 us 4 us 3.2 s
H'7F 12.8 ps 10.67 ps 8 us 6.4 s
IHI signal is tested
at compare-match
; o | o
IHI signal
9 I Y k1
PDC signal . | | S
TCNT v V
TCORB —] : | — - | M :
(threshold) — L—

Counter reset
caused b
IHI signa

I/\I/ |

Counter clear At the 2nd compare-match,

caused by IHI signal is not tested
TCNT overflow

Figure 13.4 Timing Chart for PWM Decoding
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13.4.2 Clamp Waveform Generation (CL1/CL2/CL3 Signal Generation)

The timer connection and TMRX can be used to generate signals with different duty cycles and
rising/falling edges (clamp waveforms) in synchronization with the input signal (IHI signal).
Three clamp waveforms can be generated: the CL1, CL2, and CL3 signals. In addition, the CL4
signal can be generated using the TMRY. Figure 13.5 shows a block diagram for clamp waveform
generation.

The CL1 signal rises simultaneously with the rise of the IHI signal, and when the CL1 signal is
high, the CL2 signal rises simultaneously with the fall of the IHI signal. The fall of both the CL1
and CL2 signals can be specified by TCORA.

The rise of the CL3 signal can be specified as simultaneous with the sampling of the fall of the ITHI
signal using the system clock, and the fall of the CL3 signal can be specified by TCORC. The CL3
signal can also fall when the IHI signal rises.

TCNT of the TMRX is set to count internal clock pulses and to be cleared on the rising edge of the
external reset signal (IHI signal).

The value to be used as the CL1 signal pulse width is written to TCORA. Write a value of H'02 or
more to TCORA when an internal clock ¢ is selected as the TMRX counter clock, and a value or
H'01 or more when ¢/2 is selected. When an internal clock ¢ is selected, the CL1 signal pulse
width is (TCORA set value + 3 = 0.5). When the CL2 signal is used, the setting must be made so
that this pulse width is greater than the IHI signal pulse width.

The value to be used as the CL3 signal pulse width is written to TCORC. TICR of the TMRX
captures the value of TCNT at the inverse of the external reset signal edge (in this case, the falling
edge of the IHI signal). The timing of the fall of the CL3 signal is determined by the sum of the
contents of TICR and TCORC. Caution is required if the rising edge of the IHI signal precedes the
fall timing set by the contents of TCORC, since the IHI signal will cause the CL3 signal to fall.

Examples of TCR settings of the TMRX are the same as those in table 13.5. The clamp waveform
timing charts are shown in figures 13.6 and 13.7.

Since the rise of the CL1 and CL2 signals is synchronized with the edge of the IHI signal, and
their fall is synchronized with the system clock, the pulse width variation is equivalent to the
resolution of the system clock.

Both the rise and the fall of the CL3 signal are synchronized with the system clock and the pulse
width is fixed, but there is a variation in the phase relationship with the IHI signal equivalent to
the resolution of the system clock.

Rev.2.00 May. 28, 2009 Page 399 of 732
RENESAS REJ09B0059-0200



Section 13 Timer Connection

Internal clock

TCORA
IHI signal ‘ ’
- Comparator A
- CMA
TMRI
A
Clear TNt B Clock
CMA 4,
Clamp waveform Contol logic
generator _
| emc
- TICR
Capture
- Comparator C
CMC
CL1 CL2 CL3
TCORC
TMRX

Figure 13.5 Block Diagram for Clamp Waveform Generation
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IHI signal [ ] [ ] | L | [
CL1 signal _l_'_|_,_'_| | | | I —
CL2 signal |_| |_| .

/Iﬂﬂﬂﬂ
P Ve e P

Figure 13.6 Timing Chart for Clamp Waveform Generation (CL1 and CL2 Signals)

IHI signal I I, I I, J ' J ' J
CL3 signal 1 I | I

TCNT b | ' /I
TICR + TCORC
TICR ____174 ......... I,7‘/.. ________ M"_.‘

Figure 13.7 Timing Chart for Clamp Waveform Generation (CL3 Signal)
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13.4.3 Measurement of 8-Bit Timer Divided Waveform Period

The timer connection, TMR1, and FRT can be used to measure the period of an IHI signal divided
waveform. Since the TMRI1 can be cleared by a rising edge of the inverted IVI signal, the rise and
fall of the THI signal divided waveform can be synchronized with the IVI signal. This enables
period measurement to be carried out efficiently. Figure 13.8 shows a block diagram for the period
measurement of the 8-bit timer divided waveform.

To measure the period of an IHI signal divided waveform, TCNT of the TMRI1 is set to count the
external clock (IHI signal) pulses and to be cleared on the rising edge of the external reset signal
(inverse of the IVI signal). The value to be used as the division ratio is written to TCORA, and the
TMO output method is specified by the OS bit in TCSR.

Examples of TCR and TCSR settings of the TMR1 and FRT are shown in table 13.7, and the
timing chart for measurement of the I'VI signal and IHI signal divided waveform periods is shown
in figure 13.9. The period of the THI signal divided waveform is given by (ICRD(3) — ICRD(2)) x
resolution.

Internal clock IVI signal IHI signal
Clear TCORA
A Y
FRC
- Comparator A
CMA
ICRB - Control logic - Control logic - TCNT .
Capture FTIB T™MO Clear Clock

- Comparator B
CMB

TCORB

FRT TMR1

Figure 13.8 Block Diagram for Measurement of 8-Bit Timer Divided Waveform Period

Rev.2.00 May. 28, 2009 Page 402 of 732
REJ09B0059-0200 RENESAS



Section 13 Timer Connection

Table 13.7 Examples of TCR and TCSR Settings

Register Bit Abbreviation = Contents Description
TCR of TMR1 7 CMIEB 0 Interrupts due to compare-match and
CMIEA 0 overflow are disabled
OVIE 0
4,3 CCLR1, CCLRO 11 TCNT is cleared by the rising edge of the
external reset signal (inverse of the IVI
signal)
2to0 CKS2to CKSO 101 TCNT is incremented on the rising edge
of the external clock (IHI signal)
TCSRof TMR1 3to0 0OS3to 0S0 0011 Not changed by compare-match B; output
inverted by compare-match A (toggle
output): Division by 512
1001 When TCORB < TCORA, 1 output on
compare-match B, and O output on
compare-match A: Division by 256
TCR of FRT 6 IEDGB 0/1 0: FRC value is transferred to ICRB on
falling edge of input capture input B
(IHI divided signal waveform)
1: FRC value is transferred to ICRB on
rising edge of input capture input B
(IHI divided signal waveform)
1,0 CKS1, CKS0 01 FRC is incremented on internal clock: ¢/8
TCSRof FRT 0 CCLRA 0 FRC clearing is disabled
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IVI signal [ 1 [ 1
IHI signal _l—l—l—l—
divided ! : ' .
waveform ! ! !
5 ; ! ICRB(4):

: . ICRB@)

ICRB(2)

ICRB(1)

FRC
ICRB —

Figure 13.9 Timing Chart for Measurement of I'VI Signal and
IHI Signal Divided Waveform Periods

13.4.4  2fH Modification of IHI Signal

By using the timer connection and FRT, even if there is a part of the IHI signal with twice the
frequency, this can be eliminated. In order for this function to operate properly, the duty cycle of
the THI signal must be approximately 30% or less, or approximately 70% or above.

The 8-bit OCRDM contents or twice the OCRDM contents can be added automatically to the data
captured in ICRD of the FRT, and compare-matches generated at these points. The interval
between the two compare-matches is called a mask interval. A value equivalent to approximately
1/3 the IHI signal period is written to OCRDM. ICRD is set so that capture is performed on the
rise of the IHI signal. Figure 13.10 shows a block diagram for 2fH modification of the IHI signal.

Since the IHI signal supplied to the IHO signal selection circuit is normally set on the rise of the
IHI signal and reset on the fall, its waveform is the same as that of the original IHI signal. When
2fH modification is selected, IHI signal edge detection is disabled during mask intervals. Capture
is also disabled during these intervals.

Examples of TCR, TCSR, TOCR, and OCRDM settings of the FRT are shown in table 13.8, and
the 2fH modification timing chart is shown in figure 13.11.
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Internal clock

l Clock

FRC

IHI signal

- ICRD

Capture

2fH mask
generator

- Comparator M
CMM

x 1
x 2

OCRDM

FRT

2fH modification signal

Figure 13.10 Block Diagram for 2fH Modification of IHI Signal

Table 13.8 Examples of TCR, TCSR, TCOR, and OCRDM Settings

Register Bit Abbreviation Contents Description
TCR of FRT 4 IEDGD 1 FRC value is transferred to ICRD on the
rising edge of input capture input D (IHI
signal)
1,0 CKS1, CKSO 01 FRC is incremented on internal clock: ¢/8
TCSRof FRT 0 CCLRA 0 FRC clearing is disabled
TCORof FRT 7 ICRDMS 1 ICRD is set to the operating mode in

which OCRDM is used

OCRDM of FRT 7to0 OCRDM7to H'01to H'FF Specifies the period during which ICRD
OCRDMO operation is masked
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IHI signal

modification)

IHI signal ' :
with2iH  —1 N N ' U N I n N
modification) : i ; : : : : :
Mask interval e L L+ Mt Mt e e e e

ICRD + OCRDM x 2 !
ICRD + OCRDM

FRC
ICRD

Figure 13.11 2fH Modification Timing Chart

13.4.5 IVI Signal Fall Modification and IHI Synchronization

By using the timer connection and TMRI, the fall of the IVI signal can be shifted backward by the
specified number of IHI signal waveforms. Also, the fall of the I'VI signal can be synchronized
with the rise of the IHI signal. Figure 13.12 shows a block diagram for IVI signal fall modification
and IHI signal operation.

To measure of the 8-bit timer divided waveform period, TCNT of the TMR1 is set to count
external clock (IHI signal) pulses, and to be cleared on the rising edge of the external reset signal
(inverse of the IVI signal). The number of IHI signal pulses until the fall of the IVI signal is
written to TOCRB.

Since the I'VI signal supplied to the IVO signal selection circuit is normally set on the rise of the
IVI signal and reset on the fall, its waveform is the same as that of the original IVI signal. When
fall modification is selected, a reset is performed on a TCORB compare-match of the TMRI1.
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The fall of the waveform generated in this way can be synchronized with the rise of the IHI signal,
regardless of whether or not fall modification is selected.

Examples of TCR, TCSR, and TCORB settings of the TMR1 are shown in table 13.9, and the fall
modification and THI synchronization timing chart is shown in figure 13.13.

IVI signal  IHI signal

Clock
A
L TCNT
Clear
A A
Vertical
synchronization
signal modification - Comparator B

CMB

TCORB

Modification signal TMR1

Figure 13.12 Block Diagram for I'VI Signal Fall Modification and IHI Signal Operation
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Table 13.9 Examples of TCR, TCSR, and TCORB Settings

Register Bit Abbreviation Contents Description
TCR of TMR1 7 CMIEB 0 Interrupts due to compare-match and
CMIEA 0 overflow are disabled
OVIE 0
4,3 CCLR1, 11 TCNT is cleared by the rising edge of the
CCLRO external reset signal (inverse of the IVI
signal)
2t00 CKS2 to 101 TCNT is incremented on the rising edge
CKSO0 of the external clock (IHI signal)
TCSRof TMR1 3to0 0OS3to OSO 0011 Not changed by compare-match B; output
inverted by compare-match A (toggle
output)
1001 When TCORB < TCORA, 1 output on

compare-match B, 0 output on
compare-match A

TCORB of TMR1 H'03 Compare-match on the 4th (example) rise of the IHI signal after the
(example) rise of the inverse of the IVI signal

IHI signal n o I I O e e | T M |'| |'| |'| |'| |'|

IVI signal (PDC signal)

IVO signal H | !
(without fall modification, [ | \ \ | |
with IHI synchronization) i

J

IVO signal | : : : : E
(with fall modification, J \ ! ! ! :I_:_

without IHI synchronization) h ' Coon !

IVO signal ——— ——— ,

(with fall modification J E : Coo !—
and IHI synchronization) ' ' ' ' )

TCNT = TCORB (3)

Figure 13.13 Fall Modification and IHI Synchronization Timing Chart
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13.4.6  Internal Synchronization Signal Generation (IHG/I'VG/CL4 Signal Generation)

By using the timer connection, FRT, and TMRY, it is possible to automatically generate internal
signals (IHG and IVG signals) corresponding to the ITHI and IVI signals. As the IHG signal is
synchronized with the rise of the IVG signal, the IHG signal period must be made a divisor of the
IVG signal period in order to keep it constant. In addition, the CL4 signal can be generated in
synchronization with the IHG signal. Figure 13.14 shows a block diagram for IHG signal
generation and figure 13.15 shows a block diagram for IVG signal generation.

The contents of OCRA of the FRT can be updated by the automatic addition of the contents of
OCRAR or OCRAPF, alternately, each time a compare-match occurs. A value corresponding to the
0 interval of the IVG signal is written to OCRAR, and a value corresponding to the 1 interval of
the IVG signal is written to OCRAF. The IVG signal is set by a compare-match after an OCRAR
addition, and reset by a compare-match after an OCRAF addition.

The IHG signal is the TMRY timer output. The TMRY is set to count internal clock pulses, and to
be cleared on a TCORA compare-match, to fix the period and set the timer output. TCORB is set
s0 as to reset the timer output. The IVG signal is connected as the TMRY reset input (TMRI), and
the rise of the IVG signal can be treated in the same way as a TCORA compare-match.

The CL4 signal is a waveform that rises within one system clock period after the fall of the IHG
signal, and has an interval of 1 for 6 system clock periods.

Examples of TCR, TCSR, TCORA, and TCORB settings of the TMRY, and TCR, OCRAR,
OCRAF, and TOCR settings of the FRT are shown in table 13.10, and the IHG signal and IVG
signal timing chart is shown in figure 13.16.
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Internal clock

-~ Comparator A
CMA

Vertical
synchronization
signal generator

OCRA

OCRAR/F

IVG signal

FRT

Figure 13.14 Block Diagram for IVG Signal Generation
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TCORA
Clear
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T CVA omparator A
Control logic TCNT -
TMO Clear ‘ ’ Clock
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CMB (W

TCORB
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Figure 13.15 Block Diagram for IHG Signal Generation
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Table 13.10 Examples of OCRAR, OCRAF, TOCR, TCORA, TCORB, TCR, and TCSR

Settings
Register Bit Abbreviation Contents Description
TCRof TMRY 7 CMIEB 0 Interrupts due to compare-match and
CMIEA 0 overflow are disabled
OVIE 0
4,3 CCLR1, 01 TCNT is cleared by compare-match A
CCLRO
2t00 CKS2 to 001 TCNT is incremented on internal clock:
CKS0 /4
TCSR of TMRY 3100 0S3t0o OSO0 0110 0 output on compare-match B
1 output on compare-match A
TCORA of H'3F IHG signal period = ¢ x 256
TMRY (example)
TCORB of H'03 1 interval of IHG signal = ¢ x 16
TMRY (example)
TCR of FRT 1,0 CKS1, CKSO0 01 FRC is incremented on internal clock: ¢/8
OCRAR of FRT H'7FEF 0 interval of IVG signal = IVG signal period =
(example) ¢ x 262016 ¢ x 262144 (1024 times IHG signal)

OCRAF of FRT H'000F 1 interval of IVG signal = ¢
(example) x 128

TOCRof FRT 6 OCRAMS 1 OCRA is set to the operating mode in
which OCRAR and OCRAF are used
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IVG signal | I l I |

| OCRA (4) =

J
' . ! OCRA (3) +
, | OCRA (3)= _OCRAR
; ' OCRA (2) +
! OCRA(2)= | OCRAF
+ OCRA (1) +
OCRA (1) =i OCRAR
OCRA (0) +
OCRAF
OCRA /
FRC
6 system clocks 6 system clocks 6 system clocks

i - -

giléﬁal I_l I_l I_l

TCORA T
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Figure 13.16 IVG Signal/THG Signal/CL4 Signal Timing Chart
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13.4.7 HSYNCO Output

With the HSYNCO output, the meaning of the signal source to be selected and use or non-use of
modification varies according to the IHI signal source and the waveform required by an external
circuitry. The HSYNCO output modes are shown in table 13.11.

Table 13.11 HSYNCO Output Modes

Mode IHI Signal  IHO Signal Meaning of IHO Signal
No signal HFBACKI IHI signal (without HFBACKI input is output directly
input 2fH modification)

IHI signal (with Meaningless unless there is a double-frequency
2fH modification) part in the HFBACKI input

CL1 signal 1 interval of HFBACKI input is changed before
output
IHG signal Internal synchronization signal is output
S-on-G mode CSYNCI IHI signal (without CSYNCI input (composite synchronization
input 2fH modification) signal) is output directly

IHI signal (with Double-frequency part of CSYNCI input
2fH modification) (composite synchronization signal) is eliminated
before output

CL1 signal Horizontal synchronization signal part of
CSYNCI input (composite synchronization
signal) is separated before output

IHG signal Internal synchronization signal is output
Composite HSYNCI IHI signal (without HSYNCI input (composite synchronization
mode input 2fH modification) signal) is output directly

IHI signal (with Double-frequency part of HSYNCI input
2fH modification) (composite synchronization signal) is eliminated
before output

CL1 signal Horizontal synchronization signal part of
HSYNCI input (composite synchronization
signal) is separated before output

IHG signal Internal synchronization signal is output
Separate HSYNCI IHI signal (without HSYNCI input (horizontal synchronization signal)
mode input 2fH modification) is output directly

IHI signal (with Meaningless unless there is a double-frequency
2fH modification) part in the HSYNCI input (horizontal
synchronization signal)

CL1 signal 1 interval of HSYNCI input (horizontal
synchronization signal) is changed before output

IHG signal Internal synchronization signal is output
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13.4.8 VSYNCO Output

With the VSYNCO output, the meaning of the signal source to be selected and use or non-use of
modification varies according to the IVI signal source and the waveform required by an external
circuitry. The VSYNCO output modes are shown in table 13.12.

Table 13.12 VSYNCO Output Modes

Mode IVI Signal IVO Signal Meaning of IVO Signal
No signal VFBACKI IVI signal (without fall VFBACKI input is output directly
input modification or IHI

synchronization)

IVI signal (without fall
modification, with [HI
synchronization)

Meaningless if VFBACKI input is
synchronized with HFBACKI input

IVI signal (with fall
modification, without IHI
synchronization)

VFBACKI input fall is modified before
output

IVI signal (with fall
modification and IHI
synchronization)

VFBACKI input fall is modified and the
signal is synchronized with HFBACKI
input before output

Internal synchronization signal is output

IVG signal
S-on-G mode PDC signal VI signal (without fall
or composite modification or IHI
mode synchronization)

Vertical synchronization signal part of
CSYNCI/HSYNCI input (composite
synchronization signal) is separated
before output

IVI signal (without fall
modification, with IHI
synchronization)

Vertical synchronization signal part of
CSYNCI/HSYNCI input (composite
synchronization signal) is separated, and
the signal is synchronized with
CSYNCI/HSYNCI input before output

IVI signal (with fall
modification, without IHI
synchronization)

Vertical synchronization signal part of
CSYNCI/HSYNCI input (composite
synchronization signal) is separated, and
fall is modified before output

IVI signal (with fall
modification and [HI
synchronization)

Vertical synchronization signal part of
CSYNCI/HSYNCI input (composite
synchronization signal) is separated, fall
is modified, and the signal is
synchronized with CSYNCI/HSYNCI input
before output

IVG signal Internal synchronization signal is output
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Mode IVI Signal IVO Signal Meaning of IVO Signal
Separate VSYNCI IVI signal (without fall ~ VSYNCI input (vertical synchronization
mode input modification or IHI signal) is output directly

synchronization)

IVI signal (without fall ~ Meaningless if VSYNCI input (vertical

modification, with IHI synchronization signal) is synchronized

synchronization) with HSYNCI input (horizontal
synchronization signal)

IVI signal (with fall VSYNCI input (vertical synchronization
modification, without IHI signal) fall is modified before output
synchronization)

IVI signal (with fall VSYNCI input (vertical synchronization

modification and IHI signal) fall is modified and the signal is

synchronization) synchronized with HSYNCI input
(horizontal synchronization signal) before
output

IVG signal Internal synchronization signal is output

13.49 CBLANK Output

Using the signals generated/selected with the timer connection, it is possible to generate an
waveform based on the composite synchronization signal (blanking waveform). This function is
not available in channel 1.

One kind of blanking waveform is generated by combining HFBACKI and VFBACKI inputs,
with the phase polarity made positive by means of bits HFINV and VFINV in TCONRI, and with
the IVO signal.

The logic of CBLANK output waveform generation is shown in figure 13.17.

HFBACKI input (positive)

VFBACKI input (positive) ) \

- - CBLANK signal
Falling edge sensmgl— Reset (positive)

J—| Rising edge sensing |— Set

IVO signal (positive) ®

Figure 13.17 CBLANK Output Waveform Generation
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Section 14 Duty Measurement Circuit

This LSI has an on-chip duty measurement circuit which consists of an edge detection circuit,
8-bit counter, and capture register. This circuit can measure the duty by detecting edges of an
external event signal and capturing the high-level period and cycle.

Figure 14.1 shows a block diagram of the duty measurement circuit.

14.1 Features

o Selection of a counter operating signal from eight operating clocks

One of the eight operating clocks (¢, ¢/2, d/4, &/8, $/32, $/2048, $/32768, or $/65536) can be
selected.

e Automatic duty measurement of eight external event signals for two systems

Using an edge detection circuit enables both edges of the external event signal to be detected
and capturing the counter value enables the duty to be measured. One of eight external event
signals (2-system HSYNC, 2-system CSYNC, 2-system VSYNC, HFBACK, or VFBACK)
can be selected.

e Two interrupt sources

There are two interrupt sources: Duty measurement end and overflow.
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¢

o2

/4

/8

/32

/2048
— /32768
— $/65536

Clock

Clock selection

Overflow
Clear TWCNT

HSYNCI_0 —
HSYNCI_1 —»
CSYNCI_0—»
CSYNCI_1—»
HFBACKI_0 —»
HFBACKI_1 —»
VSYNCI_0 —»=
VSYNCI_1 —»

External signal selection

Control logic

Input capture
P a TWICR >
Edge
detector TWCRL =

[Legend]

TWCNT:
TWICR:

TWCR1:
TWCR2:

E -

Interrupt signal
L = TWOVI 4

-————» TWENDI

Free-running counter
Input capture register
Duty measurement control register 1
Duty measurement control register 2

Module data bus

Bus interface

Internal
data bus

o

Figure 14.1 Block Diagram of Duty Measurement Circuit

Rev.2.00 May. 28, 2009 Page 418 of 732
REJ09B0059-0200

RENESAS




Section 14 Duty Measurement Circuit

14.2  Input/Output Pins

Table 14.1 lists the input pins for the duty measurement circuit.

Table 14.1 Pin Configuration

Name Symbol /0 Function
Horizontal synchronization HSYNCI_0 Input Horizontal synchronization signal 0
signal O input pin input pin
Horizontal synchronization HSYNCI_1 Input Horizontal synchronization signal 1
signal 1 input pin input pin
Composite synchronization CSYNCI_0 Input Composite synchronization signal O
signal O input pin input pin
Composite synchronization CSYNCI_A1 Input Composite synchronization signal 1
signal 1 input pin input pin
Spare horizontal HFBACKI Input Spare horizontal synchronization
synchronization signal input signal input pin
pin
Spare vertical synchronization VFBACKI Input Spare vertical synchronization signal
signal input pin input pin
Vertical synchronization signal VSYNCI_0 Input Vertical synchronization signal O
0 input pin input pin
Vertical synchronization signal VSYNCI_1 Input Vertical synchronization signal 1
1 input pin input pin
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14.3  Register Descriptions
The duty measurement circuit has the following registers.

e Free-running counter (TWCNT)
e Input capture register (TWICR)
e Duty measurement control register 1 (TWCR1)
¢ Duty measurement control register 2 (TWCR?2)

14.3.1 Free-Running Counter (TWCNT)

TWCNT is an 8-bit readable/writable up-counter. The free-running count operation is performed
by setting the FRC bit in TWCRI1 to 1. When the START bit in TWCR2 is set to 1, TWCNT is
cleared and duty measurement is started. For details on duty measurement operation, see section
14.4, Operation. The clock source is selected by bits CKS2 to CKSO in TWCR1. When TWCNT
overflows from H'FF to H'00, the OVF bit in TWCR2 is set to 1. TWCNT is initialized to H'00.

14.3.2  Input Capture Register (TWICR)

TWICR is an 8-bit read-only register. When the falling edge of the external event signal is
detected during duty measurement, the current TWCNT value is transferred. For details on duty
measurement operation, see section 14.4, Operation. TWICR is initialized to H'00.
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14.3.3

Duty Measurement Control Register 1 (TWCR1)

TWCRI controls the free-running counter (TWCNT) and selects the TWCNT input clock and an
external event signal whose duty is to be measured.

Bit Bit Name

Initial Value

R/W

Description

7

FRC

0

R/W

Free-Running Counter

When 1 is written to this bit, TWCNT operates as a
free-running counter regardless of the state of the START
bit.

0: Duty measurement operation
1: Free-running counter operation

R/W

Reserved

w ~ OO

CKS2
CKS1
CKSO0

o O O] o

R/W
R/W
R/W

Clock Select2to 0

Select the clock input to TWCNT.
000: Count on internal clock ¢

001: Count on internal clock ¢/2

010: Count on internal clock ¢/4
011: Count on internal clock ¢/8

100: Count on internal clock ¢/32
101: Count on internal clock ¢/2048
110: Count on internal clock ¢/32768
111: Count on internal clock ¢/65536

IS2
IS1
ISO

R/W
R/W
R/W

Input Select 210 0

Select the external event signal whose duty is to be
measured.

000: Measure the duty of HSYNCI_0O
001: Measure the duty of HSYNCI_1
010: Measure the duty of CSYNCI_0
011: Measure the duty of CSYNCI_1
100: Measure the duty of HFBACKI

101: Measure the duty of VFBACKI

110: Measure the duty of VSYNCI_0
111: Measure the duty of VSYNCI_1
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14.3.4 Duty Measurement Control Register 2 (TWCR2)

TWCR2 controls enabling or disabling interrupt request signals, status flag indication, and duty

measurement operation.

Bit Bit Name Initial Value R/W

Description

7 ENDIE 0 R/W Duty Measurement End Interrupt Enable
When the ENDF flag in TWCR2 is set to 1, this bit
enables or disables an interrupt request by the ENDF
flag.
0: Disables an interrupt request (TWENDI) by ENDF
1: Enables an interrupt request (TWENDI) by ENDF
6 OVIE 0 R/W Overflow Interrupt Enable
When the OVF flag in TWCR2 is set to 1, this bit
enables or disables an interrupt request by the OVF
flag.
0: Disables an interrupt request (TWOVI) by OVF
1: Enables an interrupt request (TWOVI) by OVF
5 ENDF 0 R/(W)* Duty Measurement End
A status flag indicating that duty measurement has
ended.
[Setting condition]
When duty measurement ends
[Clearing condition]
When 0 is written to ENDF after reading ENDF = 1
4  OVF 0 R/(W)* Overflow Flag
A flag indicating that a TWCNT overflow has occurred.
[Setting condition]
When TWCNT overflows from H'FF to H'00
[Clearing condition]
When 0 is written to OVF after reading OVF =1
3to — All O R/W Reserved

The initial value should not be changed.
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Bit Bit Name Initial Value R/W Description
0 START 0 R/W Start

When the FRC bit in TWCR1 is 0 and 1 is written to this
bit, duty measurement will start. If this bit is read during
duty measurement, 1 is read from this bit. If duty
measurement ends, this bit is automatically cleared to 0.
If 0 is written during duty measurement, duty
measurement forcibly ends. Even if 1 is written when the
FRC bitin TWCR1 is 1, it is ignored.

Note: * Only 0 can be written to clear the flag.
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144  Operation
14.4.1 Duty Measurement for External Event Signal
Figure 14.2 shows an example of duty measurement for the external event signal.

1. Select the external event signal whose duty needs to be measured by the IS2 to IS0 bits in
TWCRI.

2. Select the count clock source for TWCNT by the CK2 to CKO bits in TWCRI.

3. Write 1 to the START bit in TWCR2. At this time, TWCNT is cleared to H'00.

4. When a rising edge of the external event signal is detected, TWCNT starts counting. Then, if a
falling edge of the external event signal is detected, the TWCNT value is transferred to
TWICR. If the second rising edge of the external event signal is detected, TWCNT stops
counting. At this time, the ENDF flag in TWCR?2 is set to 1.

When TWICR and TWCNT values are read and then compared, duty measurement for the
external event signal is accomplished.

External event signal

START signal

Count stop

H'00

TWICR

Duty measurement
end flag

Figure 14.2 Example of Duty Measurement for External Event Signal
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14.5  Operation Timing

1451 TWCNT Count Timing
Figure 14.3 shows the TWCNT count timing.

o T L L L L L P L L

(
1)
Internal clock | (« |

)

TWCNT

i ( (
input clock 4 4

(( ((
) )

TWeNT N1 X N X N1

{( {(
)) )]

Figure 14.3 TWCNT Count Timing
14.5.2 TWCNT Clear Timing by Setting START Bit

Setting the START bit in TWCR2 to 1 starts duty measurement and then clears TWCNT. Figure
14.4 shows the TWCNT clear timing.

START bit

Clear signal

TWCNT N X N'00

Figure 14.4 TWCNT Clear Timing by Setting START Bit
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14.5.3  Count Start Timing for Duty Measurement

If a rising edge of the external event input is detected after the START bit in TWCR?2 has been set
to 1, a count enable signal is set. At this time, if the TWCNT input clock exists, TWCNT starts
incrementing. Figure 14.5 shows the count start timing for duty measurement.

o T LML LML P r L

{(
External signal « @ »

)7_’\
Count enable ——l )
signal (

))
Internal clock I | (

)

TWCNT
input clock { 4
£ 4
TWCNT 00 X o

I {(
)] )]

Figure 14.5 Count Start Timing for Duty Measurement

14.5.4  Capture Timing during Duty Measurement

When a falling edge of the external event signal is detected during duty measurement, the
TWCNT value is transferred to TWICR. Figure 14.6 shows the capture timing during duty
measurement.

¢
External signal w
Capture signal \\/\I_l
TWCNT N-1 X N
TWICR n X\ N

Figure 14.6 Input Capture Timing during Duty Measurement
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14.5.5 Clear Timing for START Bit when Duty Measurement Ends

When duty measurement ends, the START bit in TWCR?2 is cleared to 0. Figure 14.7 shows the
clear timing for the START bit when duty measurement ends.

L [ A I I B I
External signal f
Duty measurement \f\l_l
end signal

"

START bit |

Figure 14.7 Clear Timing for START Bit when Duty Measurement Ends

14.5.6  Set Timing for Duty Measurement End Flag (ENDF)

When duty measurement ends, the duty measurement end flag (ENDF) in TWCR2 is set to 1.
Figure 14.8 shows the ENDF set timing.

L [ I I I
External signal T
Duty measurement \\—’_\l_l
end signal

\

ENDF |

Figure 14.8 Set Timing for Duty Measurement End Flag (ENDF)
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14.5.7  Set Timing for Overflow Flag (OVF)

The overflow flag (OVF) in TWCR2 is set to 1 by the overflow signal which is output when
TCNT overflows from H'FF to H'00. Figure 14.9 shows the OVF set timing.

Iy

TWCNT N'FF N'00

X
Overflow signal | |
I

OVF

Figure 14.9 Set Timing for OVF Flag

14.6  Interrupt Sources

The duty measurement circuit can request two interrupts: TWOVI and TWENDI. Table 14.2 lists
the sources and priorities of these interrupts. Each interrupt can be enabled or disabled by an

interrupt enable bit in TCR or TCSR. Independent signals are sent to the interrupt controller for
each interrupt.

Table 14.2 Interrupt Sources for Duty Measurement Circuit

Interrupt Interrupt Source Interrupt Flag Priority
TWENDI Duty measurement end ENDF High
TWOVI TWCNT overflow OVF Low
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14.7  Usage Notes

14.7.1  Conflict between TWCNT Write and Increment

If a TWCNT increment pulse is generated during the T, state of a TWCNT write cycle as shown in
figure 14.10, the write takes priority and TWCNT is not incremented.

TWCNT write cycle by CPU
T T,

S I S R O I N R

Address X TWCNT address X
Internal write signal |—,—
Counter input clock I—l—

TWCNT N X P M
[

Counter write data

Figure 14.10 TWCNT Write-Increment Conflict
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14.7.2  Write to START Bit during Free-Running Counter Operation

If 1 is written to the START bit in TWCR2 while the FRC bit in TWCRI is 1 as shown in figure
14.11, duty measurement is ignored and the START bit is cleared to O.

¢

FRC bit | DY

TWCR2
write signal

START bit

START bit
clear signal

Figure 14.11 Write to START Bit during Free-Running Counter Operation

14.7.3  Switching of Internal Clock and TWCNT Operation

The changeover may cause TWCNT to be incremented depending on the timing at which the
internal clock is switched (bits CKS2 to CKSO are rewritten). Table 14.3 shows the relationship
between the timing and TCNT operation.

The TWCNT clock is generated on detection of the falling edge of the internal clock. If the clock
is changed when the old source is high and the new source is low, as in case no. 3 in table 14.3, the
changeover is regarded as a falling edge that generates the TWCNT clock, and TWCNT is
incremented.

Switching between an internal clock and external clock may also cause TWCNT to be
incremented. To prevent incorrect operation, ensure that TWCNT should be stopped before an
internal clock is changed.
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Table 14.3 Switching of Internal Clock and TWCNT Operation

Timing of Switchover by
Means of CKS2 to CKS0

No. Bits TWCNT Operation
1 Switching from Clock
1 [o]e}
low to low* before switchover _| | I I I I

Clock
after switchover

TWCNT clock

TWCNT NX N+1 X

2 Switching from
low to high**

Clock
before switchover J I I I

Clock
after switchover

TWCNT clock

TWCNT NoX O N+ X N2 X

3 Switching from

high to low*® Clock

before switchover

Clock
after switchover

TWCNT clock

TWCNT

Switchover of CKS bit
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Timing of Switchover by
Means of CKS2 to CKS0
No. Bits TWCNT Operation

4 Switching from

: : Clock
high to high before switchover _| I | I |

Clock
after switchover

TWCNT clock

!

TWCNT N X Net X N2 X N+3

Switchover of CKS bit

Notes: 1. Including switching from low to stop and from stop to low
2. Including switching from stop to high
3. Including switching from high to stop

4. Generated on the assumption that the switchover is a falling edge; TWCNT is
incremented.

Rev.2.00 May. 28, 2009 Page 432 of 732
REJ09B0059-0200 RENESAS



Section 14 Duty Measurement Circuit

14.7.4  Switching of External Event Signal and Operation of Edge Detection Circuit

When the external event signal is changed, the edge detection circuit may regard it as a rising or
falling edge. Table 14.4 shows the relationship between the timing at which the external event
signal is switched (bits IS2 to IS0 are rewritten) and operation of the edge detection circuit.

Rising and falling edges of the external event signal are detected by the edge detection circuit.
Thus, if the clock is changed when the old source is low and the new source is high, as in case no.
2 in table 14.4, the changeover is regarded as a rising edge and the TWCNT value is transferred to
TWICR during duty measurement. If the clock is changed when the old source is high and the new
source is low, as in case no. 3 in table 14.4, the changeover is regarded as a falling edge and duty
measurement is started or ended. To prevent incorrect operation, ensure that the IS bit should not
be rewritten during duty measurement.

Table 14.4 Switching of External Event Signal and Operation of Edge Detection Circuit

Timing of Switchover by
No. Means of IS2 to IS0 Bits Operation of Edge Detection Circuit

1 Switching from
low to low

External event signal
before switchover

External event signal
after switchover

Rising edge

detection signal
Falling edge \‘I \‘l

detection signal

Switchover of IS bit

2 Switching from
low to high

External event signal
before switchover

External event signal
after switchover

Rising edge
detection signal

Falling edge
detection signal

Switchover of IS bit
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Timing of Switchover by
No. Means of IS2 to IS0 Bits Operation of Edge Detection Circuit

3  Switching from
high to low External event signal
before switchover

External event signal
after switchover

Rising edge
detection signal

detection signal

4 Switching from
high to high External event signal
before switchover

External event signal
after switchover

Rising edge |—|
detection signal

Falling edge H—l H—l , \‘l—l
detection signal i

Switchover of IS bit

Notes: 1. The switchover timing is detected as a rising edge.
2. The switchover timing is detected as a falling edge.
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Section 15 Watchdog Timer (WDT)

This LSI incorporates the watchdog timer (WDT). The WDT is an 8-bit timer that can generate an
internal reset signal or an internal NMI interrupt signal if a system crash prevents the CPU from
writing to the timer counter, thus allowing it to overflow.

When this watchdog timer function is not needed, the WDT can be used as an interval timer. In
interval timer operation, an interval timer interrupt is generated each time the counter overflows.

15.1 Features

o Selectable from eight counter input clocks.

e Switchable between watchdog timer mode and interval timer mode

Watchdog Timer Mode:

e If the counter overflows, an internal reset or an internal NMI interrupt is generated.
Interval Timer Mode:

o If the counter overflows, an interval timer interrupt (WOVI) is generated.
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A block diagram of the WDT is shown in figure 15.1.

l—— 0/2
l—— 0/64
(/128
fa——— 0/512
l«——0/2048
[ 0/8192
[—— /32768
l—— /131072
Internal clock

i
wovi E Interrupt
1 1
(Interrupt request signal) | control Clock
, Overflow Clock selection
Internal NMI~ =——
(Interrupt request signal) ! Reset
' control
Internal reset signal ~ «——
T

| TCNT |<—’| TCSR |

J

Bus

Module bus

interface

[Legend]
TCSR: Timer control/status register
TCN: Timer counter

Internal bus

Figure 15.1 Block Diagram of WDT
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15.2  Register Descriptions

The WDT has the following registers. To prevent accidental overwriting, TCNT and TCSR have
to be written to in a method different from normal registers. For details, see section 15.5.1, Notes
on Register Access. For details on the system control register, see section 3.2.2, System Control
Register (SYSCR).

e Timer counter (TCNT)
e Timer control/status register (TCSR)

15.2.1 Timer Counter (TCNT)
TCNT is an 8-bit readable/writable up-counter.

TCNT is initialized to H'00 when the TME bit in the timer control/status register (TCSR) is
cleared to 0.

15.2.2  Timer Control/Status Register (TCSR)
TCSR selects the clock source to be input to TCNT, and the timer mode.

Bit Bit Name Initial Value R/W  Description
7 OVF 0 R/(W)* Overflow Flag

Indicates that TCNT has overflowed (changes from H'FF
to H'00).

[Setting condition]

When TCNT overflows (changes from H'FF to H'00)

When internal reset request generation is selected in
watchdog timer mode, this bit is cleared automatically by
the internal reset.

[Clearing conditions]
e When TCSRis read when OVF = 1, then 0 is written

to OVF
e When 0 is written to TME
6 WTAT 0 R/W  Timer Mode Select

Selects whether the WDT is used as a watchdog timer or
interval timer.

0: Interval timer mode

1: Watchdog timer mode
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Bit Bit Name Initial Value R/W

Description

5 TME 0 R/W

Timer Enable
When this bit is set to 1, TCNT starts counting.

When this bit is cleared, TCNT stops counting and is
initialized to H'00.

Reserved

The initial value should not be changed.

3 RST/N

=

I 0 R/W

Reset or NMI

Selects whether an internal reset or an NMI interrupt is
requested when TCNT has overflowed.

0: An NMl interrupt is requested
1: An internal reset is requested

2 CKS2
CKS1
0 CKS0

o

R/W
R/W
R/W

o O

Clock Select2t0 0

Select the clock source to be input to TCNT. The
overflow cycle for ¢ = 20 MHz is enclosed in
parentheses.

000: ¢/2 (cycle: 25.6 us)

001: ¢/64 (cycle: 819.2 ps)
010: /128 (cycle: 1.6 ms)
011: ¢/512 (cycle: 6.5 ms)
100: $/2048 (cycle: 26.2 ms)
101: ¢/8192 (cycle: 104.8 ms)
110: ¢/32768 (cycle: 419.4 ms)
111: ¢/131072 (cycle: 1.67 s)

Note: * Only 0 can be written, to clear the flag.
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15.3  Operation

15.3.1 Watchdog Timer Mode

To use the WDT as a watchdog timer, set the WT/IT bit and the TME bit in TCSR to 1. While the
WDT is used as a watchdog timer, if TCNT overflows without being rewritten because of a
system malfunction or another error, an internal reset or NMI interrupt request is generated. TCNT
does not overflow while the system is operating normally. Software must prevent TCNT
overflows by rewriting the TCNT value (normally writing H'00) before overflows occurs.

If the RST/NMI bit in TCSR is set to 1, when the TCNT overflows, an internal reset signal for this
LSI is issued for 518 system clocks as shown in figure 15.2. If the RST/NMI bit is cleared to 0,
when the TCNT overflows, an NMI interrupt request is generated.

An internal reset request from the watchdog timer and a reset input from the RES pin are
processed in the same vector. A reset source can be identified by the state of the XRST bit in
SYSCR. If a reset caused by a signal input to the RES pin occurs at the same time as a reset
caused by a WDT overflow, the RES pin reset has priority and the XRST bit in SYSCR is set to 1.

An NMI interrupt request from the watchdog timer and an interrupt request from the NMI pin are
processed in the same vector. Do not handle an NMI interrupt request from the watchdog timer
and an interrupt request from the NMI pin at the same time.

TCNT value
Overflow

Time

PN

WT/AT =1 Write H'0O to
TME=1 TCNT

A S N B 1

WTAT =1 Write H'00 to OVF =1*
TME=1 TCNT

Internal reset signal

518 system clocks
[Legend]
WT/IT: Timer mode select bit
TME: Timer enable bit
OVF: Overflow flag

Note: * After the OVF bit becomes 1, it is cleared to 0 by an internal reset.
The XRST bit is also cleared to 0.

Figure 15.2 Watchdog Timer Mode (RST/NMI = 1) Operation
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15.3.2 Interval Timer Mode

When the WDT is used as an interval timer, an interval timer interrupt (WOVI) is generated each
time TCNT overflows, as shown in figure 15.3. Therefore, an interrupt can be generated at

intervals.

When TCNT overflows in interval timer mode, the OVF bit in TCSR is set to 1 and at the same
time an interval timer interrupt (WOVI) is requested. The timing is shown in figure 15.4.

TCNT value
Overflow Overflow Overflow Overflow
HIFF |mmmm e e e e e e e e e e e e e e
H'00 Time
t i i i i
WT/AT =0 WoVvI WoVI WOoVI WOVI
TME=1
[Legend]

WOVI : Interval timer interrupt request occurrence

Figure 15.3 Interval Timer Mode Operation

TCNT

Overflow signal
(internal signal)

OVF

i [ O
SSH'FFX H'00

(« | |
) \\
(« |

))

Figure 15.4 OVF Flag Set Timing
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15.3.3 Internal Reset Signal Generation Timing

When TCNT overflows in watchdog timer mode, the OVF bit in TCSR is set to 1. When the
RST/NMI bit is set to 1 here, the internal reset signal is generated for the entire LSI. The timing is
shown in figure 15.5.

o LIl

TCNT % H'FF X H'00 %

Overflow signal | |

(internal signal) (( ((
)) ))

OVF (« | | )

))

((

))
Internal reset ( |-7 518 states ———

signal ))

Figure 15.5 Internal Reset Signal Generation Timing

15.4  Interrupt Sources

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
The interval timer interrupt is requested whenever the OVF flag is set to 1 in TCSR. The OVF flag
must be cleared to 0 in the interrupt handling routine.

When the NMI interrupt request is selected in watchdog timer mode, an NMI interrupt request is
generated by an overflow.

Table 15.1 Interrupt Source

Name Interrupt Source Interrupt Flag
WOVI TCNT overflow OVF
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15.5  Usage Notes

15.5.1 Notes on Register Access

TCNT and TCSR differ from other registers in being more difficult to write to. The procedures for
writing to and reading from these registers are given below.

(1) Writing to TCNT and TCSR

These registers must be written to by a word transfer instruction. They cannot be written to by a
byte transfer instruction.

TCNT and TCSR both have the same write address. Therefore, satisfy the relative condition
shown in figure 15.6 to write to TCNT or TCSR. To write to TCNT, the upper bytes must contain
the value H'5A and the lower bytes must contain the write data before the transfer instruction
execution. To write to TCSR, the upper bytes must contain the value H' A5 and the lower bytes
must contain the write data before the transfer instruction execution.

<TCNT write>
15 8 7 0
. i
Address : HFFBC H'5A rite data
<TCSR write>
15 8 7 0
Address : HFFBC H'AS Write data

Figure 15.6 Writing to TCNT and TCSR

(2) Reading from TCNT and TCSR

These registers are read in the same way as other registers. The read address is HFFBC for TCSR
and H'FFBD for TCNT.
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15.5.2  Conflict between Timer Counter (TCNT) Write and Increment

Even if a timer counter clock pulse is generated during the T, state of a TCNT write cycle, the
write takes priority and the timer counter is not incremented. Figure 15.7 shows this operation.

TCNT write cycle

Address X X

Internal write signal

TCNT input clock | |

TCNT N X - M

(

Counter write data

Figure 15.7 Conflict between TCNT Write and Increment

15.5.3  Changing Values of CKS2 to CKSO0 Bits

If bits CKS2 to CKSO0 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) before
changing the values of bits CKS2 to CKS0.

15.5.4  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched between watchdog timer and interval timer, while the WDT is operating,
errors could occur in the incrementation. Software must stop the watchdog timer (by clearing the
TME bit to 0) before switching the mode.
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Section 16 Serial Communication Interface (SCI)

This LSI has five independent serial communication interface (SCI) channels. The SCI can handle
both asynchronous and clocked synchronous serial communication. Asynchronous serial data
communication can be carried out with standard asynchronous communication chips such as a
Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous Communication
Interface Adapter (ACIA). A function is also provided for serial communication between
processors (multiprocessor communication function).

16.1 Features

e Choice of asynchronous or clocked synchronous serial communication mode
e Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously. Double-buffering is used in both the transmitter and the receiver,
enabling continuous transmission and continuous reception of serial data.

e On-chip baud rate generator allows any bit rate to be selected

The external clock can be selected as a transfer clock source.
e Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode 7-bit data)
o Four interrupt sources

Four interrupt sources — transmit-end, transmit-data-empty, receive-data-full, and receive
error — that can issue requests.

e Module stop mode availability
Asynchronous Mode:

e Data length: 7 or 8 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

e Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error

Clocked Synchronous Mode:

e Data length: 8 bits

e Receive error detection: Overrun errors
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Figure 16.1 shows a block diagram of the SCI.

Module data bus

[ ror | | morR | SCMR [ err —
N Ut | =
~—0
SCR Baud rate
— 4
RO —| | RsR | [| TsR SMR generator o
l—10/16
Transmission/
D reception control 9/64
X
Parity generation 1 Clock
Parity check
External clock
SCK
TEI
TXI
RXI
ERI
[Legend]
RSR:  Receive shift register SCR:  Serial control register
RDR: Receive data register SSR:  Serial status register
TSR:  Transmit shift register SCMR: Serial interface mode register
TDR:  Transmit data register BRR:  Bit rate register

SMR:  Serial mode register

Bus interface

Internal data bus

Figure 16.1 Block Diagram of SCI
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16.2  Input/Output Pins
Table 16.1 shows the input/output pins for the SCIL.

Table 16.1 Pin Configuration

Channel  Symbol* /10 Function

0 SCKO 110 Channel 0 clock input/output
RxDO Input Channel 0 receive data input
TxDO Output Channel 0 transmit data output

1 SCK1 110 Channel 1 clock input/output
RxD1 Input Channel 1 receive data input
TxD1 Output Channel 1 transmit data output

2 SCK2 110 Channel 2 clock input/output
RxD2 Input Channel 2 receive data input
TxD2 Output Channel 2 transmit data output

3 SCK3 I/0 Channel 3 clock input/output
RxD3 Input Channel 3 receive data input
TxD3 Output Channel 3 transmit data output

4 SCK4 I/0 Channel 4 clock input/output
RxD4 Input Channel 4 receive data input
TxD4 Output Channel 4 transmit data output

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the
channel designation.
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16.3  Register Descriptions
The SCI has the following registers for each channel.

e Receive shift register (RSR)

e Receive data register (RDR)

e Transmit data register (TDR)

e Transmit shift register (TSR)

e Serial mode register (SMR)

e Serial control register (SCR)

o Serial status register (SSR)

e Serial interface mode register (SCMR)
o Bit rate register (BRR)

16.3.1 Receive Shift Register (RSR)

RSR is a shift register used to receive serial data that converts it into parallel data. When one
frame of data has been received, it is transferred to RDR automatically. RSR cannot be directly
accessed by the CPU.

16.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores receive data. When the SCI has received one frame of serial
data, it transfers the received serial data from RSR to RDR where it is stored. After this, RSR can
receive the next data. Since RSR and RDR function is a double buffer in this way, continuous
receive operations can be performed. After confirming that the RDRF bit in SSR is set to 1, read
RDR for only once. RDR cannot be written to by the CPU. The initial value of RDR is H'00.

16.3.3  Transmit Data Register (TDR)

TDR is an 8-bit register that stores transmit data. When the SCI detects that TSR is empty, it
transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered
structure of TDR and TSR enables continuous serial transmission. If the next transmit data has
already been written to TDR when one frame of data is transmitted, the SCI transfers the written
data to TSR to continue transmission. Although TDR can be read from or written to by the CPU at
all times, to achieve reliable serial transmission, write transmit data to TDR for only once after
confirming that the TDRE bit in SSR is set to 1. The initial value of TDR is H'FF.
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16.3.4

Transmit Shift Register (TSR)

TSR is a shift register that transmits serial data. To perform serial data transmission, the SCI first
transfers transmit data from TDR to TSR, then sends the data to the TxD pin. TSR cannot be
directly accessed by the CPU.

16.3.5

Serial Mode Register (SMR)

SMR is used to set the SCI’s serial transfer format and select the clock source for the on-chip baud
rate generator.

Bit

Bit Name

Initial Value

R/W

Description

7

C/A

0

R/W

Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode

CHR

R/W

Character Length (enabled only in asynchronous
mode)
0: Selects 8 bits as the data length.

1: Selects 7 bits as the data length. LSB-first is
fixed and the MSB of TDR is not transmitted in
transmission.

In clocked synchronous mode, a fixed data length
of 8 bits is used.

PE

R/W

Parity Enable (enabled only in asynchronous
mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity
bit is checked in reception. For a multiprocessor
format, parity bit addition and checking are not
performed regardless of the PE bit setting.

OE

R/W

Parity Mode (enabled only when the PE bit is 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.
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Bit

Bit Name

Initial Value

R/W

Description

3

STOP

0

R/W

Stop Bit Length (enabled only in asynchronous
mode)

Selects the stop bit length in transmission.
0: 1 stop bit
1: 2 stop bits

In reception, only the first stop bit is checked
regardless of the STOP bit setting. If the second
stop bit is 0, it is treated as the start bit of the next
transmit frame.

MP

R/W

Multiprocessor Mode (enabled only in
asynchronous mode)

When this bit is set to 1, the multiprocessor
communication function is enabled. The PE bit
and O/E bit settings are invalid in multiprocessor
mode.

CKS1
CKSO0

R/W
R/W

Clock Select 1,0

These bits select the clock source for the baud
rate generator.

00: ¢ clock (n =0)
01: ¢/4 clock (n=1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)

For the relation between the CKS bit settings and
the baud rate, see section 16.3.9, Bit Rate
Register (BRR). n is the decimal display of the
value of n in BRR (see section 16.3.9, Bit Rate
Register (BRR)).

Rev.2.00 May. 28, 2009 Page 450 of 732
REJ09B0059-0200

RENESAS



Section 16 Serial Communication Interface (SCI)

16.3.6  Serial Control Register (SCR)

SCR is a register that performs enabling or disabling of SCI transfer operations and interrupt
requests, and selection of the transfer clock source. For details on interrupt requests, see section

16.7, Interrupt Sources.

Bit Bit Name Initial Value R/W Description

7 TIE 0 R/W  Transmit Interrupt Enable
When this bit is set to 1, a TXI interrupt request is
enabled.

6 RIE 0 R/W  Receive Interrupt Enable
When this bit is set to 1, RX| and ERI interrupt
requests are enabled.

5 TE 0 R/W  Transmit Enable
When this bit is set to 1, transmission is enabled.

4 RE 0 R/W  Receive Enable
When this bit is set to 1, reception is enabled.

3 MPIE 0 R/W  Multiprocessor Interrupt Enable (enabled only
when the MP bit in SMR is 1 in asynchronous
mode)
When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of
the RDRF, FER, and ORER status flags in SSR is
disabled. On receiving data in which the
multiprocessor bit is 1, this bit is automatically
cleared and normal reception is resumed. For
details, see section 16.5, Multiprocessor
Communication Function.

2 TEIE 0 R/W  Transmit End Interrupt Enable

When this bit is set to 1, a TEI interrupt request is
enabled.
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Bit Bit Name Initial Value R/W Description

1 CKEA1 0 R/W  Clock Enable 1, 0
0 CKEO 0 R/W  These bits select the clock source and SCK pin
function.

Asynchronous mode
00: Internal clock

(SCK pin functions as I/O port.)
01: Internal clock

(Outputs a clock of the same frequency as the
bit rate from the SCK pin.)

1x: External clock
(Inputs a clock with a frequency 16 times the bit
rate to the SCK pin.)

Clocked synchronous mode

0x: Internal clock (SCK pin functions as clock
output.)

1x: External clock (SCK pin functions as clock
input.)

Note: x: Don't care.
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16.3.7  Serial Status Register (SSR)

SSR is a register containing status flags of the SCI and multiprocessor bits for transfer. TDRE,
RDRF, ORER, PER, and FER can only be cleared.

Bit Bit Name Initial Value R/W  Description
7 TDRE 1 R/(W)* Transmit Data Register Empty
Indicates whether TDR contains transmit data.

[Setting conditions]

e When the TE bitin SCR is 0

e When data is transferred from TDR to TSR
and TDR is ready for data write

[Clearing conditions]

e When 0 is written to TDRE after reading TDRE
=1

6 RDRF 0 R/(W)* Receive Data Register Full

Indicates whether receive data is stored in RDR.

[Setting condition]

¢ When serial reception ends normally and
receive data is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF
=1

The RDRF flag is not affected and retains its
previous value even if the RE bit in SCR is cleared
to 0.

5 ORER 0 R/(W)* Overrun Error
[Setting condition]
e When the next serial reception is completed
while RDRF =1
[Clearing condition]
e When 0 is written to ORER after reading
ORER =1
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Bit Bit Name

Initial Value R/W

Description

4 FER

0

R/(W)*

Framing Error

[Setting condition]

e When the stop bitis 0

[Clearing condition]

e When 0 is written to FER after reading FER =
1

In 2-stop-bit mode, only the first stop bit is
checked.

3 PER

R/(W)*

Parity Error

[Setting condition]

e When a parity error is detected during
reception

[Clearing condition]

e When 0 is written to PER after reading PER =
1

2 TEND

Transmit End

[Setting conditions]

e When the TE bitin SCRis 0

e When TDRE = 1 at transmission of the last bit
of a 1-byte serial transmit character

[Clearing conditions]

e When 0 is written to TDRE after reading TDRE
=1

o When data is written to TDR

1 MPB

Multiprocessor Bit

Stores the multiprocessor bit in the receive frame.
When the RE bit in SCR is cleared to 0, this bit is
not changed.

0 MPBT

R/W

Multiprocessor Bit Transfer

Sets the multiprocessor bit to be added to the
transmit frame.

Note: * Only O can be written, to clear the flag.
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16.3.8

SCMR is a register that selects the SCI functions.

Bit Bit Name Initial Value R/W

Serial Interface Mode Register (SCMR)

Description

7t04 — All 1 R

Reserved

These bits are always read as 1 and cannot
be modified.

3 SDIR 0 R/W

Data Transfer Direction
Selects the serial/parallel conversion format.

0: TDR contents are transmitted with LSB-
first.

Stores receive data as LSB first in RDR.

1: TDR contents are transmitted with MSB-
first.

Stores receive data as MSB first in RDR.

The SDIR bit is valid only when the 8-bit data
format is used for transmission/reception;
when the 7-bit data format is used, data is
always transmitted/received with LSB-first.

2 SINV 0 R/W

Data Invert

Specifies inversion of the data logic level. The
SINV bit does not affect the logic level of the
parity bit. When the parity bit is inverted, invert
the O/E bit in SMR.

0: TDR contents are transmitted as they are.
Receive data is stored as it is in RDR.

1: TDR contents are inverted before being
transmitted. Receive data is stored in
inverted form in RDR.

Reserved

This bit is always read as 1 and cannot be
modified.

0 — 0 R/W

Reserved
The initial value should not be changed.

RENESAS
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16.3.9  Bit Rate Register (BRR)

BRR is an 8-bit register that adjusts the bit rate. As the SCI performs baud rate generator control
independently for each channel, different bit rates can be set for each channel. Table 16.2 shows
the relationships between the N setting in BRR and bit rate B for normal asynchronous mode and
clocked synchronous mode. The initial value of BRR is H'FF, and BRR can be read from or
written to by the CPU at all times.

Table 16.2 Relationships between N Setting in BRR and Bit Rate B

Mode Bit Rate Error
Asynchronous mode
B= % Error (%) = { 9% 10° -1} x100
64 x 22" (N + 1) Bx64x22" "X (N+1)
Clocked synchronous s —
¢ x 10
mode B —————
8x 22 % (N +1)
Smart card interface X 108 0% 100
mode o ¥ Error (%) = { —1} x 100
Sx 2 I (N + 1) BxSx2" Ix (N+1)
Notes: B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 <N < 255)
¢: Operating frequency (MHz)
nand S: Determined by the SMR settings shown in the following table.
SMR Setting SMR Setting
CKS1 CKS0 n BCP1 BCPO S
0 0 0 0 0 32
0 1 1 0 1 64
1 0 2 1 0 372
1 1 3 1 1 256

Table 16.3 shows sample N settings in BRR in normal asynchronous mode. Table 16.4 shows the
maximum bit rate settable for each operating frequency. Table 16.6 shows sample N settings in
BRR in clocked synchronous mode. Tables 16.5 and 16.7 show the maximum bit rates with
external clock input.
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Table 16.3 Examples of BRR Settings for Various Bit Rates (Asynchronous Mode) (1)

Operating Frequency ¢ (MHz)

2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 016 O 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 O 108 0.21 0 127 0.00 0 155 0.16
1200 0 51 016 O 54 -0.70 O 63 0.00 0 77 0.16
2400 0 25 016 O 26 114 0 31 0.00 0 38 0.16
4800 0 12 016 O 13 —-2.48 0 15 0.00 0 19 -2.34
9600 — — — 0 6 -2.48 0 0.00 0 9 -2.34
19200 — — — — — — 0 0.00 0 4 -2.34
31250 O 1 0.00 — — — — — — 0 2 0.00
38400 — — — — — — 0 1 0.00 — — —
Operating Frequency ¢ (MHz)
3.6864 4 4.9152 5
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 070 2 70 0.03 2 86 0.31 2 88 —-0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 0.16 1 127  0.00 1 129 0.16
600 0 191 000 O 207 016 O 255 0.00 1 64 0.16
1200 0 95 000 O 103 0.16 O 127  0.00 0 129 0.16
2400 0 47 000 O 51 016 O 63 0.00 0 64 0.16
4800 0 23 000 O 25 016 O 31 0.00 0 32 -1.36
9600 0 11 000 O 12 016 O 15 0.00 0 15 1.73
19200 O 5 0.00 — — — 0 7 0.00 0 7 1.73
31250 — — — 0 3 000 O -170 0 4 0.00
38400 O 2 0.00 — — — 0 0.00 0 1.73
[Legend]

— Can be set, but there will be a degree of error.
Note: Make the settings so that the error does not exceed 1%.
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Table 16.3 Examples of BRR Settings for Various Bit Rates (Asynchronous Mode) (2)

Operating Frequency ¢ (MHz)

6 6.144 7.3728 8
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 044 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 016 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 0.16 1 159 0.00 1 191  0.00 1 207 0.16
600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 O 159 0.00 O 191  0.00 0 207 0.16
2400 0 77 016 O 79 000 O 95 0.00 0 103 0.16
4800 0 38 016 O 39 000 O 47 0.00 0 51 0.16
9600 0 19 -234 0 19 000 O 23 0.00 0 25 0.16
19200 O 9 234 0 9 000 O 11 0.00 0 12 0.16
31250 O 000 O 5 240 — — — 0 7 0.00
38400 O 234 0 000 O 5 0.00 — — —
Operating Frequency ¢ (MHz)
9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -025 2 212 0.08 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79 0.00
2400 0 127 000 O 129 0.16 O 155 0.16 0 159 0.00
4800 0 63 000 O 64 016 O 77 0.16 0 79 0.00
9600 0 31 000 O 32 -1.36 0 38 0.16 0 39 0.00
19200 O 15 000 O 15 173 0 19 -234 0 19 0.00
31250 O 9 -1.70 0 9 000 O 11 0.00 0 11 2.40
38400 O 7 000 O 7 173 0 9 -234 0 9 0.00
[Legend]

— Can be set, but there will be a degree of error.

Note: Make the settings so that the error does not exceed 1%.
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Table 16.3 Examples of BRR Settings for Various Bit Rates (Asynchronous Mode) (3)

Operating Frequency ¢ (MHz)

14 14.7456 16 17.2032
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191 0.00 2 207 0.16 2 223 0.00
300 2 90 0.16 2 95 0.00 2 103 0.16 2 111 0.00
600 1 181 0.16 1 191 0.00 1 207 0.16 1 223 0.00
1200 1 90 0.16 1 95 0.00 1 103 0.16 1 111 0.00
2400 0 181 0.16 0 191 0.00 0 207 0.16 0 223 0.00
4800 0 90 0.16 0 95 0.00 0 103 0.16 0 111 0.00
9600 0 45 -0.93 0 47  0.00 0 51 0.16 0 55 0.00
19200 0 22 -0.93 0 23 0.00 0 25 0.16 0 27 0.00
31250 0 13  0.00 0 14  -1.70 0 15  0.00 0 16 1.20
38400 —_ = — 0 11 0.00 0 12 0.16 0 16 0.00
Operating Frequency ¢ (MHz)
18 19.6608 20
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 0.31 3 88 —-0.25
150 2 233 0.16 2 255 0.00 3 64 0.16
300 2 116 0.16 2 127 0.00 2 129 0.16
600 1 233 0.16 1 255 0.00 2 64 0.16
1200 1 116 0.16 1 127 0.00 1 129 0.16
2400 0 233 0.16 0 255 0.00 1 64 0.16
4800 0 116 0.16 0 127 0.00 0 129 0.16
9600 0 58 -0.69 0 63 0.00 0 64 0.16
19200 0 28 1.02 0 31 0.00 0 32 -1.36
31250 0 17 0.00 0 19 -1.70 0 19 0.00
38400 0 14 -2.34 0 15 0.00 0 15 1.73
[Legend]

— Can be set, but there will be a degree of error.
Note: Make the settings so that the error does not exceed 1%.
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Table 16.4 Maximum Bit Rate for Each Operating Frequency (Asynchronous Mode)

Maximum Maximum

Bit Rate Bit Rate
¢ (MHz) (bit/s) n N ¢ (MH2) (bit/s) n N
2 62500 0 0 9.8304 307200 0 0
2.097152 65536 0 0 10 312500 0 0
2.4576 76800 0 0 12 375000 0 0
3 93750 0 0 12.288 384000 0 0
3.6864 115200 O 0 14 437500 0 0
4 125000 O 0 14.7456 460800 0 0
4.9152 153600 O 0 16 500000 0 0
5 156250 O 0 17.2032 537600 0 0
6 187500 O 0 18 562500 0 0
6.144 192000 O 0 19.6608 614400 0 0
7.3728 230400 O 0 20 625000 0 0
8 250000 O 0

Table 16.5 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

External Input Maximum Bit External Input Maximum Bit
¢ (MHz) Clock (MHz) Rate (bit/s) ¢ (MHz) Clock (MHz) Rate (bit/s)
2 0.5000 31250 9.8304 2.4576 153600
2.097152 0.5243 32768 10 2.5000 156250
2.4576 0.6144 38400 12 3.0000 187500
3 0.7500 46875 12.288 3.0720 192000
3.6864 0.9216 57600 14 3.5000 218750
4 1.0000 62500 14.7456 3.6864 230400
49152 1.2288 76800 16 4.0000 250000
5 1.2500 78125 17.2032 4.3008 268800
6 1.5000 93750 18 4.5000 281250
6.144 1.5360 96000 19.6608 4.9152 307200
7.3728 1.8432 115200 20 5.0000 312500
8 2.0000 125000
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Table 16.6 BRR Settings for Various Bit Rates (Clocked Synchronous Mode)

Operating Frequency ¢ (MHz)

Bit Rate 4 8 10 16 20
(bit/s) n N n N n N n N n N n N
110 3 70 — -

250 2 124 2 249 3 124 — — 3 249

500 1 249 2 124 2 249 — — 3 124 — —
1k 1 124 1 249 2 124 — — 2 249 —_ =
2.5k 0 199 1 99 1 199 1 249 2 99 2 124
5k 0 99 0 199 1 99 1 124 1 199 1 249
10k 0 49 0 99 0 199 0 249 1 99 1 124
25k 0 19 0 39 0 79 0 99 0 159 0 199
50k 0 9 0 19 0 39 0 49 0 79 0 99
100k 0 0 9 0 19 0 24 0 39 0 49
250k 0 0 3 0 7 0 9 0 15 0 19
500k 0 0* 0 1% 0 3 0 0 7 0

1M 0 0 0 1 0 3 0

2.5M 0 0* 0

5M 0 0*
[Legend]

Blank: Setting prohibited.
— Can be set, but there will be a degree of error.
*: Continuous transmission or reception is not possible.

Table 16.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous Mode)

External Input Maximum Bit External Input Maximum Bit
¢ (MHz) Clock (MHz) Rate (bit/s) ¢ (MHz) Clock (MHz) Rate (bit/s)
2 0.3333 333333.3 12 2.0000 2000000.0
4 0.6667 666666.7 14 2.3333 2333333.3
6 1.0000 1000000.0 16 2.6667 2666666.7
8 1.3333 1333333.3 18 3.0000 3000000.0
10 1.6667 1666666.7 20 3.3333 3333333.3
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16.4  Operation in Asynchronous Mode

Figure 16.2 shows the general format for asynchronous serial communication. One frame consists
of a start bit (low level), followed by transmit/receive data, a parity bit, and finally stop bits (high
level). In asynchronous serial communication, the transmission line is usually held in the mark
state (high level). The SCI monitors the transmission line, and when it detects the space state (low
level), recognizes a start bit and starts serial communication. Inside the SCI, the transmitter and

receiver are independent units, enabling full-duplex communication. Both the transmitter and the
receiver also have a double-buffered structure, so that data can be read from or written to during
transmission or reception, enabling continuous data transmission and reception.

Idle state
(mark state)

1

Serial
data

LSB MSB
0 DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | 0/1 1 1
Start Parity | Stop bit
bit Transmit/receive data bit
1 bit 7 or 8 bits 1bitor 1 or2 bits

none

One unit of transfer data (character or frame)

Figure 16.2 Data Format in Asynchronous Communication

(Example with 8-Bit Data, Parity, Two Stop Bits)
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16.4.1 Data Transfer Format

Table 16.8 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected according to the SMR setting. For details on the multiprocessor
bit, see section 16.5, Multiprocessor Communication Function.

Table 16.8 Serial Transfer Formats (Asynchronous Mode)

SMR Settings Serial Transmit/Receive Format and Frame Length
CHR PE MP STOP 1I 2 I3 |4|5| 6I 7 I8I 9|10|ll|12I

0 0 0 0 S | 8-bit data |STOP

0 0 0 1 S | 8-bit data |STOP| STOP

0 1 0 0 S | 8-bit data | P |STOP

0 1 0 1 S | 8-bit data | P |STOP|STOP

1 0 0 0 S | 7-bit data |STOP

1 0 0 1 S | 7-bit data |STOP| STOP

1 1 0 0 s | 7-bit data | P [srop

1 1 0 1 S | 7-bit data | P |STOP|STOP

0 — 1 0 S | 8-bit data | MPB|STOP

0 — 1 1 S | 8-bit data | MPB|STOP|STOP

1 — 1 0 S | 7-bit data | MPB|STOP

1 — 1 1 S | 7-bit data | MPB|STOP|STOP
[Legend]
S: Start bit

STOP: Stop bit
P: Parity bit
MPB: Multiprocessor bit
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16.4.2  Receive Data Sampling Timing and Reception Margin in Asynchronous Mode

In asynchronous mode, the SCI operates on a basic clock with a frequency of 16 times the bit rate.
In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. If receive data is sampled at the rising edge of the 8th pulse of the basic
clock, data is latched at the middle of each bit, as shown in figure 16.3. Thus the reception margin
in asynchronous mode is determined by formula (1) below.

M:{(o.5—21—N —%—(L—os)l:}xloo [%] - Formula (1)

: Reception margin (%)

: Ratio of bit rate to clock (N = 16)

: Clock duty (D = 0.5 to 1.0)

: Frame length (L = 9 to 12)

: Absolute value of clock rate deviation

mrozg

Assuming values of F =0 and D = 0.5 in formula (1), the reception margin is determined by the
formula below.

M={05-1/(2x 16)} x 100 [%] = 46.875 %

However, this is only the computed value, and a margin of 20% to 30% should be allowed in
system design.

16 clocks |

8 clocks
0 7 15/ 0 7 150
Internal m||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
basic clock

Receive data —I
(RxD) 1l

Start bit

Synchronization
sampling timing

Data sampling
timing n n

Figure 16.3 Receive Data Sampling Timing in Asynchronous Mode
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16.4.3

Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK pin can be selected as the SCI’s transfer clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEQ bits in SCR. When an external clock is input at the SCK pin, the

clock frequency should be 16 times the bit rate.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock is in the middle of the transmit data, as shown in figure 16.4.

XD

0

DO

D1

D2

D3 D4 D5 D6

D7 | 0/1 1 1

1 frame

Figure 16.4 Relation between Output Clock and Transmit Data Phase
(Asynchronous Mode)
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16.44  SCI Initialization (Asynchronous Mode)

Before transmitting and receiving data, first clear the TE and RE bits in SCR to 0, then initialize
the SCI as shown in figure 16.5. When the operating mode, transfer format, etc., is changed, the
TE and RE bits must be cleared to 0 before making the change using the following procedure.
When the TE bit is cleared to 0, the TDRE flag in SSR is set to 1. Note that clearing the RE bit to
0 does not initialize the contents of the RDRF, PER, FER, and ORER flags in SSR, or the contents
of RDR. When the external clock is used in asynchronous mode, the clock must be supplied even
during initialization.

( Start initialization ) [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,

| TEIE, and MPIE, and bits TE and

RE, to 0.

| Clear TE and RE bits in SCR to 0 |
| When the clock is selected in
asynchronous mode, it is output
[1] immediately after SCR settings are
made.

Set CKE1 and CKEO bits in SCR
(TE and RE bits are 0)

Set data transfer format in
SMR and SCMR
| [3] Write a value corresponding to the
Set value in BRR 3] bit rate to BRR. Not necessary if
an external clock is used.

[2] Setthe data transfer format in SMR
[2] and SCMR.

A Wait

- [4] Wait at least one bit interval, then
No set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

1-bit interval elapsed?

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Set TE and RE bits in
SCRto 1, and set RIE, TIE, TEIE, [4]
and MPIE bits

<Initialization completion>

Figure 16.5 Sample SCI Initialization Flowchart
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16.4.5 Serial Data Transmission (Asynchronous Mode)

Figure 16.6 shows an example of the operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

L.

The SCI monitors the TDRE flag in SSR, and if it is cleared to 0, recognizes that data has been
written to TDR, and transfers the data from TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at this time, a transmit data empty (TXI) interrupt
request is generated. If the TXI interrupt routine writes the next transmit data to TDR before
transmission of the current transmit data has finished, continuous transmission can be enabled.
Data is sent from the TxD pin in the following order: start bit, transmit data, parity bit or
multiprocessor bit (may be omitted depending on the format), and stop bit.

The SCI checks the TDRE flag at the timing for sending the stop bit.

If the TDRE flag is 0, the next transmit data is transferred from TDR to TSR, the stop bit is
sent, and then serial transmission of the next frame is started.

If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the “mark
state” is entered in which 1 is output. If the TEIE bit in SCR is set to 1 at this time, a TEI
interrupt request is generated.

Figure 16.7 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit I bit bit bit ( bit bit 1
1) ))
o | bo| b1 o7 |o1] 1| o |po| D2 D7 | onn Idle state
( (mark state)
1)

((
)

((

TDRE ! vV
1 (C 1
1 ) 1
TEND : {( : {(
' ) )7
TXI interrupt Data written to TDR and TXI interrupt )
request generated TDRE flag clearedto 0in  request generated TEl interrupt
E TXI interrupt processing routine request generated
E 1 frame E

Figure 16.6 Example of Operation in Transmission in Asynchronous Mode (Example with

8-Bit Data, Parity, One Stop Bit)
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| Initialization | [1]
|
C Start transmission )
|
|
| Read TDRE flag in SSR | 2]
No
Yes

Write transmit data to TDR
and clear TDRE flag in SSR to 0

All data transmitted?

Yes
- (3]

Read TEND flag in SSR

Break output?

Clear DR to 0 and
set DDR to 1

Clear TE bitin SCR to 0

<End>

(1]

(2]

(3]

(4]

SCl initialization:

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bit is set to 1, a frame
of 1s is output, and transmission is
enabled.

SCI status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,
then write data to TDR, and clear
the TDRE flag to 0.

Break output at the end of serial
transmission:

To output a break in serial
transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Figure 16.7 Sample Serial Transmission Flowchart
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16.4.6  Serial Data Reception (Asynchronous Mode)

Figure 16.8 shows an example of the operation for reception in asynchronous mode. In serial
reception, the SCI operates as described below.

1. The SCI monitors the communication line, and if a start bit is detected, performs internal
synchronization, receives receive data in RSR, and checks the parity bit and stop bit.

2. If an overrun error (when reception of the next data is completed while the RDRF flag in SSR
is still set to 1) occurs, the ORER bit in SSR is set to 1. If the RIE bit in SCR is set to 1 at this
time, an ERI interrupt request is generated. Receive data is not transferred to RDR. The RDRF
flag remains to be set to 1.

3. If a parity error is detected, the PER bit in SSR is set to 1 and receive data is transferred to
RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interrupt request is generated.

4. If a framing error (when the stop bit is 0) is detected, the FER bit in SSR is set to 1 and receive
data is transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interrupt
request is generated.

5. If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt request is
generated. If the RXI interrupt processing routine reads the receive data transferred to RDR
before reception of the next receive data has finished, continuous reception can be enabled.

Start Data Parity Stop Start Data Parity Stop
1 bit ( bit ~ bit  bit ( bit  bit 1
)) ))
o | bo | b1 p7 (o] 1 | o | o | b1 o7 | o1 | o | |dlestate
( ( (mark state)

)) ))

RDRF «
)

((

FER «
)

((
))

RDR data read and RDRF !
flag cleared to 0 in RXI ERI interrupt request

interrupt processing routine generated by framing
error

RXI interrupt
request
generated

1 frame

Figure 16.8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)

Table 16.9 shows the states of the SSR status flags and receive data handling when a receive error
is detected. If a receive error is detected, the RDRF flag retains its state before receiving data.
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Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the ORER,
FER, PER, and RDRF flags to 0 before resuming reception. Figure 16.9 shows a sample flowchart

for serial data reception.

Table 16.9 SSR Status Flags and Receive Data Handling

SSR Status Flags

RDRF* ORER FER PER

Receive Data

Receive Error Type

Transferred to RDR

Framing error + parity error

Lost

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR  Framing error

0 0 0 1 Transferred to RDR  Parity error

1 1 1 0 Lost Overrun error + framing error
1 1 0 1 Lost Overrun error + parity error

0 0 1 1

1 1 1 1

Overrun error + framing error +
parity error

Note: * The RDRF flag retains the state it had before data reception.
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[1] SClinitialization:

| Initialization | (1 The RxD pin is automatically
I designated as the receive data input

( Start reception ) pin.

-

1 [2] [3] Receive error processing and break

Read ORER, PER, and . detection:
FER flags in SSR 2l If a receive error occurs, read the
ORER, PER, and FER flags in SSR to

identify the error. After performing the
appropriate error processing, ensure
that the ORER, PER, and FER flags are
all cleared to 0. Reception cannot be
resumed if any of these flags are set to
1. In the case of a framing error, a
break can be detected by reading the

Error processing

(Continued on next page)

| Read RDREF flag in SSR | 4] value of the input port corresponding to
the RxD pin.

No [4] SCI status check and receive data read:
Read SSR and check that RDRF =1,
then read the receive data in RDR and

Yes clear the RDRF flag to 0. Transition of
the RDRF flag from O to 1 can also be
Read receive data in RDR, and identified by an RXI interrupt.

clear RDRF flag in SSR to 0

[5] Serial reception continuation procedure:
To continue serial reception, before the
stop bit for the current frame is
[5] received, read the RDRF flag, read
RDR, and clear the RDRF flag to 0.

All data received?

Clear RE bitin SCR to 0

<End> [Legend]
v : Logical add (OR)

Figure 16.9 Sample Serial Reception Flowchart (1)
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[3]
( Error processing )

No

Yes

Overrun error processing

Yes
Break?

No

Y

Framing error processing | | Clear RE bitin SCRto 0

No

Parity error processing

-t

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 16.9 Sample Serial Reception Flowchart (2)
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16.5  Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer to be performed among a
number of processors sharing communication lines by means of asynchronous serial
communication using the multiprocessor format, in which a multiprocessor bit is added to the
transfer data. When multiprocessor communication is carried out, each receiving station is
addressed by a unique ID code. The serial communication cycle consists of two component cycles:
an ID transmission cycle which specifies 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. If the multiprocessor bit is 1, the cycle is an ID
transmission cycle, and if the multiprocessor bit is 0, the cycle is a data transmission cycle. Figure
16.10 shows an example of inter-processor communication using the multiprocessor format. The
transmitting station first sends communication data with a 1 multiprocessor bit added to the ID
code of the receiving station. It then sends transmit data as data with a 0 multiprocessor bit added.
The receiving station skips data until data with a 1 multiprocessor bit is sent. When data with a 1
multiprocessor bit is received, the receiving station compares that data with its own ID. The
station whose ID matches then receives the data sent next. Stations whose ID does not match
continue to skip data until data with a 1 multiprocessor bit is again received.

The SCI uses the MPIE bit in SCR to implement this function. When the MPIE bit is set to 1,
transfer of receive data from RSR to RDR, error flag detection, and setting the SSR status flags,
RDRF, FER, and ORER in SSR to 1 are prohibited until data with a 1 multiprocessor bit is
received. On reception of a receive character with a 1 multiprocessor bit, the MPB bit in SSR is set
to 1 and the MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit in
SCR is set to 1 at this time, an RXT interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is invalid. All other bit settings
are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.
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Transmitting
station
Serial communication line
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID =03) (ID = 04)

data

Serial / \ / o1 /

\ [ Hm\ [\ ]

(MPB=1)! (MPB =0) |

ID transmission cycle =

receiving station
specification

[Legend]
MPB: Multiprocessor bit

Data transmission cycle =
Data transmission to
receiving station specified by 1D

Figure 16.10 Example of Communication Using Multiprocessor Format
(Transmission of Data H'AA to Receiving Station A)
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16.5.1

Multiprocessor Serial Data Transmission

Figure 16.11 shows a sample flowchart for multiprocessor serial data transmission. For an ID
transmission cycle, set the MPBT bit in SSR to 1 before transmission. For a data transmission
cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI operations are the same

as those in asynchronous mode.

| Initialization

I

( Start transmission

[

[

I Read TDRE flag in SSR

Write transmit data to TDR and
set MPBT bit in SSR

[

Clear TDRE flag to 0

All data transmitted?

Clear DR to 0 and set DDR to 1

|

Clear TE bit in SCR to 0

|

<End>

(1

(2]

(3]

[1]

[2

[3]

[4]

SCl initialization:

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bitis setto 1, a
frame of 1s is output, and
transmission is enabled.

SCI status check and transmit
data write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR. Set the
MPBT bitin SSRto 0 or 1.
Finally, clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is
possible, then write data to TDR,
and then clear the TDRE flag to 0.

Break output at the end of serial
transmission:

To output a break in serial
transmission, set port DDR to 1,
clear DR to 0, and then clear the
TE bitin SCR to 0.

Figure 16.11 Sample Multiprocessor Serial Transmission Flowchart

RENESAS

Rev.2.00 May. 28, 2009 Page 475 of 732
REJ09B0059-0200




Section 16 Serial Communication Interface (SCI)

16.5.2  Multiprocessor Serial Data Reception

Figure 16.13 shows a sample flowchart for multiprocessor serial data reception. If the MPIE bit in
SCR is set to 1, data is skipped until data with a 1 multiprocessor bit is sent. On receiving data
with a 1 multiprocessor bit, the receive data is transferred to RDR. An RXI interrupt request is
generated at this time. All other SCI operations are the same as those in asynchronous mode.
Figure 16.12 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop Start Data (Data 1) Stop
1 bit (« MPB  bit bit (« MPB  bit 1
1) 1)
0 DO | D1 D7 1 1 | 0 | DO | D1 | | D7 | 0 | 1 Idle state
( {5 (mark state)

MPIE

RDRF « | | («
) )
Jd / ‘

RDR X D1
value
MPIE =0 RXI interrupt RDR data read If not this station’s ID, ~ RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated processing routine

(a) Data does not match station’s ID

Start Data (ID2) Stop  Start Data (Data 2) Stop
1 bit ( MPB  bit bit ( MPB bit 1
)T )]
|0|D0|D1| |D7|1 l|0|D0|D1| |D7|O|l|dlestate
{5 {5 (mark state)
MPIE | (©
/ ))
RDRF ( /l | ( | |
RDR ID1 X ID2 X | paaz
value
MPIE=0 RXI interrupt RDR dataread and  Matches this station’s ID, MPIE bit setto 1
request RDREF flag cleared S0 reception continues, and  again
(multiprocessor to 0 in RXl interrupt  data is received in RXI
interrupt) processing routine interrupt processing routine
generated

(b) Data matches station’s ID

Figure 16.12 Example of SCI Operation in Reception (Example with 8-Bit Data,
Multiprocessor Bit, One Stop Bit)
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| Initialization | [1]
C Start reception )

-]
| Set MPIE bitin SCR to 1 | [2]

Il
Read ORER and FER flags in SSR |

FER v ORER =1
No

Read RDRF flag in SSR

No
Yes

Read receive data in RDR

This station’s ID?

Yes

-t

Read ORER and FER flags in SSR

es

Y
FERVvORER=1
No

Read RDRF flag in SSR

*

Read receive data in RDR

All data received?

Clear RE bitin SCR to 0

<End>

y

/

(5]

[1] SCl initialization:
The RxD pin is automatically designated
as the receive data input pin.

(2]

ID reception cycle:
Set the MPIE bit in SCR to 1.

[3] SCI status check, ID reception and
comparison:

Read SSR and check that the RDRF
flag is set to 1, then read the receive
data in RDR and compare it with this
station’s ID.

If the data is not this station’s ID, set the
MPIE bit to 1 again, and clear the RDRF
flag to 0.

If the data is this station’s ID, clear the
RDRF flag to 0.

[4] SCI status check and data reception:
Read SSR and check that the RDRF
flag is set to 1, then read the data in

RDR.
(3]

Receive error processing and break
detection:

If a receive error occurs, read the ORER
and FER flags in SSR to identify the
error. After performing the appropriate
error processing, ensure that the ORER
and FER flags are all cleared to 0.
Reception cannot be resumed if either
of these flags is set to 1.

In the case of a framing error, a break
can be detected by reading the RxD pin
value.

[Legend]
v : Logical add (OR)

( Error processing )

(Continued on
next page)

Figure 16.13 Sample Multiprocessor Serial Reception Flowchart (1)
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[5] ( Error processing )

No

Yes

Overrun error processing

-

Yes
Break?

No

Y
Framing error processing | | Clear RE bitin SCRto 0

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 16.13 Sample Multiprocessor Serial Reception Flowchart (2)

Rev.2.00 May. 28, 2009 Page 478 of 732
REJ09B0059-0200 RENESAS



Section 16 Serial Communication Interface (SCI)

16.6  Operation in Clocked Synchronous Mode

Figure 16.14 shows the general format for clocked synchronous communication. In clocked
synchronous mode, data is transmitted or received in synchronization with clock pulses. One
character in transfer data consists of 8-bit data. In data transmission, the SCI outputs data from one
falling edge of the synchronization clock to the next. In data reception, the SCI receives data in
synchronization with the rising edge of the synchronization clock. After 8-bit data is output, the
transmission line holds the last-bit output state. In clocked synchronous mode, no parity or
multiprocessor bit is added. Inside the SCI, the transmitter and receiver are independent units,
enabling full-duplex communication by use of a common clock. Both the transmitter and the
receiver also have a double-buffered structure, so that the next transmit data can be written during
transmission or the previous receive data can be read during reception, enabling continuous data

transfer.
, One unit of transfer data (character or frame) ,
* h 1 *
Synchronization | | | | | | | | | | I | I | | | | | |
clock ' '
1 LSB MSB |
Serial data A XBito XBit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
I ' l
Don't care Don't care

Note: * High except in continuous transfer

Figure 16.14 Data Format in Clocked Synchronous Communication (LSB-First)

16.6.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK pin can be selected, according to the setting of the CKE1
and CKEQ bits in SCR. When the SCI is operated on an internal clock, the synchronization clock
is output from the SCK pin. Eight synchronization clock pulses are output in the transfer of one
character, and when no transfer is performed, the clock is fixed high.
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16.6.2  SCI Initialization (Clocked Synchronous Mode)

Before transmitting and receiving data, first clear the TE and RE bits in SCR to 0, then initialize
the SCI as described in a sample flowchart in figure 16.15. When the operating mode, transfer
format, etc., is changed, the TE and RE bits must be cleared to 0 before making the change using
the following procedure. When the TE bit is cleared to 0, the TDRE flag in SSR is set to 1.
However, clearing the RE bit to 0 does not initialize the RDRF, PER, FER, and ORER flags in
SSR, or RDR.

C Start initialization ) [1] Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, MPIE, TE,
and RE to 0.

lear TE RE bits i Rt | .
| Clear TE and RE bits in SCR 0 0 [2] Setthe data transfer format in SMR and

| SCMR.

Set CKE1 and CKEO bits in SCR (1] [3] Write a value corresponding to the bit
(TE and RE bits are 0) rate to BRR. This step is not necessary
I if an external clock is used.

Set data transfer format in 2 [4] Wait at least one bit interval, then set
SMR and SCMR the TE bit or RE bit in SCR to 1.
| Also set the RIE, TIE, TEIE, and MPIE

Set value in BRR [3] blts', i
Setting the TE and RE bits enables the
Wait TxD and RxD pins to be used.

No
1-bit interval elapsed?

Set TE and RE bits in SCR to 1, and 4]
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

Note: In simultaneous transmit and receive operations, the TE and RE bits should both be cleared
to O or set to 1 simultaneously.

Figure 16.15 Sample SCI Initialization Flowchart
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16.6.3  Serial Data Transmission (Clocked Synchronous Mode)

Figure 16.16 shows an example of SCI operation for transmission in clocked synchronous mode.
In serial transmission, the SCI operates as described below.

l.

The SCI monitors the TDRE flag in SSR, and if it is 0, recognizes that data has been written to
TDR, and transfers the data from TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at this time, a TXI interrupt request is generated.
If the TXI interrupt routine writes the next transmit data to TDR before transmission of the
current transmit data has finished, continuous transmission can be enabled.

8-bit data is output from the TxD pin synchronized with the output clock when output clock
mode has been specified and synchronized with the input clock when use of an external clock
has been specified.

4. The SCI checks the TDRE flag at the timing for sending the last bit.

If the TDRE flag is cleared to 0, the next transmit data is transferred from TDR to TSR, and
serial transmission of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the SCI maintains the output
state of the last bit. If the TEIE bit in SCR is set to 1 at this time, a TEI interrupt request is
generated. The SCK pin is fixed high.

Figure 16.17 shows a sample flowchart for serial data transmission. Even if the TDRE flag is
cleared to O, transmission will not start while a receive error flag (ORER, FER, or PER) is set to 1.
Make sure to clear the receive error flags to 0 before starting transmission. Note that clearing the
RE bit to 0 does not clear the receive error flags.
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Transfer direction

Synchronization l | | | | | | | l | | | | ISSl | | |
clock

Serial data

TDRE
TEND

{(

)(BitoXBitl)CD(Bit7XBitoXBit1

)

{(

)(:: X Bit 6 X Bit 7
((
)

{(

TXI interrupt
request generated

)]

Data written to TDR
and TDRE flag cleared
to 0 in TXI interrupt
processing routine

TXI iﬁterrupt
request generated

1 frame

))

TEI interrupt request
generated

Figure 16.16 Sample SCI Transmission Operation in Clocked Synchronous Mode
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Initialization

)

Start transmission

|

Read TDRE flag in SSR

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

All data transmitted?

w (1]
(2]
(2
No
(3]
[3]

Read TEND flag in SSR

Yes

Clear TE bitin SCR to 0

<End>

No

SCl initialization:

The TxD pin is automatically
designated as the transmit data output
pin.

SCI status check and transmit data
write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0.

Figure 16.17 Sample Serial Transmission Flowchart
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16.6.4  Serial Data Reception (Clocked Synchronous Mode)

Figure 16.18 shows an example of SCI operation for reception in clocked synchronous mode. In
serial reception, the SCI operates as described below.

1. The SCI performs internal initialization in synchronization with a synchronization clock input
or output, starts receiving data, and stores the receive data in RSR.

2. If an overrun error (when reception of the next data is completed while the RDRF flag in SSR
is still set to 1) occurs, the ORER bit in SSR is set to 1. If the RIE bit in SCR is set to 1 at this
time, an ERI interrupt request is generated. Receive data is not transferred to RDR. The RDRF
flag remains to be set to 1.

3. If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt request is
generated. If the RXI interrupt processing routine reads the receive data transferred to RDR
before reception of the next receive data has finished, continuous reception can be enabled.

Synchronization | | | | | | | | | | | | | | % | | | |
clock

Serial data X Bit 7 X Bit0 )CZ X Bit 7 X Bit 0 X Bit 1 )C (Bit6 X Bit 7 )
RDRF : :

ORER ; E S

f

RXI interrupt RDR data read and RXI interrupt ERI interrupt request
request ' RDREF flag cleared request generated generated by overrun
generated  to 0 in RXI interrupt error

E processing routine

! 1 frame

Figure 16.18 Example of SCI Receive Operation in Clocked Synchronous Mode

Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the ORER,
FER, PER, and RDRF flags to 0 before resuming reception. Figure 16.19 shows a sample
flowchart for serial data reception.
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| Initialization |
|

( Start reception )

| Read ORER flag in SSR |

Read RDRF flag in SSR |

No

Yes

Read receive data in RDR and
clear RDRF flag in SSR to 0

All data received?

Clear RE bitin SCRto 0

<End>

3] (
|

Error processing )

| Overrun error processing

| Clear ORER flag in SSR to 0

<End>

[

(2]

[3]

Error processing

(Continued below)

[4]

[5]

[1] SClinitialization:
The RxD pin is automatically
designated as the receive data input
pin.

[2] [3] Receive error processing:
If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to 0.
Transfer cannot be resumed if the
ORER flag is set to 1.

[4] SCI status check and receive data
read:
Read SSR and check that the RDRF
flag is set to 1, then read the receive
data in RDR and clear the RDRF flag
to 0.
Transition of the RDRF flag from 0 to 1
can also be identified by an RXI
interrupt.

[5] Serial reception continuation
procedure:
To continue serial reception, before
the MSB (bit 7) of the current frame is
received, reading the RDRF flag,
reading RDR, and clearing the RDRF
flag to 0 should be finished.

Figure 16.19 Sample Serial Reception Flowchart
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16.6.5 Simultaneous Serial Data Transmission and Reception (Clocked Synchronous
Mode)

Figure 16.20 shows a sample flowchart for simultaneous serial transmit and receive operations.
After initializing the SCI, the following procedure should be used for simultaneous serial data
transmit and receive operations. To switch from transmit mode to simultaneous transmit and
receive mode, after checking that the SCI has finished transmission and the TDRE and TEND
flags in SSR are set to 1, clear the TE bit in SCR to 0. Then simultaneously set the TE and RE bits
to 1 with a single instruction. To switch from receive mode to simultaneous transmit and receive
mode, after checking that the SCI has finished reception, clear the RE bit to 0. Then after checking
that the RDRF bit in SSR and receive error flags (ORER, FER, and PER) are cleared to O,
simultaneously set the TE and RE bits to 1 with a single instruction.
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[1] SClinitialization:
The TxD pin is designated as the
I transmit data output pin, and the RxD
( Start transmission/reception ) pin is designated as the receive data
— input pin, enabling simultaneous
| transmit and receive operations.

| Read TDRE flag in SSR | 2l [2] SCI status check and transmit data
write:
No Read SSR and check that the TDRE
flag is set to 1, then write transmit
data to TDR and clear the TDRE flag

| Initialization | [1]

Yes to 0.
Transition of the TDRE flag from 0 to
Write transmit data to TDR and 1 can also be identified by a TXI
clear TDRE flag in SSR to 0 interrupt.
[3] Receive error processing:

If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to 0.
Transmission/reception cannot be
resumed if the ORER flag is set to 1.

[4] SCI status check and receive data
read:
Read SSR and check that the RDRF
flag is set to 1, then read the receive

Read RDRF flag in SSR | (4] data in RDR and clear the RDRF flag
to 0. Transition of the RDRF flag from
No 0to 1 can also be identified by an RXI
interrupt.
Yes [5] Serial transmission/reception

continuation procedure:
To continue serial transmission/

Read receive data in RDR, and reception, before the MSB (bit 7) of
clear RDRF flag in SSR to 0

the current frame is received, finish
reading the RDRF flag, reading RDR,
and clearing the RDRF flag to 0. Also,

5] before the MSB (bit 7) of the current
frame is transmitted, read 1 from the
TDRE flag to confirm that writing is
possible. Then write data to TDR and
clear the TDRE flag to 0.

All data received?

Clear TE and RE bits in SCR to 0

<End>

Note: When switching from transmit or receive operation to simultaneous
transmit and receive operations, first clear the TE bit and RE bit to 0,
then set both these bits to 1 simultaneously.

Figure 16.20 Sample Flowchart of Simultaneous Serial Transmission and Reception
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16.7 Interrupt Sources

Table 16.10 shows the interrupt sources in normal serial communication interface mode. A
different interrupt vector is assigned to each interrupt source, and individual interrupt sources can
be enabled or disabled using the enable bits in SCR.

When the TDRE flag in SSR is set to 1, a TXI interrupt request is generated. When the TEND flag
in SSR is set to 1, a TEI interrupt request is generated.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flag in SSR is set to 1, an ERI interrupt request is generated.

A TEI interrupt is generated when the TEND flag is set to 1 while the TEIE bit is set to 1. If a TEI
interrupt and a TXI interrupt are generated simultaneously, the TXI interrupt has priority for
acceptance. However, note that if the TDRE and TEND flags are cleared simultaneously by the
TXIT interrupt routine, the SCI cannot branch to the TEI interrupt routine later.
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Table 16.10 SCI Interrupt Sources

Channel Name Interrupt Source Interrupt Flag Priority
0 ERIO Receive error ORER, FER, PER High
RXIO Receive data full RDRF 4
TXIO Transmit data empty TDRE
TEIO Transmit end TEND
1 ERI1 Receive error ORER, FER, PER
RXI1 Receive data full RDRF
XN Transmit data empty TDRE
TEN Transmit end TEND
2 ERI2 Receive error ORER, FER, PER
RXI2 Receive data full RDRF
TXI2 Transmit data empty TDRE
TEI2 Transmit end TEND
3 ERI3 Receive error ORER, FER, PER
RXI3 Receive data full RDRF
TXI3 Transmit data empty TDRE
TEI3 Transmit end TEND
4 ERI4 Receive error ORER, FER, PER
RXl14 Receive data full RDRF
TXI4 Transmit data empty TDRE
TEI4 Transmit end TEND Low
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16.8  Usage Notes

16.8.1 Module Stop Mode Setting

SCI operation can be disabled or enabled using the module stop control register. The initial setting
is for SCI operation to be halted. Register access is enabled by clearing module stop mode. For
details, see section 22, Power-Down Modes.

16.8.2 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RxD pin value
directly. In a break, the input from the RxD pin becomes all Os, and so the FER flag in SSR is set,
and the PER flag may also be set. Note that, since the SCI continues the receive operation even
after receiving a break, even if the FER flag is cleared to 0, it will be set to 1 again.

16.8.3  Mark State and Break Sending

When the TE bit in SCR is 0, the TxD pin is used as an I/O port whose direction (input or output)
and level are determined by DR and DDR of the port. This can be used to set the TxD pin to mark
state (high level) or send a break during serial data transmission. To maintain the communication
line at mark state until the TE bit is set to 1, set both DDR and DR to 1. Since the TE bit is cleared
to 0 at this point, the TxD pin becomes an I/O port, and 1 is output from the TxD pin. To send a
break during serial transmission, first set DDR to 1 and DR to 0, and then clear the TE bit to O.
When the TE bit is cleared to 0, the transmitter is initialized regardless of the current transmission
state, the TxD pin becomes an I/O port, and 0 is output from the TxD pin.

16.8.4 Receive Error Flags and Transmit Operations (Clocked Synchronous Mode Only)

Transmission cannot be started when a receive error flag (ORER, FER, or PER) in SSR is set to 1,
even if the TDRE flag in SSR is cleared to 0. Be sure to clear the receive error flags to 0 before
starting transmission. Note that the receive error flags cannot be cleared to 0 even if the RE bit in
SCR is cleared to 0.

16.8.5 Relation between Writing to TDR and TDRE Flag

Data can be written to TDR irrespective of the TDRE flag status in SSR. However, if the new
data is written to TDR while the TDRE flag is O, the previous data in TDR is lost because the
previous data has not been transferred to TSR yet. Be sure to write transmit data to TDR after
confirming that the TDRE flag is set to 1.
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16.8.6  SCI Operations during Mode Transitions

Transmission: Before making the transition to module stop, software standby, or subsleep mode,
stop all operations (TE = TIE = TEIE = 0). TSR, TDR, and SSR are reset. The states of the
output pins during each mode depend on the port settings, and the pins output a high-level signal
after mode cancellation. If the transition is made during data transmission, the data being
transmitted will be undefined.

To transmit data in the same transmission mode after mode cancellation, set the TE bit to 1, read
SSR, write to TDR, clear TDRE to O in this order, and then start transmission. To transmit data in
a different transmission mode, initialize the SCI first.

Figure 16.21 shows a sample flowchart for mode transition during transmission. Figures 16.22
and 16.23 show the pin states during transmission.

<Transmission>
|

All data transmitted? [1] Data being transmitted is lost
halfway. Data can be normally
transmitted from the CPU by

Yes = setting TE to 1, reading SSR,
| Read TEND flag in SSR | writing to TDR, and clearing
TDRE to 0 after mode
cancellation.

[2] Clear TIE and TEIE to 0 when
they are set to 1.

| Make transition to software standby mode etc. | [3] [3] Module stop mode is included.

| Cancel software standby mode etc. |

Change operating mode?

Yes

Initialization TE =1

<Start transmission>

Figure 16.21 Sample Flowchart for Mode Transition during Transmission
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Transition to
. o software standb Software standby
Transmission start Transmission end ftw Y mode cancelled

. | L R
TE bit | L._._'i

SCK , :
outputpin|_||_|UL,J|||||S§||||||:-\:|||

1 I(é 1
ou:;-))ij?pin inpftﬁ{ﬁtput T' High output | Start £ X Y Stop Port input/output Y’ High output
SCI TxD output | P scl

Port | ort ——|-—

TxD output

Figure 16.22 Pin States during Transmission in Asynchronous Mode (Internal Clock)

o o Transition to Software standby
Transmission start Transmission end software standby mode cancelled

{ { mode '
L

TE bit | ,
! (« Lo Lo
SCK : ! ’ | I | I | J | \<' — Port >/' j
output pin ' ! input/output !

(4 {C
ou;rpﬁ?pin_ inELﬁ/O()rlE[Eul >[ Marking output ”\< X X " iLast TxD bit retained¥ Port inputloutputTHigh output*
SCI TxD output scl

Port Port
I I ™ TxD output

Note: * Initialized in software standby mode

Figure 16.23 Pin States during Transmission in Clocked Synchronous Mode
(Internal Clock)

Reception: Before making the transition to module stop, software standby, watch, subactive, or
subsleep mode, stop reception (RE = 0). RSR, RDR, and SSR are reset. If transition is made
during data reception, the data being received will be invalid.

To receive data in the same reception mode after mode cancellation, set RE to 1, and then start
reception. To receive data in a different reception mode, initialize the SCI first.

Figure 16.24 shows a sample flowchart for mode transition during reception.
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Reception

Read RDRF flag in SSR

No [1] [1] Data being received will be invalid.
Yes
| Read receive data in RDR |
|: [2] Module stop mode is included.
| Make transition to software standby mode etc. | [2]

| Cancel software standby mode etc. |

Change operating mode?

Initialization RE=1

<Start reception>

Figure 16.24 Sample Flowchart for Mode Transition during Reception
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16.8.7  Switching from SCK Pins to Port Pins

When SCK pins are switched to port pins after transmission has completed, pins are enabled for
port output after outputting a low pulse of half a cycle as shown in figure 16.25.

/\/ Low pulse of half a cycle
\!:lj 4. Low pulse output
. £

SCK/Port I | I

1. Transmission end

Data Bit6 X Bit7

e 2TE=0 | /
0 —7

C/A | 3.C/A=0

CKE1 '

CKEO

Figure 16.25 Switching from SCK Pins to Port Pins

To prevent the low pulse output that is generated when switching the SCK pins to the port pins,
specify the SCK pins for input (pull up the SCK/port pins externally), and follow the procedure
below with DDR=1,DR=1,C/A =1, CKEl =0, CKEO =0, and TE = 1.

End serial data transmission

TE bit=0

CKEI1 bit =1

C/A bit = 0 (switch to port output)
CKEl bit=0

AR S .

Rev.2.00 May. 28, 2009 Page 494 of 732
REJ09B0059-0200 RENESAS



Section 16 Serial Communication Interface (SCI)

High output

SCK/Port I | I

1. Transmission end

N

Data Bité X Bit7 '
2.TE=0 '
TE '
C/A 1 4.CIA=0
3.CKE1=1 .
CKE1 X | 5.CKE1=0
CKEO !

Figure 16.26 Prevention of Low Pulse Output at Switching from SCK Pins to Port Pins
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Section 17 I’C Bus Interface 3 (IIC3)

This LSI has a four-channel I’C bus interface 3 (IIC3).

The I’C bus interface conforms to and provides a subset of the Philips I’C bus (inter-IC bus)
interface functions. The register configuration that controls the I°C bus differs partly from the
Philips configuration, however.

Figure 17.1 shows a block diagram of the I’C bus interface 3.

Figure 17.2 shows an example of I/O pin connections to external circuits.

17.1 Features

¢ Continuous transmission/reception

Since the shift register, transmit data register, and receive data register are independent from
each other, the continuous transmission/reception can be performed.

o Start and stop conditions generated automatically in master mode
e Selection of acknowledge output levels when receiving

e Automatic loading of acknowledge bit when transmitting

e Bit synchronization/wait function

In master mode, the state of the SCL is monitored per bit, and the timing is synchronized
automatically

If transfer is not ready, set the SCL to low until preparations are completed.
e Multiple slave addresses can be set

Maximum three types of slave addresses can be set independently. Using the slave address
mask register enables more slave addresses to be set.

o Six interrupt sources

Transmit-data-empty (including slave-address match), transmit-end, receive-data-full
(including slave-address match), arbitration lost, NACK detection, and stop condition
detection

e Direct bus drive
SCL and SDA pins function as NMOS open-drain outputs.
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SCL

SDA

Transfer clock

Output
control

Noise canceler

Output

control

Noise canceler

[Legend]
ICCRA:
ICCRB:
ICMR:
ICSR:
ICIER:
ICDRT:
ICDRR:
ICDRS:
SAR:

Internal data bus

I2C bus control register A
I2C bus control register B

IC mode register
I°C status register

I°C interrupt enable register
I?C transmit data register
I°C receive data register

I2C bus shift register
Slave address register

generation
circuit
Transmission/ ICCRA
reception
—] control circuit
ICCRB
1— ICMR
ICDRT
SAR
ICDRS
Address
comparator
ICDRR
1 Bus state
determination circuit
7 Arbitration
determination circuit ICSR
ICIER
— Interrupt
generator

= Interrupt request

Figure 17.1 Block Diagram of I’C Bus Interface 3
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Vce Vce
d d s
SCLin o SCLin ®
SCL out —| SCL out —|
SDA in SDA in
SDA out —] SDA out —]
(Slave 1) (Slave 2)

Figure 17.2 External Circuit Connections of I/0 Pins
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17.2  Input/Output Pins

Table 17.1 shows the pin configuration of the I'C bus interface 3.

Table 17.1 Pin Configuration

Name Symbol /0 Function

Serial clock SCLO /10 1IC3_0 serial clock input/output
Serial data SDAO /10 1IC3_0 serial data input/output
Serial clock SCLA1 1/0 IIC3_1 serial clock input/output
Serial data SDA1 /10 1IC3_1 serial data input/output
Serial clock SCL2 1/0 IIC3_2 serial clock input/output
Serial data SDA2 /10 1IC3_2 serial data input/output
Serial clock SCL3 /10 1IC3_3 serial clock input/output
Serial data SDA3 1/0 IIC3_3 serial data input/output

Note: The pin symbols are represented as SCL and SDA; channel numbers are omitted in this

manual.

17.3  Register Descriptions

The IIC3 has the following registers for each channel.

I’C bus control register A (ICCRA)
I’C bus control register B (ICCRB)
I’C bus mode register ICMR)

I°C bus interrupt enable register (ICIER)
I’C bus status register (ICSR)

I’C bus status register A (ICSRA)
Slave address register (SAR)

Slave address register A (SARA)
Slave address register B (SARB)
Slave address mask register (SAMR)
I’C bus transmit data register (ICDRT)
I’C bus receive data register ICDRR)
I’C bus shift register (ICDRS)
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17.3.1  I’C Bus Control Register A (ICCRA)

ICCRA enables or disables the I'C bus interface, controls transmission or reception, and selects
master or slave mode, transmission or reception, and transfer clock frequency in master mode.

Bit Bit Name

Initial Value R/W

Description

7 ICE

0

R/W

I°C Bus Interface Enable
0: This module is halted.

1: This module is enabled for transfer operations. (SCL and
SDA pins are bus drive state.)

6 RCVD

0

R/W

Reception Disable

Enables or disables the next operation when TRS is 0 and
ICDRR is read.

0: Enables next reception
1: Disables next reception

5 MST
TRS

R/W
R/W

Master/Slave Select
Transmit/Receive Select

When arbitration is lost in master mode, MST and TRS are
both reset by hardware, causing a transition to slave
receive mode. Modification of the TRS bit should be made
between transfer frames.

Operating modes are described below according to MST
and TRS combination.

00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

CKS3
CKS2
CKS1
CKS0

o =N Ww

O O OO

R/W
R/W
R/W
R/W

Transfer Clock Select 3 to 0

These bits are valid only in master mode and should be set
according to the necessary transfer rate. For details on
transfer rate, see table 17.2.
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Table 17.2 Transfer Rate

Bit3 Bit2 Bit1 Bit0 Transfer Rate
CKS3 CKS2 CKS1 CKso °©'°¢k 4 _gMHz ¢ =10 MHz ¢ = 20 MHz
0 0 0 0 /28 286 kHz 357 kHz 714 kHz
1 $/40 200 kHz 250 kHz 500 kHz
1 0 /48 167 kHz 208 kHz 417 kHz
1 /64 125 kHz 156 kHz 313 kHz
1 0 0 $/168  47.6 kHz 59.5 kHz 119 kHz
1 $/100  80.0 kHz 100 kHz 200 kHz
1 0 112 71.4kHz 89.3 kHz 179 kHz
1 $/128  62.5 kHz 78.1 kHz 156 kHz
1 0 0 0 /56 143 kHz 179 kHz 357 kHz
1 /80 100 kHz 125 kHz 250 kHz
1 0 /96 83.3 kHz 104 kHz 208 kHz
1 $/128  62.5 kHz 78.1 kHz 156 kHz
1 0 0 $/336 23.8 kHz 29.8 kHz 59.5 kHz
1 $/200  40.0 kHz 50.0 kHz 100 kHz
1 0 $/224  35.7 kHz 44.6 kHz 89.3 kHz
1 $/256  31.3 kHz 39.1 kHz 78.1 kHz
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17.3.2  I’C Bus Control Register B (ICCRB)

ICCRB issues start/stop conditions, manipulates the SDA pin, monitors the SCL pin, and controls
areset in IIC control.

Bit Bit Name

Initial Value R/W

Description

7 BBSY

0 R/W

Bus Busy

There are two functions: a flag function which indicates
whether the I°C bus is occupied or released and a function
which issues start and stop conditions in master mode.
This bit is set to 1 when the SDA level changes from high
to low under the condition of SCL = high, assuming that the
start condition has been issued. This bit is cleared to 0
when the SDA level changes from low to high under the
condition of SCL = high, assuming that the stop condition
has been issued. Write 1 to BBSY and 0 to SCP to issue a
start condition. Also follow this procedure when re-
transmitting a start condition. Write 0 to BBSY and 0 to
SCP to issue a stop condition. To issue a start/stop
condition, use the MOV instruction.

6 SCP

Start/Stop Condition Prohibit
Controls the issue of start/stop conditions in master mode.

To issue a start condition, write 1 to BBSY and 0 to SCP.
Also follow this procedure when retransmitting a start
condition. To issue a stop condition, write 0 to BBSY and 0
to SCP. This bit is always read as 1. Even if 1 is written to
this bit, the data is not stored.

5 SDAO

Monitors the SDA output level. When reading and the
SDAO bit is 1, the SDA pin outputs high. When reading
and the SDAO bit is 0, the SDA pin outputs low.

1 R/W

Reserved

The write value should always be 1.

3 SCLO

Monitors the SCL output level. When reading and the
SCLO bit is 1, the SCL pin outputs high. When reading and
the SCLO bit is 0, the SCL pin outputs low.

Reserved
This bit is always read as 1.

1 1lICRST

IIC Control Part Reset

Resets control parts except for I°C registers. If this bit is set
to 1 when a hang-up occurred because of communication
failure during I°C operation, I°C control parts can be reset
without setting ports and initializing registers.
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Bit Bit Name Initial Value R/W  Description
0o — 1 — Reserved

This bit is always read as 1.
17.3.3  I’C Bus Mode Register ICMR)

ICMR controls a wait in master mode and selects the transfer bit count.

Bit Bit Name

Initial Value R/W

Description

7

0

R/W

Reserved
The write value should always be 0.

WAIT

R/W

Wait Insertion Bit

Selects whether to insert a wait after data transfer except
for the acknowledge bit in master mode. When the WAIT
bit is set to 1, after the fall of the clock for the last data bit,
low period is extended for two transfer clocks. If the WAIT
bit is cleared to 0, data and acknowledge bits are
transferred consecutively with no wait inserted.

The setting of this bit is invalid in slave mode.

Reserved
These bits are always read as 1.

BCWP

R/W

BC Write Protect

Controls the BC2 to BCO modifications. When modifying
the BC2 to BCO bits, this bit should be cleared to 0 and use
the MOV instruction.

0: When writing, values of BC2 to BCO are set.
1: When reading, 1 is always read.
When writing, settings of BC2 to BCO are invalid.
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Bit Bit Name Initial Value R/W  Description

2 BC2 0 R/W  Bit Counter2to 0
BC1 0 R/W  Specify the number of bits to be transferred next. The data
0 BCO 0 R/Ww s transferred with one acknowledge bit added. BC2 to BCO

settings should be made during an interval between
transfer frames. If bits BC2 to BCO are set to a value other
than 000, the setting should be made while the SCL signal
is low. The value automatically returns to B'000 at the end
of a data transfer, including the acknowledge bit.

000: 9 bits
001: 2 bits
010: 3 bits
011: 4 bits
100: 5 bits
101: 6 bits
110: 7 bits
111: 8 bits

17.3.4  I’C Bus Interrupt Enable Register (ICIER)

ICIER enables or disables interrupt sources and acknowledge bits, sets acknowledge bits to be
transmitted, and confirms acknowledge bits to be received.

Bit Bit Name Initial Value R/W  Description
7 TIE 0 R/W  Transmit Interrupt Enable

When the TDRE bit in ICSR is set to 1, this bit enables or
disables the transmit data empty interrupt (TXI).

0: Transmit data empty interrupt request (TXI) is disabled.
1: Transmit data empty interrupt request (TXI) is enabled.
6 TEIE 0 R/W  Transmit End Interrupt Enable

Enables or disables the transmit end interrupt (TEI) at the
rising of the ninth clock while the TDRE bit in ICSR is 1.
The TEI can be canceled by clearing the TEND bit or the
TEIE bit to 0.

0: Transmit end interrupt request (TEI) is disabled.

1: Transmit end interrupt request (TEI) is enabled.
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Bit Bit Name

Initial Value R/W

Description

5

RIE

0

R/W

Receive Interrupt Enable

Enables or disables the receive data full interrupt request
(RXI) when receive data is transferred from ICDRS to
ICDRR and the RDRF bit in ICSR is set to 1. The RXI can
be canceled by clearing the RDRF or RIE bit to 0.

0: Receive data full interrupt request (RXI) is disabled.
1: Receive data full interrupt request (RXI) is enabled.

NAKIE

R/W

NACK Receive Interrupt Enable

Enables or disables the NACK receive interrupt request
(NAKI) when the NACKF and AL bits in ICSR are set to 1.
The NAKI can be canceled by clearing the NACKF, AL, or
NAKIE bit to 0.

0: NACK receive interrupt request (NAKI) is disabled.
1: NACK receive interrupt request (NAKI) is enabled.

STIE

R/W

Stop Condition Detection Interrupt Enable

0: Stop condition detection interrupt request (STPI) is
disabled.

1: Stop condition detection interrupt request (STPI) is
enabled.

ACKE

R/W

Acknowledge Bit Determination Select

0: The value of the acknowledge bit is ignored, and
continuous transfer is performed.

1: If the acknowledge bit is 1, continuous transfer is
interrupted.

ACKBR

Receive Acknowledge

In transmit mode, this bit stores the contents of the
acknowledge bit that is returned by the receive device. This
bit cannot be modified.

0: Receive acknowledge =0

1: Receive acknowledge = 1

ACKBT

R/W

Transmit Acknowledge

In receive mode, this bit specifies the bit to be sent at the
acknowledge timing.

0: 0 is sent at the acknowledge timing.
1: 1 is sent at the acknowledge timing.
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17.3.5

I’C Bus Status Register (ICSR)

ICSR confirms interrupt request flags and status.

Bit Bit Name Initial Value R/W Description
7 TDRE 0 R/W  Transmit Data Empty
[Setting condition]
¢ When data is transferred from ICDRT to ICDRS and
ICDRT becomes empty
[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1
e When data is written to ICDRT
6 TEND 0 R/W  Transmit end
[Setting condition]
¢ When the ninth clock of SCL rises while the TDRE flag
is 1
[Clearing conditions]
e When 0 is written to TEND after reading TEND = 1
e When data is written to ICDRT
5 RDRF 0 R/W  Receive Data Full
[Setting condition]
e When receive data is transferred from ICDRS to ICDRR
[Clearing conditions]
e When 0 is written to RDRF after reading RDRF = 1
e When data is read from ICDRR
4 NACKF 0 R/W  No Acknowledge Detection Flag

[Setting condition]

¢ When no acknowledge is detected from the receive
device in transmission while the ACKE bit in ICIER is 1

[Clearing condition]

e When 0 is written to NACKF after reading NACKF = 1
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Bit Bit Name

Initial Value R/W

Description

3

STOP

0

R/W

Stop Condition Detection Flag

[Setting condition]

e When a stop condition is detected after frame transfer
[Clearing condition]

e When 0 is written to STOP after reading STOP = 1

AL

R/W

Arbitration Lost Flag
Indicates that arbitration was lost in master mode.

When two or more master devices attempt to seize the bus
at nearly the same time, the I’C bus interface monitors the
SDA. If it detects data differing from the data it sent, it sets
the AL flag to 1 to indicate that the bus has been taken by
another master.

[Setting conditions]
o If the internal SDA and SDA pin does not match at the
rise of SCL in master transmit mode

o When the SDA pin goes high in master mode while a
start condition is detected

[Clearing condition]
o When 0 is written to AL after reading AL = 1

AAS

R/W

Slave Address Recognition Flag

In slave receive mode, this flag is set to 1 if the first frame
following a start condition matches bits SVA6 to SVAQ in
SAR.

[Setting conditions]

e When the slave address is detected in slave receive
mode

o When the general call address is detected in slave
receive mode

[Clearing condition]
e When 0 is written to AAS after reading AAS = 1
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Bit Bit Name Initial Value R/W

Description

0 ADZ 0 R/W

General Call Address Recognition Flag

This bit is valid in slave receive mode.

[Setting condition]

o When the general call address is detected in slave
receive mode

[Clearing condition]

¢ When 0 is written to ADZ after reading ADZ = 1

17.3.6  Slave Address Register (SAR)

SAR sets slave addresses. When the chip is in slave mode, if the upper 7 bits in SAR match the
upper 7 bits of the first frame received after a start condition, the chip operates as the slave device.

Bit Bit Name Initial Value R/W Description
7to1 SVA6to AlO R/W Slave Address 6 to 0
SVAO Set a unique address in bits SVA6 to SVAO, differing from

the addresses of other slave devices connected to the I°C
bus.

0 — 0 R/W

Reserved

This bit is readable/writable. The write value should always
be 0.
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17.3.7  Slave Address Register A (SARA)

SARA sets slave addresses. When the chip is in slave mode, if the upper 7 bits in SARA match the
upper 7 bits of the first frame received after a start condition, the chip operates as the slave device.

Bit Bit Name Initial Value R/W Description
7to1 SVA6to AllO R/W  Slave Address 6 to O

SVAO Set a unique address in bits SVA6 to SVAO, differing from
the addresses of other slave devices connected to the I°C
bus.

0 SARE 0 R/W Slave Address Enable

Selects whether slave addresses in SARA are recognized
or not.

0: Ignores slave addresses in SARA
1: Recognizes slave addresses in SARA

17.3.8 Slave Address Register B (SARB)

SARB sets slave addresses. When the chip is in slave mode, if the upper 7 bits in SARB match the
upper 7 bits of the first frame received after a start condition, the chip operates as the slave device.

Bit  Bit Name Initial Value R/W Description
7to1 SVA6to AllO R/W  Slave Address 6 to 0

SVAO Set a unique address in bits SVA6 to SVAO, differing from
the addresses of other slave devices connected to the I°C
bus.

0 SARE 0 R/W Slave Address Enable

Selects whether slave addresses in SARB are recognized
or not.

0: Ignores slave addresses in SARB
1: Recognizes slave addresses in SARB
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17.3.9  Slave Address Mask Register (SAMR)

SAMR masks slave addresses set in SAR and controls automatic switching of transmit modes in

slave mode.

Bit Bit Name

Initial Value R/W

Description

7 MSA6 0 R/W  Slave Address Mask 6 to 0

6 MSA5 0 R/W  Correspond to the SVA6 to SVAO bits in SAR and control

5 MSA4 0 R/W comparison conditions for addresses set in SAR and
addresses of upper 7 bits of the first frame received after a

4 MSA3 0 R/W " start condition in slave mode.

3 MSA2 0 RW o Compare addresses set in bits SVA6 to SVA0 in SAR

2 MSA1 0 R/W and receive addresses

1 MSAO 0 R/W 1: Operate assuming that receive addresses have matched

bits SVA6 to SVAO in SAR
0 MTRS 0 R/W  Transmit Mode Switch Mask

Controls automatic switching of transmit modes by the
eighth bit of the first frame in slave mode.

0: When the eighth bit of the first frame is 1, the TRS bit in
ICCRA and TDRE bit in ICSR are automatically set to 1
and a transition is made to slave transmit mode.

1: The TRS bit in ICCRA and TDRE bit in ICSR are not
automatically changed by the eighth bit of the first
frame.
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17.3.10 TI’C Bus Status Register A (ICSRA)
ICSRA confirms slave address recognition flags.

Bit  Bit Name Initial Value R/W Description
7 AASA 0 R/W  Slave Address Recognition Flag A

In slave receive mode, this flag is set to 1 if the upper 7 bits
in the first frame following a start condition match bits
SVAG6 to SVAO in SARA.

[Setting condition]

e When the slave address is detected in slave receive
mode

[Clearing condition]
e When 0 is written to AASA after reading AASA = 1

6 AASB 0 R/W  Slave Address Recognition Flag B

In slave receive mode, this flag is set to 1 if the upper 7 bits
in the first frame following a start condition match bits
SVAG6 to SVAO in SARB.

[Setting condition]

o When the slave address is detected in slave receive
mode

[Clearing condition]

e When 0 is written to AASB after reading AASB = 1

5t00 — AllO — Reserved
These bits are always read as 0.

17.3.11 I’C Bus Transmit Data Register (ICDRT)

ICDRT is an 8-bit readable/writable register that stores the transmit data. When ICDRT detects the
space in the I°C bus shift register (ICDRS), it transfers the transmit data which is written in
ICDRT to ICDRS and starts transferring data. If the next transfer data is written to ICDRT during
transferring data in ICDRS, continuous transfer is possible.

17.3.12 T’C Bus Receive Data Register (ICDRR)

ICDRR is an 8-bit register that stores the receive data. When one byte of data is received, ICDRR
transfers the received data from ICDRS to ICDRR and the next data can be received. ICDRR is a
receive-only register, therefore this register cannot be written to by the CPU.
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17.3.13 I’C Bus Shift Register (ICDRS)

ICDRS is a register that is used to transfer/receive data. In transmission, data is transferred from
ICDRT to ICDRS and the data is sent from the SDA pin. In reception, data is transferred from
ICDRS to ICDRR after one byte of data is received. This register cannot be read from the CPU.

Rev.2.00 May. 28, 2009 Page 513 of 732
RENESAS REJ09B0059-0200



Section 17 I°C Bus Interface 3 (IIC3)

17.4  Operation

174.1 T°C Bus Format

Figure 17.3 shows the I’C bus formats. Figure 17.4 shows the I'C bus timing. The first frame
following a start condition always consists of 8 bits.

(a) 12C bus format

[ si sia [rw]| A pata | A | [~ra] P |
| ’ } 1 } L n : 1 | PL—-—>| Transfer bit count
1 m (n=1to8)
Transfer frame count
(m>1)
(b) 12C bus format (start condition retransmission)
[ s| sia |[rw]| a [ Dara |::|A/K| s| s [rw| A | Data |::|A/K| P |
| 7 : 1 | 1 nl [ 1 1 7 : 1 : 1 n2 [ 1 1 |
1 ml 1 m2

Upper row: Transfer bit count (n1, n2 = 1 to 8)
Lower row: Transfer frame count (m1, m2 > 1)

Figure 17.3 T°C Bus Formats

AN OO0

L IL — IL 1 L IL 1 L IL 1
S SLA RIW A DATA A DATA A P

Figure 17.4 T°C Bus Timing
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[Legend]
S: Start condition. The master device drives SDA from high to low while SCL is high.
SLA: Slave address

R/W: Indicates the direction of data transfer: from the slave device to the master device when
R/W is 1, or from the master device to the slave device when R/W is 0.

A: Acknowledge. The receive device drives SDA to low.
DATA: Transfer data

P: Stop condition. The master device drives SDA from low to high while SCL is high.

17.4.2  Master Transmit Operation

In master transmit mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. The operation timings in master transmit mode are
shown in figures 17.5 and 17.6. The transmission procedure and operations in master transmit
mode are described below.

1. Set the ICE bit in ICCRA to 1. Set the WAIT bit in ICMR and the CKS3 to CKSO bits in
ICCRA to 1 (initial setting).

2. Read the BBSY flag in ICCRB to confirm that the bus is free. Set the MST and TRS bits in
ICCRA to select master transmit mode. Then, write 1 to BBSY and 0 to SCP using the MOV
instruction. (Start condition issued) This generates the start condition.

3. After confirming that TDRE in ICSR has been set, write the transmit data (the first-byte data
show the slave address and R/W) to ICDRT. At this time, TDRE is automatically cleared to 0O,
then data is transferred from ICDRT to ICDRS. TDRE is set again.

4. When transmission of one byte data is completed while TDRE is 1, TEND in ICSR is set to 1
at the rise of the 9th transmit clock pulse. Read the ACKBR bit in ICIER, and confirm that the
slave device has been selected. Then, write second byte data to ICDRT. When ACKBR is 1,
the slave device has not been acknowledged, so issue the stop condition. To issue the stop
condition, write 0 to BBSY and SCP using the MOV instruction. SCL is fixed low until the
transmit data is prepared or the stop condition is issued.

5. The transmit data after the second byte is written to ICDRT every time TDRE is set.

6. Write the number of bytes to be transmitted to ICDRT. Wait until TEND is set (the end of last
byte data transmission) while TDRE is 1, or wait for NACK (NACKF in ICSR = 1) from the
receive device while ACKE in ICIER is 1. Then, issue the stop condition to clear TEND or
NACKF.
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7. When the STOP bit in ICSR is set to 1, the operation returns to slave receive mode.

scL
(master output) 1 2 3 4 5 9 1 2
SDA - - - - - - - - \ - -
(master output) \| /sBit7 XBite X Bits X Bit4 X 8it3 X Bit2 Y Bit1 X 8ito / \ Bit7 X Bit6
r Slave address —— - R/W I
SDA
(slave output) I A ’
TDRE
TEND ‘ /
ICDRT d Address + RIW // Data 1) X \Data 2
ICDRS Address + RAW / / X Datali \\
User. [2] Instruction of start [4] Write data to ICDRT (second byte). \ \
processing condition issuance . )
[3] Write data to ICDRT (first byte). [5] Write data to ICDRT (third byte).
Figure 17.5 Operation Timing in Master Transmit Mode (1)
scL —

(master output)

SDA

(master output) |/ \ Bit7 X Bite X Bit5 X Bit4 X Bit3 X Bit2 ¥ 8it1 X 8ito /
!

SDA
(slave output)

TDRE

TEND

ICDRT

ICDRS

User
processing

9

\

[

A

\_\ﬂ/

—

/

/ ]
/ ] I
Datan l/

[5] Write data to ICDRT.

[6] Issue stop condition. Clear TEND.

/

[7] Set slave receive mode.

Figure 17.6 Operation Timing in Master Transmit Mode (2)
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17.4.3  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. The operation timings in master receive mode are
shown in figures 17.7 and 17.8. The reception procedure and operations in master receive mode
are shown below.

1. Clear the TEND bit in ICSR to 0, then clear the TRS bit in ICCRA to 0 to switch from master
transmit mode to master receive mode. Then, clear the TDRE bit to 0 and read ICDRR
(dummy data read).

2. When ICDRR is read (dummy data read), reception is started, and the receive clock is output,
and data is received, in synchronization with the internal clock. The master device outputs the
level specified by ACKBT in ICIER to SDA, at the 9th receive clock pulse.

3. After the reception of one frame data is completed, the RDRF bit in ICSR is set to 1 at the rise
of 9th receive clock pulse. At this time, the received data can be read by reading ICDRR and at
the same time the RDREF bit is cleared to 0.

4. The continuous reception is performed by reading ICDRR and clearing RDRF to 0 every time
RDREF is set. If the 8th receive clock pulse falls after reading ICDRR by the other processing
while RDRF is 1, SCL is fixed low until ICDRR is read.

5. If the next frame is the last receive data, set the RCVD bit in ICCRA to 1 before reading
ICDRR. This enables the issuance of the stop condition after the next reception.

6. When the RDRF bit is set to 1 at rise of the 9th receive clock pulse, issue the stop condition.
7. When the STOP bit in ICSR is set to 1, read ICDRR. Then clear the RCVD bit to 0.

8. The operation returns to slave receive mode.

Note: Operation described in step 1 should be executed continuously.
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Master transmit mode «—— ' ——» Master receive mode

SCL
(master output)

SDA

(master output) _/ E \.A_/

caveonpuy  \A [+ (87 Xeie Xeits Xeia X mia Ymiz N o (oo [ \elr X
TDRE ] \

O\
s —T 1\
! \\ e

i
ICDRS %/ X\ paal | X
\ \

ICDRR ; \ X Datal

User \ [3] Read ICDRR
processing  [1] Clear TDRE after clearing  [2] Read ICDRR (dummy read)
TEND and TRS

Figure 17.7 Operation Timing in Master Receive Mode (1)

Rev.2.00 May. 28, 2009 Page 518 of 732
REJ09B0059-0200 RENESAS




Section 17 I°C Bus Interface 3 (IIC3)

SCL
(master output) 9 1 2 3 4 5 6 7 8 9

SDA -
(master output) A / \ AA / \
(Slavse%’:tput) \ [it7 X Bite X Bits X mita X sit3 X sit2 X sit1 X Bito / /

RDRF | | / Eis

Lt
=7

RCVD | \

T
RN
X

ICDRS  Datan-1 Data n

ICDRR Data n-1 \ \ X‘Data n /
User \\
processing [5] Read ICDRR after setting RCVD [7] Read ICDRR and clear RCVD 4] ssue stop
condition [8] Set slave

receive mode

Figure 17.8 Operation Timing in Master Receive Mode (2)

17.4.4  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. The operation timings in slave transmit mode
are shown in figures 17.9 and 17.10.

The transmission procedure and operations in slave transmit mode are described below.

1. Set the ICE bit in ICCRA to 1. Set the WAIT bit in ICMR and the CKS3 to CKSO bits in
ICCRA to 1 (initial setting). Set the MST and TRS bits in ICCRA to select slave receive mode,
and wait until the slave address matches.

2. When the slave address matches in the first frame following detection of the start condition,
the slave device outputs the level specified by ACKBT in ICIER to SDA, at the rise of the 9th
clock pulse. At this time, if the 8th bit data (R/W) is 1, the TRS in ICCRA and TDRE in ICSR
are set to 1, and the mode changes to slave transmit mode automatically. The continuous
transmission can be performed by writing transmit data to [CDRT every time TDRE is set.

3. If TDRE is set after writing the last transmit data to ICDRT, wait until TEND in ICSR is set to
1, with TDRE = 1. When TEND is set, clear TEND.

4. Clear TRS for the end processing, and read ICDRR (dummy read). Then, SCL is free.
5. Clear TDRE.
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Slave receive mode

SCL
(master output)

SDA
(master output)

SCL
(slave output)

SDA
(slave output)

TDRE

TEND

TRS

ICDRT

ICDRS

ICDRR

User
processing

-<«+—— , — Slave transmit mode
h

A [/ \wsit7 XBite X Bit5 X 8it4 X 8it3 X Bit2 X sit1 X Bito /

\ iz

—

Data 2 Data 3

).-..-..-|
]

I~~~
><

/

\
XData 2 /

_xd}e
|~

/
|

/
|

[2] Write data to ICDRT (data 1)

[2] Write data to ICDRT (data 2)

[2] Write data to ICDRT (data 3)

Figure 17.9 Operation Timing in Slave Transmit Mode (1)
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Slave receive

mode
—_—

SCL
(master output)

SDA
(master output) A_/

SCL
(slave output)

SDA \Bit7 XBite X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito /

(slave output)

TDRE

TEND

TRS

ICDRT

ICDRS X Datan / :

ICDRR / :

e 4 /o

processing [3] Clear TEND [4] Read ICDRR (dummy read)  [5] Clear TDRE
after clearing TRS

Figure 17.10 Operation Timing in Slave Transmit Mode (2)

17.4.5 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. The operation timings in slave receive mode are
shown in figures 17.11 and 17.12. The reception procedure and operations in slave receive mode
are described below.

1. Set the ICE bit in ICCRA to 1. Set the WAIT bit in ICMR and the CKS3 to CKSO bits in
ICCRA to 1 (initial setting). Set the MST and TRS bits in ICCRA to select slave receive mode,
and wait until the slave address matches.

2. When the slave address matches in the first frame following detection of the start condition,
the slave device outputs the level specified by ACKBT in ICIER to SDA, at the rise of the 9th
clock pulse. At the same time, RDRF in ICSR is set to read ICDRR (dummy read). (Since the
read data show the slave address and R/W, it is not used.)
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3. Read ICDRR every time RDRF is set. If the 8th receive clock pulse falls while RDRF is 1,
SCL is fixed low until RDRF is cleared. The change of the acknowledge before clearing
RDREF, to be returned to the master device, is reflected to the next transfer frame.

4. The last-byte data is read by reading ICDRR.

SCL

(master output) 9 1 2 3 4 5 6 7 8 9 1
(masterouiputy ] \ o7 X eito X s X oia X ois X oz Xone oo/ \ewr X
SCL

(slave output)

(slavz?)ﬁtput) _\_A_/ \_/A
[\ 1

RDRF ] \ 7 \ f

ICDRS | | | Xpaa1 | Yopata2

A
ICDRR X 1] X | [pata1
I V

processing

[2] Read ICDRR (dummy read) [2] Read ICDRR
Figure 17.11 Operation Timing in Slave Receive Mode (1)
SCL
(master output) 9 1 2 3 4 5 6 7 8 9

(masif’f,\utput) ] \ it 7 Y Bite X Bit5 X Bit4 X Bit3 \ Bit2 X Bit1 X Bito / \ [
scL
(slave output) \ /

SDA —
(slave output) _\ A / \ \A/; /

RDRF ] )\( /Ll |_

ICDRS ] X pata 1

*
ICDRR X \ / X |data1
User \/ v

processing [3] Set ACKBT [3] Read ICDRR [4] Read ICDRR

Figure 17.12 Operation Timing in Slave Receive Mode (2)

Rev.2.00 May. 28, 2009 Page 522 of 732
REJ09B0059-0200 RENESAS



Section 17 I°C Bus Interface 3 (IIC3)

17.4.6  Noise Canceler

The logic levels at the SCL and SDA pins are latched internally via the noise canceler. Figure
17.13 shows a block diagram of the noise canceler.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA)
input signal is sampled on the system clock, but is not passed forward to the next circuit unless the
outputs of both latches match. If they do not match, the previous value is retained.

Sampling clock

SCL or_ SDA D Q D Q Internal
input signal Match detector |— SCL or SDA

Latch Latch |_> signal

System clock

| cycle
|

Sampling
clock

Figure 17.13 Block Diagram of Noise Canceler

17.4.7 Example of Use

Flowcharts in respective modes that use the I’C bus interface are shown in figures 17.14 to 17.17.
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| ReadBBSYinIiCCRB |
[1]
No
Yes
Set MST = 1 and TRS 2
=1in ICCRA
Write BBSY = 1 3]
and SCP =0
Write transmit data ]
to ICDRT
[4]
|  ReadTENDinICSR |
o> |
Yes J
|  Read ACKBRinICIER |
[6]
ACKBR =0 ?

Yes
Transmit
mode?
Yes
| write transmit data to ICDRT | ] [7]
|  Read TDREinICSR |
Tre> | |°
Yes -
<>
[9]
Yes
| write transmit data to ICDRT |
|  ReadTENDinICSR |
No [10]

Yes
— |

| clear TENDinICSR |
1

Juy
Juz

] [13]

| clearstopinicsr |
Write BBSY =0
and SCP =0

Read STOP in ICSR

[14]
Yes -
Set MST =0 and TRS
=0inICCRA [15]

| clear TDREinICSR |

[
[2]
3]
4]
[5]
[6]
[7]
[8]
[9]
[10]

11

[12]
[13]
[14]

[15]

Test the status of the SCL and SDA lines.

Set master transmit mode.

Start condition issuance.

Set transmit data for the first byte (slave address + R/W).

Wait for 1 byte to be transmitted.

Test the acknowledge bit, transferred from the specified slave device.

Set transmit data for the second and subsequent data (except for the last byte).
Wait for ICDRT empty.

Set transmit data for the last byte.

Wait for the completion of transmission for the last byte.

Clear TEND flag.

Clear STOP flag.
Stop condition issuance.
Wait for the generation of the stop condition.

Set slave receive mode. Clear TDRE.

Figure 17.14 Sample Flowchart for Master Transmit Mode
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|| master receive mode ||

Clear TEND in ICSR
1

|

Set TRS =0 (ICCRA) |
|

|

Clear TDRE in ICSR
1

Set ACKBT =0 (ICIER) |

]
|Dummy reading of ICDRR |

| ReadRDRFinICSR |

Set ACKBT =1 (ICIER)
|
| Set RCVD = 1 (ICCRA) |

[
| Read ICDRR |

——

| Read RDRFinICSR |

Mo one 17>

Yes
| cClearsTOPinICSR |
|

and SCP =0

—

| ReadsTOPinICSR |

N Srop - 1>

Yes

| Read ICDRR |
1

| Write BBSY = 0 |

Set RCVD = 0 (ICCRA) |
|

| Set MST = 0 (ICCRA) |

End

Sy IS ) S A  ES— ) S

[1]

[2]

3]

[4]

[5]

(6]

7]

[8]

[9]

] wo

11

[12]

[13]

[14]

[15]

[1]
[
31
[41
[51
[6]
71
[8]

[9]

Clear TEND, set master receive mode, and then clear TDRE.*

Set acknowledge to the transmit device.*

Dummy reading of ICDDR*

Wait for 1 byte to be received.

Check if (last receive — 1).

Read the receive data.

Set acknowledge of the last byte. Disable continuous reception (RCVD = 1).
Read receive data of (last byte — 1).

Wait for the last byte to be received.

[10] Clear STOP flag.

[11] Stop condition issuance

[12] Wait for the generation of stop condition.

[13] Read the receive data of the last byte.

[14] Clear RCVD to 0.

[15] Set slave receive mode.

Note: * Steps 1 to 3 should be executed

continously.

Figure 17.15 Sample Flowchart for Master Receive Mode
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|| Slave transmit mode || [1] Clear the AAS flag.
I
[ Clear AAS in ICSR | :I [1] [2] Set transmit data to ICDRT (except for the last byte).
Write transmit data 2] [3] Wait for ICDRT empty.
in ICDRT
- [4] Set the last byte of the transmit data.
I Read TDRE in ICSR I [5] Wait the transmission end of the last byte.
No [3]
[6] Clear the TEND flag.
Yes : [7] Set slave receive mode.

No
@ [8] Dummy reading of ICDRR to release the SCL line.

4
ves e [9] Clear the TDRE flag.
Write transmit data
to ICDRT

1 -

| Read TENDinICSR |

No @ [5]

Yes i

[ ClearteEndinicsR_| ] 18]
|

[[setirs=omiccrA_| | m
|

[(Dummy reading of ICDRR | | 18]
|

[ CeartoREinICSR_| | 9]

End

Figure 17.16 Sample Flowchart for Slave Transmit Mode
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" Slave receive mode "
I

| ciearaasinicsr |
|

Set ACKBT =0 in ICIER

I
IDummy reading of ICDRR I

—————————————— |

| ReadRDRFinICSR |

Set ACKBT =1 in ICIER

|

| Read ICDRR |
I —
|

| ReadRDRFinICSR |

e 1>

Yes
| Read ICDRR |

1L

7 5 1 L—1

[1

[2]

[3]

[4]

[5]

[6]

[71

8]

[9]

[10]

(1
(2]
K]
(4
(5]
(6]
(7]
8]
(9]

Clear the AAS flag.

Set the acknowledge for the transmit device.
Dummy reading of ICDRR.

Wait the reception end of 1 byte.

Test the (last receive — 1).

Read the received data.

Set the acknowledge for the last byte.

Read the received data of the (last byte — 1).

Wait the reception end of the last byte.

[10] Read the received data of the last byte.

Figure 17.17 Sample Flowchart for Slave Receive Mode
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17.5 Interrupt Requests

There are six interrupt requests in this module; transmit data empty, transmit end, receive data full,
NACK detection, STOP recognition, and arbitration lost. Table 17.3 shows the contents of each
interrupt request.

Table 17.3 Interrupt Requests

Interrupt Request Abbreviation  Interrupt Condition

Transmit data empty TXI (TDRE =1) - (TIE=1)

Transmit end TEI (TEND =1) - (TEIE = 1)

Receive data full RXI (RDRF =1) - (RIE = 1)

STOP recognition STPI (STOP =1) «(STIE=1)

NACK detection NAKI {(NACKF = 1) + (AL = 1)} - (NAKIE = 1)

Arbitration lost
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17.6  Bit Synchronous Circuit
In master mode,

e  When the SCL is driven low by the slave device

e When the rising speed of the SCL is lower by the load of the SCL line (load capacitance or
pull-up resistance)

This module has a possibility that the high level period may be short in the two states described
above. Therefore it monitors the SCL and communicates by bits with synchronization.

Figure 17.18 shows the timing of the bit synchronous circuit and table 17.4 shows the time when
SCL output changes from low to Hi-Z then the SCL is monitored.

Reference clock i i
for SCL monitor , ,

timing | I
SCL : VIH \\\ /_4:—"‘ XK

|
EN

| T \wwa |_
I ' 7
Internal SCL 4@J | e cmeeeieaa _‘:_.

Figure 17.18 Timing of Bit Synchronous Circuit

Table 17.4 Time for Monitoring SCL

CKS3 CKS2 Time for Monitoring SCL
0 0 7.5 teyc

1 19.5 tecyc
1 0 17.5 teyc

1 41.5 tcyc
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Section 18 A/D Converter

This LSI includes a successive-approximation-type 10-bit A/D converter that allows up to sixteen
analog input channels to be selected. Figure 18.1 shows a block diagram of the A/D converter.

18.1 Features

e 10-bit resolution
e Sixteen input channels
e Conversion time: 8.38 us per channel (min.)
e Two kinds of operating modes
Single mode: Single-channel A/D conversion
Scan mode: Continuous A/D conversion on 1 to 4 channels or 1 to 8 channels
o FEight data registers
Conversion results are retained in a 16-bit data register for each channel
e Sample and hold function
e Three kinds of conversion start

Conversion can be started by software, conversion start trigger by 16-bit timer pulse unit
(TPU) or 8-bit timer (TMR), or external trigger signal.

e Interrupt source
A/D conversion end interrupt (ADI) request can be generated

e Module stop mode can be set
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Module data bus

Internal data bus
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AN11 —™]
AN12 —™]
AN13 —*]
AN14 —]
AN15 —*1

Sample-and-
hold circuit

Multiplexer

T

Control circuit

ADTRG

[Legend]

ADCR: A/D control register
ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C

ADDRD:
ADDRE:
ADDRF:
ADDRG:
ADDRH:

A/D data register D
A/D data register E
A/D data register F
A/D data register G
A/D data register H

ADI interrupt
signal

Conversion start
trigger from 8-bit
timer or TPU

Figure 18.1 Block Diagram of A/D Converter
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18.2  Input/Output Pins

Table 18.1 shows the pin configuration of the A/D converter.

The AVcc and AVss pins are the power supply pins for the analog block in the A/D converter. The
Vref pin is the reference voltage pin for the A/D conversion.

The sixteen analog input pins are divided into two channel sets: channel set O (ANO to AN7) and
channel set 1 (ANS8 to AN15).

Table 18.1 Pin Configuration

Pin Name Symbol /10 Function

Analog power supply pin ~ AVcc Input Analog block power supply
Analog ground pin AVss Input Analog block ground
Reference voltage pin Vref Input A/D conversion reference voltage
Analog input pin 0 ANO Input Analog inputs for channel set 0
Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input

Analog input pin 5 AN5 Input

Analog input pin 6 AN6 Input

Analog input pin 7 AN7 Input

Analog input pin 8 AN8 Input Analog inputs for channel set 1
Analog input pin 9 AN9 Input

Analog input pin 10 AN10 Input

Analog input pin 11 AN11 Input

Analog input pin 12 AN12 Input

Analog input pin 13 AN13 Input

Analog input pin 14 AN14 Input

Analog input pin 15 AN15 Input

A/D external trigger input  ADTRG Input External trigger input for starting A/D

pin

conversion
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18.3  Register Descriptions

The A/D converter has the following registers.

e A/D data register A (ADDRA)
e A/D data register B (ADDRB)
e A/D data register C (ADDRC)
e A/D data register D (ADDRD)
e A/D data register E (ADDRE)
e A/D data register F (ADDRF)

e A/D data register G (ADDRG)
e A/D data register H (ADDRH)

e A/D control/status register (ADCSR)

e A/D control register (ADCR)

18.3.1 A/D Data Registers A to H (ADDRA to ADDRH)

There are eight 16-bit read-only ADDR registers, ADDRA to ADDRH, used to store the results of
A/D conversion. ADDR, which store a conversion result for each channel, are shown in table 18.2.

The converted 10-bit data is stored in bits 15 to 6. The lower 6-bit data is always read as 0.

The data bus between the CPU and the A/D converter is 16-bit width. ADDR can be read directly

from the CPU.

Table 18.2 Analog Input Channels and Corresponding ADDR

Analog Input Channel

Channel Set 0 (CH3 = 0) Channel Set1 (CH3 =1)

A/D Data Register which Stores
Conversion Result

ANO AN8 ADDRA
AN1 AN9 ADDRB
AN2 AN10 ADDRC
AN3 AN11 ADDRD
AN4 AN12 ADDRE
AN5 AN13 ADDRF
ANG6 AN14 ADDRG
AN7 AN15 ADDRH
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18.3.2

ADCSR controls A/D conversion operations.

Bit

A/D Control/Status Register (ADCSR)

Bit Name

Initial Value

R/W

Description

7

ADF

0

R/(W)*

A/D End Flag

A status flag that indicates the end of A/D
conversion.

[Setting conditions]

¢ When A/D conversion ends in single mode

e When A/D conversion ends on all specified
channels in scan mode

[Clearing condition]

e When 0 is written after reading ADF = 1

6

ADIE

RW

A/D Interrupt Enable

Enables an ADI interrupt by the ADF bit when this
bit is set to 1.

5

ADST

0

R/W

A/D Start

Clearing this bit to 0 stops A/D conversion, and
the A/D converter enters the wait state. When this
bit is set to 1 by software, conversion start trigger
by the TPU or TMR, or ADTRG pin, A/D
conversion starts. This bit remains set to 1 during
A/D conversion. In single mode, this bit is cleared
to 0 automatically when conversion on the
specified channel ends. In scan mode, conversion
continues sequentially on the specified channels
until this bit is cleared to 0 by a reset, a transition
to hardware standby mode, or software.

Reserved

This bit is always read as 0 and cannot be
modified.
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Bit Bit Name Initial Value R/W Description
3 CH3 0 R/W Channel Select 3to 0
2 CH2 0 R/W Select analog input together with the SCANE and
1 CH1 0 R/W SCANS bits in ADCRS.
0 CHO 0 R/W Set the input channel when conversion is stopped
(ADST = 0).
When SCANE =0 and SCANS = x
0000: ANO 1000: AN8
0001: AN1 1001: AN9
0010: AN2 1010: AN10
0011: AN3 1011: AN11
0100: AN4 1100: AN12
0101: AN5 1101: AN13
0110: AN6 1110: AN14
0111: AN7 1111: AN15
When SCANE = 1 and SCANS =0
0000: ANO 1000: AN8

0001: ANO and AN1  1001: AN8 and AN9
0010: ANO to AN2 1010: AN8 to AN10
0011: ANO to AN3 1011: AN8 to AN11
0100: AN4 1100: AN12

0101: AN4 and AN5 1101: AN12 and AN13
0110: AN4 to AN6 1110: AN12 to AN14
0111: AN4 to AN7 1111: AN12 to AN15
When SCANE =1 and SCANS = 1

0000: ANO 1000: AN8

0001: ANO and AN1  1001: AN8 and AN9
0010: ANO to AN2 1010: AN8 to AN10
0011: ANO to AN3 1011: AN8 to AN11
0100: ANO to AN4 1100: AN8 to AN12
0101: ANO to AN5 1101: AN8 to AN13
0110: ANO to AN6 1110: AN8 to AN14
0111: ANO to AN7 1111: AN8 to AN15

[Legend] x: Don’t care.
Note: * Only 0 can be written to clear the flag.
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18.3.3  A/D Control Register (ADCR)

ADCR enables an A/D conversion start by an external trigger input.

Bit Bit Name Initial Value R/W Description
7 TRGSH1 0 R/W Timer Trigger Select 1 and 0
6 TRGSO0 0 R/W Select enabling or disabling of the start of A/D

conversion by a trigger signal.

00: A/D conversion start by external trigger is
disabled

01: A/D conversion start by conversion start trigger
(TPU) is enabled

10: A/D conversion start by conversion start trigger
(TMR) is enabled

11: A/D conversion start by ADTRG pin is enabled
5 SCANE 0 R/W Scan Mode

4 SCANS 0 R/W Select single mode or scan mode as the A/D
conversion operating mode.

0x: Single mode

10: Scan mode. A/D conversion is performed
continuously for channels 1 to 4

11: Scan mode. A/D conversion is performed
continuously for channels 1 to 8.

3 CKSH1 0 R/W Clock Select 1 and 0
2 CKSO0 0 R/W Set the A/D conversion time.

Only set bits CKS1 and CKSO0 while conversion is
stopped (ADST = 0).

00: A/D conversion time = 530 states (max.)

01: A/D conversion time = 266 states (max.)
10: A/D conversion time = 134 states (max.)
11: A/D conversion time = 68 states (max.)

— 0 R/W Reserved
0 — 0 R/W These bits are always read as 0 and cannot be
modified.

[Legend] x: Don’t care.
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18.4  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes: single mode and scan mode. When changing the operating mode or analog input
channel, to prevent incorrect operation, first clear the ADST bit in ADCSR to 0 to halt A/D
conversion. The ADST bit can be set at the same time as the operating mode or analog input
channel is changed.

18.4.1  Single Mode

In single mode, A/D conversion is to be performed only once on the specified single channel.
Operations are as follows.

1. A/D conversion is started when the ADST bit in ADCSR is set to 1, according to software or
external trigger input.

2. When A/D conversion is completed, the result is transferred to the corresponding A/D data
register to the channel.

3. On completion of conversion, the ADF bit in ADCSR is set to 1. If the ADIE bit is set to 1 at
this time, an ADI interrupt request is generated.

4. The ADST bit remains set to 1 during A/D conversion, and is automatically cleared to O when
conversion ends. When the ADST bit is cleared to 0 during A/D conversion, A/D conversion
stops and the A/D converter enters the wait state.

18.4.2 Scan Mode

In scan mode, A/D conversion is to be performed sequentially on the specified channels:
maximum four channels or maximum eight channels. Operations are as follows.

1. When the ADST bit in ADCSR is set to 1 by software, TPU, or external trigger input, A/D
conversion starts on the first channel in the specified channel set.

The consecutive A/D conversion on maximum four channels (SCANE = 1 and SCANS =0) or
on maximum eight channels (SCANE = 1 and SCANS = 1) can be selected. When the
consecutive A/D conversion is performed on the four channels, the A/D conversion starts on
ANO when CH3 = 0 and CH2 = 0, AN4 when CH3 =0 and CH2 = 1, AN8 when CH3 =1 and
CH2 =0, or AN12 when CH3 = 1 and CH2 = 1. When the consecutive A/D conversion is
performed on the eight channels, the A/D conversion starts on ANO when CH3 =0 and CH2 =
0 and on AN8 when CH3 =1 and CH2 = 0.

2. When A/D conversion for each channel is completed, the result is sequentially transferred to
the corresponding A/D data register to each channel.
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3. When conversion for all the selected channels is completed, the ADF bit in ADCSR is set to 1.
If the ADIE bit is set to 1 at this time, an ADI interrupt request is generated. Conversion for
the first channel in the channel set starts again.

4. The ADST bit is not cleared automatically, and steps 2 and 3 are repeated as long as the ADST
bit remains set to 1. When the ADST bit is cleared to 0, A/D conversion stops and the A/D
converter enters the wait state. Then if the ADST bit is set to 1, A/D conversion starts again for
the first channel in the channel set.

18.4.3 Input Sampling and A/D Conversion Time

The A/D converter has an on-chip sample-and-hold circuit. The A/D converter samples the analog
input when A/D conversion start delay time (t,) passes after the ADST bit in ADCSR is set to 1,
then starts conversion. Figure 18.2 shows the A/D conversion timing. Table 18.3 shows the A/D
conversion time.

As shown in figure 18.2, the A/D conversion time (t,,) includes t, and the input sampling time
(t,)- The length of t, varies depending on the timing of the write access to ADCSR. The total
conversion time therefore varies within the ranges indicated in tables 18.3.

In scan mode, the values given in tables 18.3 apply to the first conversion time. The values given
in table 18.4 apply to the second and subsequent conversions.
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Address 2

Write signal | |

Input sampling
timing

ADF

) tspL

tconv
[Legend]

(1): ADCSR write cycle

(2): ADCSR address

tp: A/D conversion start delay time

tgpL:  Input sampling time

tcony: A/D conversion time

Figure 18.2 A/D Conversion Timing

Table 18.3 A/D Conversion Time (Single Mode)
CKS1=0 CKS1 =1

CKS0=0 CKSO0 =1 CKS0=0 CKS0 =1

Item Symbol Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max.

A/D t, 18 — 33 10 — 17 6 — 9 4 — 5
conversion

start delay

time

Input [ — 127 — — 63 — — 31 — — 15 -
sampling
time

A/D teony 515 — 530 259 — 266 131 — 134 67 — 68
conversion
time

Note: Values in the table are the number of states.
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Table 18.4 A/D Conversion Time (Scan Mode)

CKsS1 CKSo0 Conversion Time (State)
0 0 512 (Fixed)

1 256 (Fixed)
1 0 128 (Fixed)

1 64 (Fixed)

18.4.4  External Trigger Input Timing

A/D conversion can be started by an external trigger input. When the TRGS1 and TRGSO bits in
ADCR are set to 11, an external trigger input is enabled at the ADTRG pin. A falling edge at the
ADTRG pin sets the ADST bit in ADCSR to 1, starting A/D conversion. Other operations, in both
single and scan modes, are the same as when the ADST bit has been set to 1 by software. Figure
18.3 shows the timing.

ADTRG

Internal trigger signal

ADST |
| A/D conversion
I

Figure 18.3 External Trigger Input Timing
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18.5  Interrupt Source

The A/D converter generates an A/D conversion end interrupt (ADI) at the end of A/D conversion.
Setting the ADIE bit to 1 enables an ADI interrupt request while the ADF bit in ADCSR is set to 1
after A/D conversion is completed.

Table 18.5 A/D Converter Interrupt Source

Name Interrupt Source Interrupt Flag
ADI End of A/D conversion ADF

18.6  A/D Conversion Accuracy Definitions
This LSI’s A/D conversion accuracy definitions are given below.

e Resolution
The number of A/D converter digital output codes

e (Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 18.4).

e Offset error
The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 18.5).

e Full-scale error
The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 18.5).

¢ Nonlinearity error
The error with respect to the ideal A/D conversion characteristic between the zero voltage and
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error
(see figure 18.5).

e Absolute accuracy
The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.
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Digital output

111 |- characteristic
110 |-
101 |-
100 |~
011 |-
t

010 |-

001 |-

000

Ideal A/D conversion —»

Quantization error

| |
1 2
1024 1024

1022 1023 FS

1024 1024
Analog
input voltage

Figure 18.4 A/D Conversion Accuracy Definitions

Digital output

Full-scale error

T

Ideal A/D conversion
characteristic

7
”

’

’
’
’
’
7

/" characteristic

Nonlinearity
. error

L Actual A/D conversion

’

T— Offset error

FS

Analog
input voltage

Figure 18.5 A/D Conversion Accuracy Definitions
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18.7  Usage Notes

18.7.1 Module Stop Mode Setting

Operation of the A/D converter can be disabled or enabled using the module stop control register.
The initial setting is for operation of the A/D converter to be halted. Register access is enabled by
clearing module stop mode. For details, refer to section 22, Power-Down Modes.

18.7.2  Permissible Signal Source Impedance

This LSI’s analog input is designed so that conversion accuracy is guaranteed for an input signal
for which the signal source impedance is 5 kQ or less. This specification is provided to enable the
input capacitance of the A/D converter’s sample-and-hold circuit to be charged within the
sampling time; if the sensor output impedance exceeds 5 kQ2, charging may be insufficient and it
may not be possible to guarantee the A/D conversion accuracy. However, if a large capacitance is
provided externally for conversion in single mode, the input load will essentially comprise only
the internal input resistance of 10 kQ, and the signal source impedance is ignored. However, since
a low-pass filter effect is obtained in this case, it may not be possible to follow an analog signal
with a large differential coefficient (e.g., 5 mV/us or greater) (see figure 18.6). When converting a
high-speed analog signal or performing conversion in scan mode, a low-impedance buffer should
be inserted.

This LSI - —
Equivalent circuit of A/D converter
Sensor output
impedance
Up to 10 kQ 10 kQ

Sensor input —\/W . l W l
Cin =

15 pF l

! Low-pass 20 pF
¢ filter l
' Cto0.1uF

Figure 18.6 Example of Analog Input Circuit
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18.7.3  Influences on Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute accuracy. Be sure to make the connection to an electrically stable GND such as
AVss.

Care is also required to insure that filter circuits do not interfere with digital signals on the
mounting board, so acting as antennas.

18.7.4  Setting Range of Analog Power Supply and Other Pins
If conditions shown below are not met, the reliability of the LSI may be adversely affected.

e Analog input voltage range

The voltage applied to analog input pin ANn during A/D conversion should be in the range
AVss < ANn < Vref.

e Relation between AVcc, AVss and Vcec, Vss

For the relationship between AVce, AVss and Vcce, Vss, set AVee > Vee and AVss = Vss. If
the A/D converter is not used, the AVcc and AVss pins must not be open.

e Vref setting range

The reference voltage at the Vref pin should be set in the range Vref < AVcc.

18.7.5 Notes on Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as possible,

and layout in which digital circuit signal lines and analog circuit signal lines cross or are in close
proximity should be avoided as far as possible. Failure to do so may result in incorrect operation
of the analog circuitry due to inductance, adversely affecting A/D conversion values.

Also, digital circuitry must be isolated from the analog input pins (ANO to AN15), analog
reference power supply (Vref), and analog power supply voltage (AVcc) by the analog ground
(AVss). Also, the analog ground (AVss) should be connected at one point to a stable digital
ground (Vss) on the board.

18.7.6  Notes on Noise Countermeasures

A protection circuit connected to prevent damage due to an abnormal voltage such as an excessive
surge at the analog input pins (ANO to AN15) should be connected between AVcc and AVss as
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shown in figure 18.7. Also, the bypass capacitors connected to AVcc and the filter capacitor
connected to ANO to AN15 must be connected to AVss.

If a filter capacitor is connected, the input currents at the analog input pins (ANO to AN15) are
averaged, and so an error may arise. Also, when A/D conversion is performed frequently, as in
scan mode, if the current charged and discharged by the capacitance of the sample-and-hold circuit
in the A/D converter exceeds the current input via the input impedance (R, ), an error will arise in
the analog input pin voltage. Careful consideration is therefore required when deciding the circuit
constants.

/_\/

O [ AVcc
O T [ Vref
Rin* 2 100 Q
al m| o WT MWy E ANO to AN15
0.1 pF
O - T [ AVss

/_\/

Notes: Values are reference values.
1. |

10uF zz —= 0.01 pF

o

2. Rjp: Input impedance

Figure 18.7 Example of Analog Input Protection Circuit

Table 18.6 Analog Pin Specifications

Item Min. Max. Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 5 kQ
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Section 19 RAM

This LSI has 16 kbytes of on-chip high-speed static RAM. The RAM is connected to the CPU by a
16-bit data bus, enabling one-state access by the CPU to both byte data and word data.

The on-chip RAM can be enabled or disabled by means of the RAME bit in the system control
register (SYSCR). For details on SYSCR, see section 3.2.2, System Control Register (SYSCR).
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Section 20 Flash Memory (0.18-um F-ZTAT Version)

The flash memory has the following features. Figure 20.1 shows a block diagram of the flash
memory.

20.1 Features

e Size
Product Classification ROM Size ROM Address
H8S/2437 HD64F2437 256 kbytes H'000000 to H'03FFFF

e Two flash-memory MATSs according to LSI initiation mode
The on-chip flash memory has two memory spaces in the same address space (hereafter
referred to as memory MATs). The mode setting in the initiation determines which memory
MAT is initiated first. The MAT can be switched by using the bank-switching method after
1nitiation.
The user memory MAT is initiated at a power-on reset in user mode: 256 kbytes
The user boot memory MAT is initiated at a power-on reset in user boot mode: 8 kbytes

e Programming/erasing interface by the download of on-chip program

This LSI has a dedicated programming/erasing program. After downloading this program to
the on-chip RAM, programming/erasing can be performed by setting the argument parameter.

e Programming/erasing time

The flash memory programming time is 3 ms (typ.) in 128-byte simultaneous programming
and approximately 25 us per byte. The erasing time is 1000 ms (typ.) per 64-kbyte block.

e Number of programming

The number of flash memory programming can be up to 100 times at the minimum. (The value
ranged from 1 to 100 is guaranteed.)

e Three on-board programming modes
Boot mode:

This mode is a program mode that uses an on-chip SCI interface. The user MAT and user boot
MAT can be programmed. This mode can automatically adjust the bit rate between the host
and this LSI.

User program mode:
The user MAT can be programmed by using any interface.
User boot mode:

The user boot program of any interface can be created and the user MAT can be programmed.
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e Programming/erasing protection
Sets protection against flash memory programming/erasing via hardware, software, or error
protection.

e Programmer mode
This mode uses the PROM programmer. The user MAT and user boot MAT can be
programmed.

< Internal address bus >
AN
< Internal data bus (16 bits) >
™\
N/ A4
L_Fccs |
EPCS
2] _
a M Memory MAT unit
% C> L Control unit User MAT: 256 kbytes
el
§ FMATS User boot MAT: 8 kbytes
FTDAR
N/ Flash memory
FWEpin g Operating
Mode pin mode
[Legend]

FCCS: Flash code control/status register

FPCS:  Flash program code select register

FECS: Flash erase code select register

FKEY:  Flash key code register

FMATS: Flash MAT select register

FTDAR: Flash transfer destination address register

Note: To read from or write to the registers, the FLSHE bit in the system control
register (SYSCR) must be set to 1.

Figure 20.1 Block Diagram of Flash Memory
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20.1.1 Mode Transition

When each mode pin and the FWE pin are set in the reset state and the reset is canceled, this LSI
enters each operating mode as shown in figure 20.2.

¢ Flash memory can be read in user mode, but cannot be programmed or erased.

o Flash memory can be read, programmed, or erased on the board only in boot mode, user
program mode, and user boot mode.

e Flash memory can be read, programmed, or erased by means of the PROM programmer in

programmer mode.

Reset state

RES =0

Programmer
mode

Programmer mode setting

FLSHE =0

- FWE =0 (~

User mode

FWE =1 -
\.

User program
mode

User boot Boot mode
mode

FLSHE=1

\

On-board programming mode

Figure 20.2 Mode Transition of Flash Memory
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20.1.2 Mode Comparison

The comparison table of programming and erasing related items about boot mode, user program
mode, user boot mode, and programmer mode is shown in table 20.1.

Table 20.1 Comparison of Programming Modes

User program Programmer

Boot mode mode User boot mode mode
Programming/ On-board On-board On-board PROM
erasing programmer
environment
Programming/ User MAT User MAT User MAT User MAT
erasing enable  jger hoot MAT User boot MAT
MAT
All erasure O (Automatic) @) @) O (Automatic)
Block division O o O x
erasure
Program data From host via SCI Via any device Via any device Via programmer
transfer
Reset initiation Embedded User MAT User boot MAT**
MAT program storage

MAT
Transition to user Changing mode  Changing FLSHE Changing mode  —
mode setting and reset  bit and FWE pin  setting and reset

Notes: 1. All-erasure is performed. After that, the specified block can be erased.

2. Firstly, the reset vector is fetched from the embedded program storage MAT. After the
flash memory related registers are checked, the reset vector is fetched from the user
boot MAT.

e The user boot MAT can be programmed or erased only in boot mode and programmer mode.

e The user MAT and user boot MAT are erased in boot mode. Then, the user MAT and user boot
MAT can be programmed by means of the command method. However, the contents of the
MAT cannot be read until this state.

Only user boot MAT is programmed and the user MAT is programmed in user boot mode or
only user MAT is programmed because user boot mode is not used.

e The boot operation of any interface can be performed by the mode pin setting different from
user program mode in user boot mode.
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20.1.3  Flash Memory MAT Configuration

This LST’s flash memory consists of the 256-kbyte user MAT and 8-kbyte user boot MAT.

The start address is allocated to the same address in the user MAT and user boot MAT. Therefore,
when the program execution or data access is performed between two MATs, the MAT must be
switched by using FMATS.

The user MAT or user boot MAT can be read in all modes. However, the user boot MAT can be
programmed only in boot mode and programmer mode.

Address H'000000

Address H'03FFFF

<User MAT>

A

Yy

Address H'000000

Address H'001FFF

256 kbytes

<User Boot MAT>

IS kbytes

Figure 20.3 Flash Memory Configuration

The size of the user MAT is different from that of the user boot MAT. An address which exceeds
the size of the 8-kbyte user boot MAT should not be accessed. If the attempt is made, an undefined

value will be read.
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20.1.4 Block Division

The user MAT is divided into 64 kbytes (three blocks), 32 kbytes (one block), and 4 kbytes (eight
blocks) as shown in figure 20.4. The user MAT can be erased in this divided-block units and the
erase-block number of EBO to EB11 is specified when erasing.

EBO | H'000000 ' H'000001 ! H'000002 ' < Programming unit: 128 bytes—> ' H00007F
Erase unit: 4 kbytes ~— ' ' ' | ~
HOOOF80 ' H'000F81 ! HO0OF82 '  — - — — - — — — —_ _ _ __ ! H000FFF
EB1 H001000 | H001001 ' HO01002 ! < Programming unit: 128 bytes— ! HO0107F
Erase unit: 4 kbytes =L ' ' ' ' L
HO01F80 | HO01F81 | HOOLF82 |  — - —————— —— —— — - ! HOO1FFF
EB2 H'002000 ! H'002001 ! H002002 ! < Programming unit: 128 bytes— ' H00207F
Erase unit: 4 kbytes =~ H H H ' o
HO002F80 | HO002F81 | HO02F82 |  — - ———————— —— — - ! H002FFF
EB3 H'003000 ! H003001 ! H003002 !  «Programming unit: 128 bytes—> ! H00307F
Erase unit: 4 kbytes == . . . j L
HO03F80 : HO03F81 : HO003F82:  —————-————————— | HO03FFF
EB4 H'004000 ; H'004001 ; H004002 ; ¢ Programming unit: 128 bytes— | H00407F
Erase unit: 32 kbytes ~_ . \ j j L
HOOBF80: HOOBF81 i HOOBF82: W — ————————————— | HO0BFFF
EB5 H'00C000, H'00C001 ; H'00C002; ¢ Programming unit: 128 bytes— | H00CO7F
Erase unit: 4 kbytes =~ E E E E L
H'OOCF80: HOOCF8L: HOOCF82: - ——-——-—-————=———~— | HOOCFFF
EB6 H'00D000 ; H'00DOOL ; H00D002 .  «Programming unit: 128 bytes— | H00DO7F
Erase unit: 4 kbytes =L ! ! ! ! L
H'OODF80+ HOODF81 1 HOODF82:  — ——— — ——— — - — — — — | HOODFFF
EB7 H'00E000 : H'OOEQ01 : HOOE002 : < Programming unit: 128 bytes—> 1 HOOEQO7F
Erase unit: 4 kbytes = ! ! ! ! A=
HOOEFS0 ' HOOEFS81 | HOOEF82!  ——————-———-—-———- | HOOEFFF
EB8 H'OOF000 : H'00F001 1 H'00F002 i < Programming unit: 128 bytes— | HOOFO7F
Erase unit: 4 kbytes = ! ! ! ' L
HOOFF80 ! HOOFFSL | HOOFF82!  ————————————— - ' HOOFFFF
EB9 H'010000 + H'010001 : H010002 : < Programming unit: 128 bytes— | H'01007F
Erase unit: 64 kbytes = ' ' ' ' =
HOLFF80 ! HOLFF8L ' HOLFF82 ' - ——— - ————————— ' HOIFFFF
EB10 H'020000 1 H'020001 + H'020002 i < Programming unit: 128 bytes— 1+ H02007F
Erase unit: 64 kbytes == H H H ' ~N=
HO2FF80! HO2FFBL ! HO2FF82!  — —— —— —— —— — — — — - ' HO2FFFF
EB11 H'030000 : H030001 : H030002 + < Programming unit: 128 bytes—> 1 H03007F
Erase unit: 64 kbytes = 1 1 1 1 0
HO3FF80 ! HO3FF8L ! HO3FF82! ~ — - — — - ————————— ' HO3FFFF

Figure 20.4 Block Division of User MAT

Rev.2.00 May. 28, 2009 Page 554 of 732
REJ09B0059-0200 RENESAS




Section 20 Flash Memory (0.18-um F-ZTAT Version)

20.1.5 Programming/Erasing Interface

Programming/erasing is executed by downloading the on-chip program to the on-chip RAM and
specifying the program address/data and erase block by using the interface register/parameter.

The procedure program should be created by the user in user program mode and user boot mode.
An overview of the procedure is given as follows. For details, see section 20.4.2, User Program
Mode.

[ Start user procedure j
program for programming/erasing.
|
Select on-chip program to be
downloaded and
specify the destination.
|

Download on-chip program
by setting FKEY and SCO bits.

Initialization execution
(downloaded program execution)

Programming (in 128-byte units)
or erasing (in one-block units)
(downloaded program execution)

Programming/erasing
completed?

End user procedure
program

No

Figure 20.5 Overview of User Procedure Program

(1) Selection of On-chip Program to be Downloaded

For programming/erasing execution, the FLSHE bit in SYSCR must be set to 1 to make a
transition to user program mode.

This LSI has programming/erasing programs which can be downloaded to the on-chip RAM. The
on-chip program to be downloaded is selected by setting the corresponding bits in the
programming/erasing interface register. The address of the download destination can be specified
by the flash transfer destination address register (FTDAR).
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(2) Download of On-Chip Program

The on-chip program is automatically downloaded by setting the flash key code register (FKEY)
and the SCO bit in the flash code control/status register (FCCS), which are programming/erasing
interface registers.

The flash memory MAT is replaced to the embedded program storage area during downloading.
Since the flash memory MAT cannot be read when programming/erasing, the procedure program,
which is working from download to completion of programming/erasing, must be executed in the
space other than the flash memory (for example, on-chip RAM).

Since the result of download is returned to the programming/erasing interface parameter, whether
the normal download is executed or not can be confirmed.

(3) Initialization of Programming/Erasing

The operating frequency is set before execution of programming/erasing. This setting is made by
using the programming/erasing interface parameter.

(4) Programming/Erasing Execution

For programming/erasing execution, the FLSHE bit in SYSCR and the FWE pin must be set to 1
to make a transition to user program mode.

The program data/programming destination address is specified in 128-byte units when
programming. The block to be erased is specified in erase-block units when erasing.

These specifications are set by using the programming/erasing interface parameter and the on-chip
program is initiated. The on-chip program is executed by using the JSR or BSR instruction and
performing the subroutine call of the specified address in the on-chip RAM. The execution result
is returned to the programming/erasing interface parameter.

The area to be programmed must be erased in advance when programming flash memory. All
interrupts must be disabled during programming and erasing. Interrupts must be masked within the
user system.

(5) When Programming/Erasing is Executed Consecutively

When the processing is not ended by the 128-byte programming or one-block erasure, the program
address/data and erase-block number must be updated to perform programming/erasing
consecutively.

Since the downloaded on-chip program is left in the on-chip RAM after the processing, download
and initialization are not required when the same processing is executed consecutively.
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20.2  Input/Output Pins

Table 20.2 shows the flash memory pin configuration.

Table 20.2 Pin Configuration

Pin Name /0 Function

RES Input Reset

FWE Input Flash memory programming/erasing enable pin
MD2 Input Sets operating mode of this LSI

MD1 Input Sets operating mode of this LSI

MDO Input Sets operating mode of this LSI

TxD1 Output Serial transmit data output (used in boot mode)
RxD1 Input Serial receive data input (used in boot mode)

20.3  Register Descriptions

The registers/parameters which control flash memory are shown below. To access these registers,
the FLSHE bit in SYSCR must be set to 1. For details on SYSCR, see section 3.2.2, System
Control Register (SYSCR).

Flash code control/status register (FCCS)

Flash program code select register (FPCS)

Flash erase code select register (FECS)

Flash key code register (FKEY)

Flash MAT select register (FMATS)

Flash transfer destination address register (FTDAR)
Download pass/fail result (DPFR)

Flash pass/fail result (FPFR)

Flash multipurpose address area (FMPAR)

Flash multipurpose data destination area (FMPDR)
Flash erase block select (FEBS)

Flash program/erase frequency control (FPEFEQ)

There are several operating modes for accessing flash memory, for example, read mode/program
mode.
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There are two memory MATSs: user MAT and user boot MAT. The dedicated registers/parameters
are allocated for each operating mode and MAT selection. The correspondence of operating modes
and registers/parameters for use is shown in table 20.3.

Table 20.3 Registers/Parameters and Target Modes

Program-
Download Initialization ming Erasure Read
Programming/ FCCS O — — — _
Erasing FPCS O — — — —
Interface
Registers FECS ©O — — _ _
FKEY O — (@) (@) —
FMATS — — O O * O #2
FTDAR O — — — _
Programming/ DPFR O — — — _
Erasing FPFR — 5 o o —
Interface
Parameters FPEFEQ — o — — —
FMPAR — — O — -
FMPDR — — (@) — —
FEBS — — — (@) _

Notes: 1. The setting is required when programming or erasing the user MAT in user boot mode.

2. The setting may be required according to the combination of initiation mode and read
target MAT.

20.3.1 Programming/Erasing Interface Registers

The programming/erasing interface registers are described below. They are all 8-bit registers that
can be accessed only in bytes. These registers are initialized by a reset or in hardware standby
mode.
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(1) Flash Code Control/Status Register (FCCS)

FCCS is configured by bits which request the monitor of the FWE pin state and error occurrence
during programming or erasing flash memory and the download of the on-chip program.

Initial
Bit Bit Name Value R/W Description
7 FWE 1/0 R Flash Program Enable
Monitors the signal level input to the FWE pin.
0: A low level signal is input to the FWE pin.
(Hardware protection state)
1: A high level signal is input to the FWE pin.
6,5 — AllO R/W Reserved
The initial value should not be changed.
4 FLER 0 R Flash Memory Error

Indicates an error occurs during programming and
erasing flash memory. When this bit is set to 1, flash
memory enters the error protection state.

When this bit is set to 1, high voltage is applied to the
internal flash memory. To reduce the damage to flash
memory, the reset must be released after the reset
period of 100 pus which is longer than normal.

0: Flash memory operates normally.
Programming/erasing protection for flash memory
(error protection) is invalid.

[Clearing condition]

e By areset or in hardware standby mode

1: An error occurs during programming/erasing flash
memory.

Programming/erasing protection for flash memory
(error protection) is valid.

[Setting conditions]

¢ When an interrupt, such as NMI, occurs during
programming/erasing flash memory.

e When the flash memory is read during
programming/erasing flash memory (including a
vector read or an instruction fetch).

e When the SLEEP instruction is executed during
programming/erasing flash memory (including
software standby mode)
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Bit

Bit Name Value

Initial

R/W

Description

3

WEINTE O

R/W

Program/Erase Enable

Modifies the space for the interrupt vector table, when
interrupt vector data is not read successfully during
programming/erasing flash memory or switching
between a user MAT and a user boot MAT. When this bit
is set to 1, interrupt vector data is read from address
spaces H'FF6000 to H'FF607F (on-chip RAM space),
instead of from address spaces H'000000 to H'00007F
(up to vector number 31). Therefore, make sure to set
the vector table in the on-chip RAM space before setting
this bit to 1.

The interrupt exception handling on and after vector
number 32 should not be used because the correct
vector is not read, resulting in the CPU runaway.

0: The space for the interrupt vector table is not
modified.
When interrupt vector data is not read successfully,
the operation for the interrupt exception handling
cannot be guaranteed. An occurrence of any
interrupts should be masked.

1: The space for the interrupt vector table is modified.
Even when interrupt vector data is not read
successfully, the interrupt exception handling up to
vector number 31 is enabled.

R/W

Reserved

The initial value should not be changed.

(R)/W*

Source Program Copy Operation

Requests the on-chip programming/erasing program to
be downloaded to the on-chip RAM. When this bit is set
to 1, the on-chip program which is selected by
FPCS/FECS is automatically downloaded in the on-chip
RAM specified by FTDAR. In order to set this bit to 1,
H'A5 must be written to FKEY and this operation must
be executed in the on-chip RAM.

Four NOP instructions must be executed immediately
after setting this bit to 1. Since this bit is cleared to 0
when download is completed, this bit cannot be read as
1. All interrupts must be disabled during download. This
should be made in the user system.

0: Download of the on-chip programming/erasing
program to the on-chip RAM is not executed.
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Initial
Bit Bit Name Value R/W Description
0 SCO 0 (R)/W=*  [Clearing condition]

¢ When download is completed

1: A request in which the on-chip programming/erasing
program is downloaded to the on-chip RAM occurs.

[Setting conditions]
When all of the following conditions are satisfied and 1 is
set to this bit

e H'A5 is written to FKEY
¢ During execution in the on-chip RAM

Note: * This bit is a write-only bit. This bit is always read as 0.

(2) Flash Program Code Select Register (FPCS)

FPCS selects the on-chip programming program to be downloaded.

Initial
Bit Bit Name Value R/W Description
7t01 — AllO R/W Reserved
The initial value should not be changed.
0 PPVS 0 R/W Program Pulse Verify

Selects the programming program.

0: On-chip programming program is not selected.
[Clearing condition]

e When transfer is completed

1: On-chip programming program is selected.
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(3) Flash Erase Code Select Register (FECS)

FECS selects download of the on-chip erasing program.

Initial
Bit Bit Name Value R/W Description
7to01 — All O R/W Reserved
The initial value should not be changed.
0 EPVB 0 R/W Erase Pulse Verify Block

Selects the erasing program.

0: On-chip erasing program is not selected.
[Clearing condition]

e When transfer is completed

1: On-chip erasing program is selected.

(4) Flash Key Code Register (FKEY)

FKEY is a register for software protection that enables download of the on-chip program and
programming/erasing of flash memory. Before setting the SCO bit to 1 in order to download the
on-chip program or executing the downloaded programming/erasing program, these processing
cannot be executed if the key code is not written.

Initial
Bit Bit Name Value R/W Description
7 K7 0 R/W Key Code
6 K6 0 R/W Only when H'A5 is written, writing to the SCO bit is valid.
5 K5 0 R/W When the value other than H'A5 is written to FKEY, the
4 K4 0 R/W SCO bit cannot be set to 1. Therefore downloading to
3 K3 0 R/W the on-chip RAM cannot be executed.
2 K2 0 R/W
1 KA1 0 R/W Only when H'5A is written, programming/erasing can be
0 KO 0 R/W executed. Even if the on-chip programming/erasing

program is executed, the flash memory cannot be
programmed or erased when the value other than H'5A
is written to FKEY.

H'A5: Writing to the SCO bit is enabled. (The SCO bit
cannot be set by the value other than H'A5.)

H'5A: Programming/erasing is enabled. (The software
protection state is entered by the value other than
H'5A.)

H'00: Initial value
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(5) Flash MAT Select Register (FMATS)

FMATS specifies whether the user MAT or user boot MAT is selected.

Initial
Bit Bit Name Value R/W Description
7 MS7 0/1* R/W MAT Select
6 MS6 0 . R/W These bits are in the user-MAT selection state when the
5 MS5 071+ R/W value other than H'AA is written and in the user-boot-
4 MS4 0 R/W MAT selection state when H'AA is written. The MAT is
3 MS3 071 R/W switched by writing the value to FMATS. When the MAT
2 MS2 0 R/W is switched, follow section 20.6, Switching between User
1 MS1 o/ R/W MAT and User Boot MAT. (The user boot MAT cannot
0 MSO 0 R/W

be programmed in user program mode if user boot MAT
is selected by FMATS. The user boot MAT must be
programmed in boot mode or in programmer mode.)

H'AA: The user boot MAT is selected (in user-MAT
selection state when the value of these bits are
other than H'AA)

Initial value when these bits are initiated in user
boot mode.

H'00: Initial value when these bits are initiated in a mode
except for user boot mode (in user-MAT selection
state)

[Programmable condition]
¢ During the execution state in the on-chip RAM

Note: * Setto 1in user boot mode; otherwise cleared to 0.
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(6) Flash Transfer Destination Address Register (FTDAR)

FTDAR specifies the on-chip RAM address which is download destination of an on-chip program.
This register must be set before setting the SCO bit in FCCS to 1.

Initial
Bit Bit Name Value

R/W

Description

7 TDER

0

R/W

Transfer Destination Address Setting Error

This bit is set to 1 when the address specified by bits
TDAG to TDAO, which is the start address to download
an on-chip program, is over the range. Whether or not
the range specified by bits TDA6 to TDAO is within the
range of H'00 to H'03 is determined when an on-chip
program is downloaded by setting the SCO bit in FCCS
to 1. Make sure that this bit is cleared to 0 before setting
the SCO bit to 1 and the value specified by bits TDAG6 to
TDAO is within the range of H'00 to H'03.

0: The value specified by bits TDA6 to TDAO is within
the range.

1: The value specified by bits TDA6 to TDAO is over
the range (H'04 to H'FF) and the download is
stopped.

TDAG6
TDA5
TDA4
TDAS3
TDA2
TDA1
TDAO

O=DMNwWwroo

[eNeoNeoNoNeoNoNo]

R/W
R/W
R/W
R/W
R/W
R/W
R/W

Transfer Destination Address

Specify the start address to download an on-chip
program. H'00 to H'03 can be specified as the start
address in the on-chip RAM space.

H'00: H'FF6000 is specified as a start address to
download an on-chip program.

H'01: H'FF7000 is specified as a start address to
download an on-chip program.

H'02: H'FF8000 is specified as a start address to
download an on-chip program.

H'03: H'FF9000 is specified as a start address to
download an on-chip program.

H'04 to H'FF: Setting prohibited. Specifying these
values sets the TDER bit to 1 and stops
the download.
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20.3.2 Programming/Erasing Interface Parameters

The programming/erasing interface parameters specify the operating frequency, storage place for
program data, programming destination address, and erase block and exchange the processing
result for the downloaded on-chip program. These parameters use the general registers of the CPU
(ERO and ER1) or the on-chip RAM area. The initial value is undefined by a reset or in hardware
standby mode.

When download, initialization, or on-chip program is executed, registers of the CPU except for
ROL are stored. The return value of the processing result is written to ROL. Since the stack area is
used for storing the registers except for ROL, the stack area must be saved at the processing start.
(A maximum size of stack area to be used is 128 bytes.)

The programming/erasing interface parameters are used in the following four items.

1. Download control

2. Initialization before programming or erasing
3. Programming

4. Erasing

These items use different parameters. The correspondence table is shown in table 20.4.

A result of initialization, programming, or erasure processing is returned to the FPFR parameters.
However, the meaning of bits in FPFR varies in each processing. For details, see descriptions of
FPFR for each processing.
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Table 20.4 Parameters and Target Modes

Name of Abbrevia- Down- Initializa- Program- Initial Alloca-
Parameter tion load tion ming Erasure R/W  Value tion
Download DPFR O — - — R/W  Undefined  On-chip
pass/fail result RAM:
Flash pass/fail FPFR — O ©) O R/W  Undefined  ROL of
result CPU
Flash FPEFEQ — @) — — R/W  Undefined ERO of
programming/ CPU
erasing frequency

control

Flash multi- FMPAR — — O — R/W  Undefined ER1 of
purpose address CPU
area

Flash multi- FMPDR — — O — R/W  Undefined ERO of
purpose data CPU
destination area

Flash erase block FEBS — — — O R/W  Undefined  ROL of
select CPU

Note: * A single byte of the start address to download an on-chip program, which is specified by
FTDAR

(1) Download Control

The on-chip program is automatically downloaded by setting the SCO bit to 1. The on-chip RAM
area to be downloaded is the 2-kbyte area starting from the address specified by FTDAR.

Download control is set by the programming/erasing interface registers, and DPFR indicates the
return value.

(a) Download Pass/Fail Result Parameter (DPFR: Single Byte of On-Chip RAM Start Address
Specified by FTDAR)

DPFR indicates the return value of the download result. The value of this parameter can be used to
determine if downloading is executed or not. Since the confirmation whether the SCO bit is set to
1 is difficult, the certain determination must be performed by setting the single byte of the start
address specified by FTDAR to the value other than the return value of download (for example,
H'FF) before the download start (before setting the SCO bit to 1).
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Initial
Bit Bit Name Value R/W Description
7t03 — — — Unused
Return 0.
2 SS — R/W Source Select Error Detect

Only one type of the on-chip program which can be
downloaded can be specified. When more than two
types of programs are selected, the program is not
selected, or the program is selected without being
mapped, an error occurs.

0: Download program can be selected normally

1: Download error occurred (multiple selection or
program which is not mapped is selected)

1 FK — R/W Flash Key Register Error Detect

Returns the check result whether the value of FKEY is
set to H'A5.

0: FKEY setting is normal (FKEY = H'A5)

1: Setting value of FKEY becomes error (FKEY = value
other than H'A5)

0 SF — R/W Success/Falil

Returns the result whether download is ended normally
or not. The determination result whether program that is
downloaded to the on-chip RAM is read back and then
transferred to the on-chip RAM is returned.

0: Downloading on-chip program is ended normally (no
error)

1: Downloading on-chip program is ended abnormally
(error occurs)

(2) Programming/Erasing Initialization
The on-chip programming/erasing program to be downloaded includes the initialization program.

The specified period pulse must be applied when programming or erasing. The specified pulse
width is made by the method in which wait loop is configured by the CPU instruction. The
operating frequency of the CPU must be set.

The initialization program is set as a parameter of the programming/erasing program which has
downloaded these settings.
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(a) Flash Program/Erase Frequency Parameter (FPEFEQ: General Register ERO of CPU)

FPEFEQ sets the operating frequency of the CPU. The settable range of the operating frequency in
this LST is 5 to 20 MHz.

Initial
Bit Bit Name Value R/W Description
31t016 — — — Unused
These bits should be cleared to 0.
15to0 F15to FO — R/W Frequency Set

Set the operating frequency of the CPU. With the PLL

multiplication function, set the frequency multiplied. The

setting value must be calculated as the following

methods.

e The operating frequency which is shown in MHz units
must be rounded a number to three decimal places
and be shown in a number of two decimal places.

e The value multiplied by 100 is converted to the binary
digit and is written to FPEFEQ (general register
ERO).

For example, when the operating frequency of the CPU

is 20.000 MHz, the value is as follows.

e The number to three decimal places of 20.000 is
rounded and the value is thus 20.00.

e The formula that 20.00 x 100 = 2000 is converted to
the binary digit and B'0000, B'0111, B'1101, and
B'0000 (H'07D0) are set to ERO.

(b) Flash Pass/Fail Parameter (FPFR: General Register ROL of CPU)

FPFR indicates the return value of the initialization result.
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Bit

Initial
Bit Name Value R/W Description

7t02 — — — Unused

Return 0.

FQ — R/W Frequency Error Detect

Returns the check result whether the specified operating
frequency of the CPU is in the range of the supported
operating frequency.

0: Setting of operating frequency is normal
1: Setting of operating frequency is abnormal

SF — R/W Success/Falil
Indicates whether initialization is completed normally.
0: Initialization is ended normally (no error)
1: Initialization is ended abnormally (error occurs)

3

Programming Execution

When flash memory is programmed, the programming destination address on the user MAT and
program data must be transferred to the downloaded programming program.

L.

The start address of the programming destination in the user MAT must be set to the general
register ER1. This parameter is called the flash multipurpose address area parameter
(FMPAR).

Since program data is always in 128 bytes, the lower eight bits (A7 to AQ) must be H'00 or
H'80 as the boundary of the programming start address in the user MAT.

The program data for the user MAT must be prepared in the consecutive area. The program
data must be in the consecutive space which can be accessed by using the MOV.B instruction
of the CPU and in other than the flash memory space.

When data to be programmed is less than 128 bytes, the 128-byte program data must be
prepared by filling with the dummy code H'FF.

The start address of the area in which the prepared program data is stored must be set to the
general register ERO. This parameter is called the flash multipurpose data destination area
parameter (FMPDR).

For details on the program processing procedure, see section 20.4.2, User Program Mode.
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(a) Flash Multipurpose Address Area Parameter (FMPAR: General Register ER1 of CPU)
FMPAR sets the start address of the programming destination in the user MAT.
When the address in the area other than the flash memory space is set, an error occurs.

The start address of the programming destination must be at the 128-byte boundary. If this
boundary condition is not satisfied, an error occurs. The error occurrence is indicated by the WA
bit (bit 1) in FPFR.

Initial
Bit Bit Name Value R/W Description
31to0 MOAS31to — R/W Store the start address of the programming destination
MOAO in the user MAT. The consecutive 128-byte programming

is executed starting from the specified start address of
the user MAT. Therefore, the specified programming
start address becomes a 128-byte boundary and bits
MOAG6 to MOAOQ are always 0.

(b) Flash Multipurpose Data Destination Parameter (FMPDR: General Register ERO of CPU):

FMPDR sets the start address in the area which stores the data to be programmed to the user
MAT. When the storage destination of the program data is in flash memory, an error occurs. The
error occurrence is indicated by the WD bit in FPFR.

Initial
Bit Bit Name Value R/W Description
31to0 MOD31to — R/W Store the start address of the area which stores the
MODO program data for the user MAT. The consecutive 128-

byte data is programmed to the user MAT starting from
the specified start address.
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(c) Flash Pass/Fail Parameter (FPFR: General Register ROL of CPU)

FPFR indicates the return value of the program processing result.

Initial
Bit Bit Name Value R/W

Description

7 _ — _

Unused

Returns 0.

6 MD — R/W

Error Detect for Programming Mode Related Setting

Returns the check result that a high level signal is input
to the FWE pin and the error protection state is not
entered. When the low level signal is input to the FWE
pin or the error protection state is entered, 1 is written to
this bit. The state can be confirmed with the FWE and
FLER bits in FCCS. For conditions to enter the error
protection state, see section 20.5.3, Error Protection.

0: FWE and FLER settings are normal (FWE =1,
FLER = 0)

1: Programming cannot be performed (FWE = 0 or
FLER = 1)

5 EE — R/W

Error Detect During Programming Execution

1 is returned to this bit when the specified data could not
be written because the user MAT was not erased. If this
bit is set to 1, there is a high possibility that the user
MAT is partially reprogrammed. In this case, after
removing the error source, erase the user MAT.

If FMATS is set to H'AA and the user boot MAT is
selected, an error occurs when programming is
performed. In this case, both the user MAT and user
boot MAT are not reprogrammed. Programming of the
user boot MAT should be performed in boot mode or
programmer mode.

0: Programming has ended normally

1: Programming has ended abnormally and
programming result is not guaranteed

Error Detect for Flash Key Register

Returns the check result of the value of FKEY before the
start of the programming processing.

0: FKEY setting is normal (FKEY = H'5A)
1: FKEY setting error (FKEY = value other than H'5A)
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Bit Bit Name Value

Initial

R/W

Description

3 —

Unused
Returns 0.

2 WD

R/W

Program Data Address Detect

When the address in the flash memory area is specified
as the start address of the storage destination of the
program data, an error occurs.

0: Setting of program data address is normal
1: Setting of program data address is abnormal

R/W

Program Address Error Detect

When the following items are specified as the start

address of the programming destination, an error occurs.

¢ When the programming destination address in the
area other than flash memory is specified

¢ When the specified address is not in a 128-byte
boundary (The lower eight bits of the address are
other than H'00 and H'80.)

0: Setting of programming destination address is normal

1: Setting of programming destination address is
abnormal

R/W

Success/Fail

Indicates whether the program processing is ended
normally or not.

0: Programming is ended normally (no error)
1: Programming is ended abnormally (error occurs)
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(4) Erasure Execution

When flash memory is erased, the erase-block number in the user MAT must be transferred to the
erasing program which is downloaded. This is set to FEBS (general register ERO).

One block is specified from the block number O to 11.
For details on the erasing processing procedure, see section 20.4.2, User Program Mode.
(a) Flash Erase Block Select Parameter (FEBS: General Register ERO of CPU)

FEBS specifies the erase-block number. The several block numbers cannot be specified.

Initial
Bit Bit Name Value R/W Description
31t012 — — — Unused

These bits should be cleared to 0.

11 EB11 — R/W Erase Block
10 EB10 o R/W Set the erase-block number in the range from0to 11.0
9 EB9 o R/W corresponds to the EBO block and 11 corresponds to the
8 EB8 T R/W EB11 block. An error occurs when the number other
7 EB7 - R/W than O to 11 is set.
6 EB6 — R/W
5 EB5 — R/W
4 EB4 — R/W
3 EB3 — R/W
2 EB2 — R/W
1 EB1 — R/W
0 EBO — R/W
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(b) Flash Pass/Fail Parameter (FPFR: General Register ROL of CPU)
FPFR indicates a return value of the erasing processing result.

Initial
Bit Bit Name Value R/W Description

7 — — — Unused
Returns 0.

6 MD — R/W Error Detect for Erasing Mode Related Setting

Returns the check result that a high level signal is input
to the FWE pin and the error protection state is not
entered. When the low level signal is input to the FWE
pin or the error protection state is entered, 1 is written to
this bit. The state can be confirmed with the FWE and
FLER bits in FCCS. For conditions to enter the error
protection state, see section 20.5.3, Error Protection.

0: FWE and FLER settings are normal (FWE =1,
FLER = 0)

1: Erasing cannot be performed (FWE = 0 or FLER =
1)

5 EE — R/W Erasure Execution Error Detect

1 is returned to this bit when the user MAT could not be
erased or when flash-memory related register settings
are partially changed. If this bit is set to 1, there is a high
possibility that the user MAT is partially erased. In this
case, after removing the error source, erase the user
MAT. If FMATS is set to H'AA and the user boot MAT is
selected, an error occurs when erasure is performed. In
this case, both the user MAT and user boot MAT are not
erased. Erasing of the user boot MAT should be
performed in boot mode or programmer mode.

4 FK — R/W Error Detect for Flash Key Register

Returns the check result of FKEY value before start of
the erasing processing.

0: FKEY setting is normal (FKEY = H'5A)
1: FKEY setting error (FKEY = value other than H'5A)

3 EB — R/W Error Detect for Erase Block Select

Returns the check result whether the specified erase-
block number is in the block range of the user MAT.

0: Setting of erase-block number is normal
1: Setting of erase-block number is abnormal
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Initial
Bit Bit Name Value R/W Description
2,1 — — — Unused
Return 0.
0 SF — R/W Success/Fail

Indicates whether the erasing processing is ended
normally or not.

0: Erasure is ended normally (no error)
1: Erasure is ended abnormally (error occurs)

204 On-Board Programming Mode

When the pin is set in on-board programming mode and the reset start is executed, the on-board
programming state that can program/erase the on-chip flash memory is entered. On-board
programming mode has three operating modes: boot mode, user program mode, and user boot
mode.

For details on the pin setting for entering each mode, see table 20.5. For details on the state
transition of each mode for flash memory, see figure 20.2.

Table 20.5 Setting On-Board Programming Mode

Mode Setting FWE MD2 MD1 MDO
Boot mode 1 0 0 ]
User program mode 1% 1 1 1
User boot mode 1 1 0 ]

Note: * Before downloading the programming/erasing programs, the FLSHE bit must be set to
1 to make a transition to user program mode.

20.4.1 Boot Mode

Boot mode executes programming/erasing the user MAT and user boot MAT by the method for
transmitting control command and program data from the host using the on-chip SCI. The tool for
transmitting the control command and program data must be prepared in the host. SCI
communication mode is set to asynchronous mode. When a reset start is executed after this LSI’s
pin is set in boot mode, the boot program in the microcomputer is initiated. After the SCI bit rate
is automatically adjusted, the communication with the host is executed by means of the control
command method.
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The system configuration diagram in boot mode is shown in figure 20.6. For details on the pin
setting in boot mode, see table 20.5. The NMI and other interrupts are ignored in boot mode.
However, the NMI and other interrupts should be disabled in the system.

This LSI

Control command,
analysis execution [
software (on-chip)

Flash
memory

Host

Boot v 1

Control command, program data

programming [
tool and program RxD1 . N .
data On-chip SCI_1[”]On-chip RAM

TxD1

Reply response

Figure 20.6 System Configuration in Boot Mode

(1) SCI Interface Setting by Host

When boot mode is initiated, this LSI measures the low period of asynchronous SCI-communica-
tion data (H'00), which is transmitted consecutively by the host. The SCI transmit/receive format
should be set to 8-bit data, 1 stop bit, and no parity. This LSI calculates the bit rate which is
transmitted by the host according to the measured low period and transmits the bit adjustment end
sign (1 byte of H'00) to the host. The host must confirm that this bit adjustment end sign (H'00)
has been received normally and transmit 1 byte of H'S5 to this LSI. When reception is not
performed normally, boot mode is initiated again (reset) and the operation described above must
be executed. The bit rates of the host and this LSI do not match according to the bit rate
transmitted by the host and system clock frequency of this LSI. To operate the SCI normally, the
transfer bit rate of the host must be set to 4,800 bps, 9,600 bps, or 19,200 bps.

The system clock frequency, which can automatically adjust the transfer bit rate of the host and
the bit rate of this LSI, is shown in table 20.6. Boot mode must be initiated in the range of this
system clock.

Start Stop bit
iar DO D1 D2 D3 D4 D5 D6 D7 op ot
2
Measure low period (9 bits) (data is H'00) High period of
at least 1 bit

Figure 20.7 Automatic-Bit-Rate Adjustment Operation of SCI
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Table 20.6 System Clock Frequency for Automatic-Bit-Rate Adjustment

Bit Rate of Host System Clock Frequency which can Automatically Adjust Bit Rate of
this LSI

4,800 bps 5to0 20 MHz

9,600 bps 5to 20 MHz

19,200 bps 5to 20 MHz

(2) State Transition Diagram

The overview of the state transition diagram after boot mode is initiated is shown in figure 20.8.

1. Bit rate adjustment
After boot mode is initiated, the bit rate of the SCI interface is adjusted with that of the host.
2. Waiting for inquiry set command

For inquiries about the user-MAT size and configuration, MAT start address, and support state,
the required information is transmitted to the host.

3. Automatic erasure of all user MAT and user boot MAT
After inquiries have finished, all user MAT and user boot MAT are automatically erased.

4. Waiting for programming/erasing command

e When the program preparation notice is received, the state for waiting program data is entered.
The programming start address and program data must be transmitted following the
programming command. When programming is finished, the programming start address must
be set to HFFFFFFFF and transmitted. Then the state for waiting program data is returned to
the state for waiting programming/erasing command.

e When the erasure preparation notice is received, the state for waiting erase-block data is
entered. The erase-block number must be transmitted following the erasing command. When
the erasure is finished, the erase-block number must be set to H'FF and transmitted. Then the
state for waiting erase-block data is returned to the state for waiting programming/erasing
command. The erasure must be used when the specified block is programmed without a reset
start after programming is executed in boot mode. When programming can be executed by
only one operation, all blocks are erased before the state for waiting
programming/erasing/other command is entered. Thus the erasing operation is not required.

e There are many commands other than programming/erasing: sum check, blank check (erasure
check), and memory read of the user MAT/user boot MAT and acquisition of current status
information.

Note that memory read of the user MAT/user boot MAT is only applied to data programmed after
all user MAT/user boot MAT has been automatically erased.
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(Bit rate adjustment)

H'00, ..., H'OO r

eception

H'00 transmission
(adjustment completed),

Boot mode initiation
(reset by boot mode)

Wait for inquiry
setting command

Inquiry command reception

Inquiry command response

Bit rate adjustment

Processing of
inquiry setting
command

All user MAT and

3. user boot MAT erasure

Read/check command

Wait for reception Processing of
4 programming/erasing read/check command
- command Command response

A

(Erasure completed)
(Program completed)

(Program selection
command reception)

Wait for program data

(Erasure selection command reception)

(Erase-block specification)

Wait for erase-block
data

(Program data transmission)

Figure 20.8 Overview of State

Transition Diagram in Boot Mode
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20.4.2  User Program Mode

The user MAT can be programmed/erased in user program mode. (The user boot MAT cannot be
programmed/erased.)

Programming/erasing is executed by downloading the program in the microcomputer.
The overview of programming/erasing flow is shown in figure 20.9.

High voltage is applied to the internal flash memory during programming/erasing processing.
Therefore, a transition to a reset or hardware standby must not be made during
programming/erasing processing. Doing so may damage or destroy flash memory. If a reset is
executed accidentally, a reset must be released after the reset input period of 100 ps which is
longer than normal.

(Programming/erasing 1. Make sure that program data will not overlap the download
start destination specified by FTDAR.

When programming, 2. The FWE bit is set to 1 by inputting a high level signal to the FWE
program data is prepared pin.
Programming/erasing 3. Programming/erasing is executed only in the on-chip RAM.
procedure program is However, if program data is in a consecutive area and can be
transferred to the on-chip accessed by the MOV.B instruction of the CPU like RAM or
RAM and executed ROM, the program data can be in an external space.

(Programming/erasing 4. After programming/erasing is finished, input a low level signal to
end the FWE pin and enter the hardware protection state.

Figure 20.9 Overview of Programming/Erasing Flow
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(1) On-chip RAM Address Map when Programming/Erasing is Executed

Some of the procedure programs that should be created by the user, such as a download request,
programming/erasing procedure, and determination of the result, must be executed in the on-chip
RAM. The on-chip programs to be downloaded are all in the on-chip RAM. Note that area in the

on-chip RAM must be controlled so that these programs do not overlap.

Figure 20.10 shows the program area to be downloaded.

<On-chip RAM>

Area that can be used by user

Area to be
downloaded
(Size : 2 kbytes)

Not available during
programming/erasing
processing period

DPFR
(Return value: 1 byte)

System use area
(15 bytes)

Programming/erasing program entry

Initialization program entry

Initialization + programming program
or
Initialization + erasing program

Area that can be used by user

Address
RAMTOP

FTDAR setting

FTDAR setting + 16

FTDAR setting + 32

FTDAR setting + 2 kbytes
RAMEND

Figure 20.10 RAM Map when Programming/Erasing is Executed
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(2) Programming Procedure in User Program Mode

The procedures for download, initialization, and programming are shown in figure 20.11.

C Start programming

procedure program
|
A Select on-chip program A
to be downloaded and 1 Disable interrupts and bus
specify download . master operation 0.
destination by FTDAR other than CPU
| I
Set FKEY to H'A5 2. Set FKEY to H'5A 10.
Set SCO to 1 and 3 Set parameters to ER1
'g execute download . and ERO 11
k=) | o (FMPAR and FMPDR) .
c c
2 Clear FKEY to 0 4. = —
(=} £ Programming
o = JSR FTDAR setting + 16| 12.
S
o
o 13.
o
Clear FKEY and
Set the FPEFEQ eﬂg%?&gg%g
parameter 6. Required data
g L programming is
'ag Initialization 7 completed? 14.
N JSR FTDAR setting + 32 '
T Yes
=
c | Clear FKEY to 0 | 15.
Y |
Yes |Initia|ization error processingl End programming
v procedure program

Figure 20.11 Programming Procedure

The procedure program must be executed in an area other than the flash memory to be
programmed. Especially the part where the SCO bit in FCCS is set to 1 for downloading must be
executed in the on-chip RAM.

The area that can be executed in each step of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 20.4.4, Storable Area for Procedure Program and
Program Data.

The following description assumes the area to be programmed in the user MAT is erased and
program data is prepared in the consecutive area. When erasing is not executed, erasing should be
executed before programming.
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128-byte programming is performed in one program processing. When more than 128-byte
programming is performed, programming destination address/program data parameter is updated
in 128-byte units and programming is repeated.

When less than 128-byte programming is performed, data size must be128 bytes by adding the
invalid data. If the invalid data to be added is set to H'FF, the program processing period can be
shortened.

1. Select the on-chip program to be downloaded and specify a download destination

When the PPVS bit in FPCS is set to 1, the programming program is selected. Several
programming/erasing programs cannot be selected at one time. If several programs are set,
download is not performed and a download error is returned to the SS bit in DPFR. The start
address of a download destination is specified by FTDAR.

2. Write H'AS5 to FKEY

If H'AS is not written to FKEY for protection, 1 cannot be set to the SCO bit for a download
request.

3. Set 1 to the SCO bit in FCCS and then execute downloading
To set 1 to the SCO bit, the following conditions must be satisfied.
A H'AS is written to FKEY.
B The SCO bit writing is executed in the on-chip RAM.

When the SCO bit is set to 1, download is started automatically. When the user procedure
program is returned, the SCO bit is cleared to 0. Therefore, the SCO bit cannot be confirmed to
be 1 in the user procedure program.
The download result can be confirmed only by the return value of DPFR. Before the SCO bit is
set to 1, incorrect determination must be prevented by setting the one byte of the start address
specified by FTDAR (to be used as DPFR) to a value other than the return value (H'FF).

When download is executed, particular interrupt processing, which is accompanied by the bank
switch as described below, is performed as internal microcomputer processing. Four NOP
instructions should be executed immediately after an instruction that sets the SCO bit to 1.

e The user-MAT space is switched to the on-chip program storage area.

o After the selection condition of the download program and the FTDAR setting are checked, the
transfer processing to the on-chip RAM specified by FTDAR is executed.

e FPCS, FECS, and the SCO bit in FCCS are cleared to 0.
e The return value is set to DPFR.

e After the on-chip program storage area is returned to the user-MAT space, the user procedure
program is returned.

¢ In download processing, the values of general registers of the CPU are retained.
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In download processing, all interrupts are not accepted. However, interrupt requests other than
the NMI are retained. Therefore, when the user procedure program is returned, the interrupts
occur.

When the level-detection interrupt requests need to be retained, interrupts must be input until
the download is ended.

When hardware standby mode is entered during download processing, the normal download
cannot be guaranteed in the on-chip RAM. Therefore, download must be executed again.
Since a stack area of 128 bytes at the maximum is used, the area must be saved before setting
the SCO bit to 1.

. Clear FKEY to H'00 for protection

. Check the value of DPFR to confirm the download result

Check the value of DPFR (one byte of start address of the download destination specified by
FTDAR). If the value is H'00, download has been performed normally. If the value is not H'00,
the source that caused download to fail can be investigated by the description below.

If the value of DPFR is the same as that before downloading (e.g. H'FF), the address setting of
the download destination in FTDAR may be abnormal. In this case, confirm the setting of the
TDER bit in FTDAR.

If the value of DPFR is different from that before downloading, check the SS and FK bits in
DPFR to ensure that the download program selection and FKEY setting were normal,
respectively.

. Set the operating frequency to FPEFEQ for initialization

The current frequency of the CPU clock is set to FPEFEQ (general register ERO).
The settable range of FPEFEQ is 5 to 20 MHz. When the frequency is set to out of this range,
an error is returned to FPFR of the initialization program and initialization is not performed.

For details on the frequency setting, see section 20.3.2 (2) (a), Flash Program/Erase Frequency
Parameter (FPEFEQ).

. Execute initialization

When the programming program is downloaded, the initialization program is also downloaded
to the on-chip RAM. There is an entry point of the initialization program in the area from the
start address specified by FTDAR + 32 bytes of the on-chip RAM. The subroutine should be
called and initialization should be executed by using the following steps.

MOV.L #DLTOP+32, ER2 ; Set entry address to ER2
JSR @ER2 ; Call initialization routine
NOP

The general registers other than ROL are retained in the initialization program.
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e ROL is a return value of FPFR.

e Since the stack area is used in the initialization program, 128-byte stack area at the maximum
must be saved in RAM.

e Interrupts can be accepted during the execution of the initialization program. The program
storage area and stack area in the on-chip RAM and register values must not be destroyed.

8. Check the return value in the initialization program, FPFR (general register ROL)
9. Disable all interrupts and the use of a bus master other than the CPU

The specified voltage is applied for the specified time when programming or erasing. If
interrupts occur or the bus mastership is moved to other than the CPU during this time and the
voltage is applied for more than the specified time, flash memory may be damaged. Therefore,
interrupts and bus mastership moved to other than the CPU must be disabled.

When interrupts are disabled, bit 7 (I) in the condition code register (CCR) of the CPU should
be set to B'l in interrupt control mode O or bits 7 and 6 (I and UI) in CCR should be set to B'11
in interrupt control mode 2. Then interrupts other than the NMI are retained and are not
executed.

The NMI interrupt must be masked within the user system.
The interrupts that are retained must be executed after all program processing.
10. Set FKEY to H'SA to enable the user MAT programming.

11. Set the parameter which is required for programming
The start address of the programming destination of the user MAT (FMPAR) is set to the
general register ER1. The start address of the program data area (FMPDR) is set to the general
register ERO.

o Example of the FMPAR setting

FMPAR specifies the programming destination address. When an address other than one in the
user MAT area is specified, even if the programming program is executed, programming is not
executed and an error is returned to the return value parameter FPFR. Since the unit is 128
bytes, the lower eight bits of the address must be H'00 or H'80 as the boundary of 128 bytes.

e Example of the FMPDR setting
When the storage destination of program data is flash memory, even if the program execution
routine is executed, programming is not executed and an error is returned to FPFR. In this
case, the program data must be transferred to the on-chip RAM and then programming must be
executed.
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12. Execute programming

There is an entry point of the programming program in the area from the start address specified
by FTDAR + 16 bytes of the on-chip RAM. The subroutine should be called and programming
should be executed by using the following steps.

MOV.L #DLTOP+16,ER2 ; Set entry address to ER2
JSR @ER2 ; Call programming routine
NOP

e The general registers other than ROL are retained in the programming program.
e ROL is a return value of FPFR.

o Since the stack area is used in the programming program, a stack area of 128 bytes at the
maximum must be saved in RAM.

13. Check the return value in the programming program, FPFR (general register ROL)
14. Determine whether programming of the necessary data has finished

If more than 128 bytes of data needs to be programmed, specify FMPAR and FMPDR in 128-
byte units, and repeat steps 12 to 14. Increment the programming destination address by 128
bytes and update the programming data pointer correctly. If an address which has already been
programmed is programmed again, not only will a programming error occur, but also flash
memory will be damaged.

15. After programming is finished, clear FKEY and specify software protection

If this LSI is restarted by a reset immediately after user MAT programming has finished,
secure the reset period (period of RES = 0) of 100 ps which is longer than normal.
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(3) Erasing Procedure in User Program Mode

The procedures for download, initialization, and erasing are shown in figure 20.12.

Start erasing procedure
program
A Select on-chip program

to be downloaded and
specify download A Disable interrupts and
destination by FTDAR | 1. busomf‘;;‘r’]”gggm
I i
| Set FKEY to H'A5 | Set FKEY to H'5A
|  —
g Set SCO to 1 and
o execute download Set FEBS parameter 2.
c
s | [
Erasing
o Clear FKEY 10 0 o SR FTDAR setting + 16| -
k7]
o
L
Clear FKEY and erasing
* error processing
Set tg?a'r:]f’::rEQ Required block
P erasing is
s | completed? 5.
= Initialization
. Yes
8| | ISR FTDAR setting + 32
< | Clear FKEY to 0 | 6.
=
€ v T
[ End erasing
YeSI Initialization error processing I procedure program

Figure 20.12 Erasing Procedure
The procedure program must be executed in an area other than the user MAT to be erased.

Especially the part where the SCO bit in FCCS is set to 1 for downloading must be executed in the
on-chip RAM.

The area that can be executed in each step of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 20.4.4, Storable Area for Procedure Program and
Program Data.

For the area of the on-chip program to be downloaded, see the RAM map for
programming/erasing in figure 20.10.
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A single divided block is erased in one erasing processing. For block divisions, see figure 20.4. To
erase two or more blocks, update the erase block number and perform the erasing processing for
each block.

L.

Select the on-chip program to be downloaded

Set the EPVB bit in FECS to 1.

Several programming/erasing programs cannot be selected at one time. If several programs are
set, download is not performed and a download error is returned to the SS bit in DPFR.
Specify the start address of a download destination by FTDAR.

The procedures to be carried out after setting FKEY, e.g. download and initialization, are the
same as those in the programming procedure. For details, see section 20.4.2 (2), Programming
Procedure in User Program Mode.

The procedures after setting parameters for erasing programs are as follows:

Set FEBS necessary for erasure

Set the erase block number of the user MAT to the flash erase block select parameter FEBS
(general register ERO). If a value other than an erase block number of the user MAT is set, no
block is erased even though the erasing program is executed, and an error is returned to the
return value parameter FPFR.

Execute erasing

Similar to as in programming, there is an entry point of the erasing program in the area from
the start address of a download destination specified by FTDAR + 16 bytes of on-chip RAM.
The subroutine should be called and erasing should be executed by using the following steps.

MOV.L #DLTOP+16,ER2 ; Set entry address to ER2
JSR @ER2 ; Call erasing routine
NOP

* The general registers other than ROL are retained in the erasing program.
¢ ROL is a return value of FPFR.

* Since the stack area is used in the erasing program, a stack area of 128 bytes at the
maximum must be saved in RAM.

Check the return value in the erasing program, FPFR (general register ROL)

Determine whether erasure of the necessary blocks has completed

If several blocks need to be erased, update FEBS and repeat steps 2 to 5. Blocks that have
already been erased can be erased again.
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6. After erasure completes, clear FKEY and specify software protection

If this LSI is restarted by a reset immediately after user MAT erasure has completed, secure
the reset period (period of RES = 0) of at least 100 pus which is longer than normal.

(4) Erasing and Programming Procedure in User Program Mode

By changing the on-chip RAM address of the download destination in FTDAR, the erasing
program and programming program can be downloaded to separate on-chip RAM areas.

Figure 20.13 shows a repeating procedure of erasing and programming.

CStart procedure program)
|

A Specify a download
% destination of erasing
5% program by FTDAR
=) I

c A
g) % Download erasing program g’ Erase relevant block
] T IS (execute erasing program)
8 S
w Initialize erasing program o Set FMPDR to
* g” program relevant block
| E (execute programming
Specify a download > program)
destination of programming < |
7]
program v FTDAR c Confirm operation

£ | Wy P
© Download programming
=]
g program
Q @
g)% Initialize programming "
=] rogram (o]
g2 prog
% S Yes
o) [ End procedure program ]
&

<

Figure 20.13 Repeating Procedure of Erasing and Programming
In the above procedure, download and initialization are performed only once at the beginning.
In this kind of operation, note the following:

e Be careful not to damage on-chip RAM with overlapped settings.
In addition to the erasing program area and programming program area, areas for the user
procedure programs, work area, and stack area are reserved in on-chip RAM. Do not make
settings that will overwrite data in these areas.
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e Be sure to initialize both the erasing program and programming program.

Initialization by setting FPEFEQ must be performed for both the erasing program and the
programming program. Initialization must be executed for both entry addresses: (download
start address for erasing program) + 32 bytes and (download start address for programming
program) + 32 bytes.

20.4.3 User Boot Mode

This LSI has user boot mode which is initiated with different mode pin settings from those in boot
mode or user program mode. User boot mode is a user-arbitrary boot mode, unlike boot mode that
uses the on-chip SCIL.

Only the user MAT can be programmed/erased in user boot mode. Programming/erasing of the
user boot MAT should be performed only in boot mode or programmer mode.

(1) User Boot Mode Initiation

For the mode pin settings to start up user boot mode, see table 20.5.

When the reset start is executed in user boot mode, the built-in check routine runs. The user MAT
and user boot MAT states are checked by this check routine.

While the check routine is running, NMI and all other interrupts cannot be accepted.

Next, processing starts from the execution start address of the reset vector in the user boot MAT.
At this point, H'AA is set to FMATS because the execution MAT is the user boot MAT.

(2) User MAT Programming in User Boot Mode

For programming the user MAT in user boot mode, additional processing made by setting FMATS
is required: switching from user-boot-MAT selection state to user-MAT selection state, and
switching back to user-boot-MAT selection state after programming completes.

Figure 20.14 shows the procedure for programming the user MAT in user boot mode.
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Start programming
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g % | Clear FKEY to 0 | 3 ER1 (FMPAR and FMPDR)
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:: Yes [Download error processing] O % s
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E. | Set the FPEFEQ | < g’ Yes| Clear FKEY and programming
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and bus master operation

other than CPU %H

v User-boot-MAT

selection state Note:* The MAT must be switched by FMATS
to perform the programming error
processing in the user boot MAT.

End programming
procedure program

Figure 20.14 Procedure for Programming User MAT in User Boot Mode

The difference between the programming procedures in user program mode and user boot mode is
whether the MAT is switched or not as shown in figure 20.14.

In user boot mode, the user boot MAT can be seen in the flash memory space with the user MAT
hidden in the background. The user MAT and user boot MAT are switched only while the user
MAT is being programmed. Because the user boot MAT is hidden while the user MAT is being
programmed, the procedure program must be located in an area other than flash memory. After
programming completes, switch the MATSs again to return to the first state.

MAT switching is enabled by writing a specific value to FMATS. However, note that while the
MATs are being switched, the LSI is in an unstable state, e.g. access to a MAT is not allowed until
MAT switching is completed, and if an interrupt occurs, from which MAT the interrupt vector is
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read is undetermined. Perform MAT switching in accordance with the description in section 20.6,
Switching between User MAT and User Boot MAT.

Except for MAT switching, the programming procedure is the same as that in user program mode.

The area that can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 20.4.4, Storable Area for Procedure Program and
Program Data.

(3) User MAT Erasing in User Boot Mode

For erasing the user MAT in user boot mode, additional processing made by setting FMATS is
required: switching from user-boot-MAT selection state to user-MAT selection state, and
switching back to user-boot-MAT selection state after erasing completes.

Figure 20.15 shows the procedure for erasing the user MAT in user boot mode.
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Figure 20.15 Procedure for Erasing User MAT in User Boot Mode

The difference between the erasing procedures in user program mode and user boot mode depends
on whether the MAT is switched or not as shown in figure 20.15.

MAT switching is enabled by writing a specific value to FMATS. However, note that while the
MATs are being switched, the LSI is in an unstable state, e.g. access to a MAT is not allowed until
MAT switching is completed, and if an interrupt occurs, from which MAT the interrupt vector is
read is undetermined. Perform MAT switching in accordance with the description in section 20.6,
Switching between User MAT and User Boot MAT.

Except for MAT switching, the erasing procedure is the same as that in user program mode.
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The area that can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 20.4.4, Storable Area for Procedure Program and
Program Data.

20.4.4  Storable Area for Procedure Program and Program Data

In the descriptions in the previous section, storable areas for the programming/erasing procedure
programs and program data are assumed to be in the on-chip RAM. However, storable areas can
be placed in other areas, such as part of flash memory which is not to be programmed or erased, or
somewhere in the external address space by using the following conditions.

(1) Conditions that Apply to Programming/Erasing

1. The on-chip programming/erasing program is downloaded from the address in the on-chip
RAM specified by FTDAR, therefore, this area is not available for use.

2. The on-chip programming/erasing program will use 128 bytes at the maximum as a stack. So,
make sure that this area is secured.

3. Download by setting the SCO bit to 1 will lead to switching of the MAT. If, therefore, this
operation is used, it should be executed from the on-chip RAM.

4. The flash memory is accessible until the start of programming or erasing, that is, until the
result of downloading has been determined. When in a mode in which the external address
space is not accessible, such as single-chip mode, the required procedure programs, NMI
handling vector, and NMI handler should be transferred to the on-chip RAM before
programming/erasing of the flash memory starts.

5. The flash memory is not accessible during programming/erasing operations, therefore, the
operation program downloaded to the on-chip RAM is executed. The NMI-handling vector and
processing programs such as that which activate the operation program, and NMI handler
should thus be stored in on-chip RAM other than flash memory or the external bus space.

6. After programming/erasing, an access to the flash memory is prohibited until FKEY is cleared.

The reset period (RES = 0) must be in place for more than 100 us when the LSI mode is
changed to reset on completion of a programming/erasing operation.

Transitions to the reset state, and hardware standby mode are prohibited during
programming/erasing. When the reset signal is accidentally input to the chip, a longer period in
the reset state than usual (100 ps) is needed before the reset signal is released.

7. Switching of the MATs by FMATS should be needed when programming/erasing of the user
MAT is operated in user boot mode. The program which switches the MATSs should be
executed in the on-chip RAM. See section 20.6, Switching between User MAT and User Boot
MAT. Please make sure you know which MAT is selected when switching between them.

8. When the data storable area indicated by programming parameter FMPDR is within the flash
memory area, an error will occur even when the data stored is normal. Therefore, the data
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should be transferred to the on-chip RAM to place the address indicated by FMPDR in an area
other than the flash memory.

In consideration of these conditions, there are three sources; operating mode, the bank structure of
the user MAT, and operations.

The areas in which the programming data can be stored for execution are shown in tables.
Table 20.7 Executable MAT

Initiated Mode

Operation User Program Mode User Boot Mode*
Programming Table 20.8 (1) Table 20.8 (3)
Erasing Table 20.8 (2) Table 20.8 (4)

Note: * Programming/Erasing is possible to user MATs.
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Table 20.8 (1) Usable Area for Programming in User Program Mode

Storable/Executable Area Selected MAT
External
Space Embedded
On-chip User (Extended Program
ltem RAM MAT Mode) User MAT  Storage MAT
Storage area for O x# O — —
program data
Operation for selection O O O (@)
of on-chip program to
be downloaded
Operation for writing O (@] O O
H'A5 to FKEY
Execution of writing O x x O
SCO =1in FCCS
(download)
Operation for FKEY (@] O O @)
clear
Determination of O O O O
download result
Operation for download O @) (@] O
error
Operation for settings O o O O
of initialization
parameter
Execution of O x x @)
initialization
Determination of O O @) @)
initialization result
Operation for (@] O O @)
initialization error
NMI handling routine O x O @)
Operation for disabling O o O O
interrupt
Operation for writing O @) (@] O
H'5A to FKEY
Operation for settings O x O O

of program parameter
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Storable/Executable Area Selected MAT
External
Space Embedded
(Extended Program
Item On-chip RAM User MAT Mode) User MAT Storage MAT
Execution of O X X O
programming
Determination of O X @] @]
program result
Operation for O x O O
program error
Operation for FKEY O x O O
clear

Note: * Transferring the data to the on-chip RAM enables this area to be used.
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Table 20.8 (2) Usable Area for Erasure in User Program Mode

Storable/Executable Area Selected MAT
External
Space Embedded
User (Extended Program
Item On-chip RAM MAT Mode) User MAT Storage MAT
Operation for O (@] (@] O
selection of on-chip
program to be
downloaded
Operation for writing O O O O
H'A5 to FKEY
Execution of writing O x x O
SCO =1in FCCS
(download)
Operation for FKEY O O O @)
clear
Determination of O (@] @) @)
download result
Operation for (@] O O @)
download error
Operation for settings O O (@] O
of initialization
parameter
Execution of O x x @)
initialization
Determination of O (@] O O
initialization result
Operation for O (@] (@] O
initialization error
NMI handling routine O x O O
Operation for O (@] (@] O
disabling interrupt
Operation for writing O O O O
H'5A to FKEY
Operation for settings O x O O
of erasure parameter
Execution of erasure O x x O
Determination of O x O O

erasure result
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Storable/Executable Area Selected MAT
External
Space Embedded
User (Extended Program

ltem On-chip RAM MAT Mode) User MAT Storage MAT
Operation for erasure O X O O
error
Operation for FKEY O x (@] (@]

clear
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Table 20.8 (3) Usable Area for Programming in User Boot Mode

Storable/Executable Area

Selected MAT

External Embedded
Space Program
On-chip User Boot (Expanded User Boot Storage

Item RAM MAT Mode) User MAT MAT MAT

Storage area for O x#! (@) — — —

program data

Operation for (@] O O @)

selection of on-chip

program to be

downloaded

Operation for writing O o o (@)

H'A5 to FKEY

Execution of writing O x x O

SCO =1in FCCS

(download)

Operation for FKEY O @) O O

clear

Determination of (@] O O @)

download result

Operation for O O O O

download error

Operation for settings O ©) o O

of initialization

parameter

Execution of (@] x x O

initialization

Determination of O ©) O O

initialization result

Operation for (@] O O O

initialization error

NMI handling routine O x ©) O

Operation for (@] O O O

disabling interrupt

Switching MATsby O x x O

FMATS

Operation for writing O x (@] (@]

H'5A to FKEY

RENESAS
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Storable/Executable Area Selected MAT
External Embedded
Space Program
On-chip User Boot (Extended User Boot Storage

ltem RAM MAT Mode) User MAT MAT MAT

Operation for O x O O

settings of program

parameter

Execution of O x x O

programming

Determination of O X O @]

program result

Operation for O x*? O O

program error

Operation for FKEY O x O O

clear

Switching MATs by O x x O

FMATS

Notes: 1. Transferring the data to the on-chip RAM enables this area to be used.
2. Switching FMATS in the on-chip RAM enables this area to be used.
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Table 20.8 (4) Usable Area for Erasure in User Boot Mode

Storable/Executable Area Selected MAT
External Embedded
Space Program
On-chip User Boot (Extended User Boot Storage
ltem RAM MAT Mode) User MAT MAT MAT
Operation for @) (@] O O
selection of on-chip
program to be
downloaded
Operation for writing O O O O
H'A5 to FKEY
Execution of writing O x x (@)
SCO =1in FCCS
(download)
Operation for FKEY O O O @)
clear
Determination of ©) O O @)
download result
Operation for O O O @)
download error
Operation for @) (@] O O
settings of
initialization
parameter
Execution of ©) x X @)
initialization
Determination of O O O @)
initialization result
Operation for ©) @) O @)
initialization error
NMI handling (@] x (@] O
routine
Operation for O O O @)
disabling interrupt
Switching MATs by O x x O
FMATS
Operation for writing O x (@] O

H'5A to FKEY
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Storable/Executable Area Selected MAT
User Boot External User Boot Embedded

On-chip MAT Space User MAT MAT Program

Item RAM (Extended Storage
Mode) MAT

Operation for O x O O
settings of erasure
parameter
Execution of erasure O x x @)
Determination of O X O O
erasure result
Operation for O ok O O
erasure error
Operation for FKEY O x O (@]
clear
Switching MATs by O x x O
FMATS

Note: * Switching FMATS in the on-chip RAM enables this area to be used.
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20.5 Protection

There are three kinds of flash memory program/erase protection: hardware, software, and error
protection.

20.5.1 Hardware Protection

Programming and erasing of flash memory is forcibly disabled or suspended by hardware
protection. In this state, the downloading of an on-chip program and initialization are possible.
However, an activated program for programming or erasure cannot program or erase the user
MAT, and the error in programming/erasing is reported in the parameter FPFR.

Table 20.9 Hardware Protection

Function to be Protected

Item Description Download Program/Erase
FWE pin e When a low level signal is input to the FWE — o
protection pin, the FWE bit in FCCS is cleared and the
program/erase-protected state is entered.
Reset/standby e The program/erase interface registers are o ©)
protection initialized by a reset (including a reset by the

WDT) and in hardware standby mode and
the program/erase-protected state is
entered.

o The reset state will not be entered by a reset
using the RES pin unless the RES pin is held
low until oscillation has stabilized after power
is initially supplied. In the case of a reset
during operation, hold the RES pin low for
the RES pulse width that is specified in the
section on AC characteristics. If a reset is
input during programming or erasure, data
values in the flash memory are not
guaranteed. In this case, execute erasure
and then execute programming again.
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20.5.2  Software Protection

Software protection is set up in any of two ways: by disabling the downloading of on-chip
programs for programming and erasing and by means of a key code.

Table 20.10 Software Protection

Function to be Protected

Item Description Download Program/Erase
Protection by e The program/erase-protected state is entered O )
SCO bit by clearing the SCO bit in FCCS to 0 which

disables the downloading of the
programming/erasing programs.

Protection by e Downloading and programming/erasing are ) )
FKEY disabled unless the required key code is

written in FKEY. Different key codes are used

for downloading and for programming/erasing.

20.5.3 Error Protection

Error protection is a mechanism for forcibly suspended programming or erasure when an error
occurs, in the form of the microcomputer entering runaway during programming/erasing of the
flash memory or operations that are not according to the specified procedures for
programming/erasing. Forcibly suspending programming or erasure in such cases prevents
damage to the flash memory due to excessive programming or erasing.

If the microcomputer malfunctions during programming/erasing of the flash memory, the FLER
bit in FCCS is set to 1 and the error-protection state is entered, and this suspends the programming
or erasure.

The FLER bit is set in the following conditions:

1. When an interrupt such as NMI occurs during programming/erasing
2. When the flash memory is read during programming/erasing (including a vector read or an
instruction fetch)

3. When a SLEEP instruction (including software standby mode) is executed during
programming/erasing

Error protection is canceled by a reset or in hardware standby mode. Note that the reset should be
released after the reset period of 100 us which is longer than normal. Since high voltages are
applied during programming/erasing of the flash memory, some voltage may remain after the
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error-protection state has been entered. For this reason, it is necessary to reduce the risk of damage
to the flash memory by extending the reset period so that the charge is released.

Figure 20.16 shows state transitions to and from the error-protection state.

Reset or hardware
standby
(Hardware protection)

Read disabled,
programming/erasing disabled
FLER=0

Program/erase interface
RES =0 or register is in its initial state.
STBY =0

Error protection mode
(Software standby)

R

4—F Read disabled,
Cancel programming/erasing disabled,

software standby mode FLER=1

Program/erase interface
register is in its initial state.

ES=00rSTBY =0

v

Program mode
Erase mode

Read disabled,
programming/erasing
gnabled, FLER =0

Figure 20.16 Transitions to Error Protection State

20.6  Switching between User MAT and User Boot MAT

It is possible to switch between the user MAT and user boot MAT. However, the following
procedure is required because these MATS are allocated to address 0.

(Switching to the user boot MAT disables programming and erasing. Programming of the user
boot MAT should take place in boot mode or programmer mode.)

MAT switching by FMATS should always be executed in the on-chip RAM.

2. To ensure that the MAT that has been switched to is accessible, execute four NOP instructions
in the on-chip RAM immediately after writing to FMATS in the on-chip RAM (this prevents
access to the flash memory during MAT switching).

3. If an interrupt has occurred during switching, there is no guarantee of which memory MAT is
being accessed. Always mask the maskable interrupts before switching between MATSs. In
addition, configure the system so that NMI interrupts do not occur during MAT switching.

4. After the MATs have been switched, take care because the interrupt vector table will also have
been switched. If interrupt processing is to be the same before and after MAT switching,
transfer the interrupt-processing routines to the on-chip RAM and set the WEINTE bit in
FCCS to place the interrupt-vector table in the on-chip RAM.
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5. Memory sizes of the user MAT and user boot MAT are different. When accessing the user
boot MAT, do not access addresses above the top of its 8-kbyte memory space. If an access is
made beyond the 8-kbyte space, the undefined value will be read.

<User MAT> <On-chip RAM> <User boot MAT>

Procedure for
— | switching to the | ———»

user boot MAT /
Procedure for

< switching to
the user MAT

Procedure for switching to the user boot MAT

(1) Mask interrupts

(2) Write H'AA to FMATS.

(3) Execute four NOP instructions before
accessing the user boot MAT.

Procedure for switching to the user MAT

(1) Mask interrupts

(2) Write a value other than H'AA to FMATS.

(3) Execute four NOP instructions before accessing
the user MAT.

Figure 20.17 Switching between User MAT and User Boot MAT
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20.7  Programmer Mode

Along with its on-board programming mode, this LSI also has programmer mode as a further
mode for programming and erasing of programs and data. In programmer mode, a general-purpose
PROM programmer can freely be used to program programs to the on-chip ROM. Program/erase
is possible on the user MAT and user boot MAT. The PROM programmer must support Renesas
Technology microcomputers with 256-kbyte flash memory as a device type*. Figure 20.18 shows
a memory map in programmer mode.

A status-polling system is adopted for operation in automatic program, automatic erase, and
status-read modes. In status-read mode, details of the system’s internal signals are output after
execution of automatic programming or automatic erasure. In programmer mode, provide a 12-
MHz input-clock signal.

Note: * In this LSI, set the programming voltage of the PROM programmer to 3.3 V.

MCU mode This LSI Programmer mode
H'000000 H'00000

On-chip ROM area

H'03FFFF H'3FFFF

Figure 20.18 Memory Map in Programmer Mode
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20.8  Serial Communication Interface Specification for Boot Mode

Initiating boot mode enables the boot program to communicate with the host by using the internal
SCI. The serial communication interface specification is shown below.

(1) Status

The boot program has three states.

l.

Bit-Rate-Adjustment State

In this state, the boot program adjusts the bit rate to communicate with the host. Initiating boot
mode enables starting of the boot program and entry to the bit-rate-adjustment state. The
program receives the command from the host to adjust the bit rate. After adjusting the bit rate,
the program enters the inquiry selection state.

Inquiry/Selection State

In this state, the boot program responds to inquiry commands from the host. The device name,
clock mode, and bit rate are selected. After selection of these settings, the program is made to
enter the programming/erasing state by the command for a transition to the
programming/erasing state. The program transfers the libraries required for erasure to the on-
chip RAM and erases the user MATs and user boot MATs before the transition.
Programming/Erasing State

Programming and erasure by the boot program take place in this state. The boot program
transfers the programming/erasing programs to the RAM by commands from the host to
perform programming and erasing. Sum checks and blank checks are executed by sending
these commands from the host.

These boot program states are shown in figure 20.19.
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Bit-rate-adjustment
state

Inquiry/response

wait Inquiry * Response *
T ition t s Operations for Operations for
ransition to . inquiry and selection response
programming/erasing

S 1
r---—-y—-——f"~-"™"TF——TT~"—T~T~T—T~TT~TT- T T T s s s o 1
: Operations for erasing :
1 user MATs and user \
1 boot MATs |
1 1
1 1
: Programming/erasing :
1 wait .
1

1 A Programming Erasing Checking :
1

1 Operations for Operations for Y :
1 programming erasing ] |
1 Operations for .
1 checking |
1 1
1 | 1
1 1
1 1

Figure 20.19 Boot Program States

Rev.2.00 May. 28, 2009 Page 609 of 732
RENESAS REJ09B0059-0200




Section 20 Flash Memory (0.18-um F-ZTAT Version)

(2) Bit-Rate-Adjustment State

The bit rate is calculated by measuring the period of transfer of a low-level byte (H'00) from the
host. The bit rate can be changed by the command for a new bit rate selection. After the bit rate
has been adjusted, the boot program enters the inquiry/selection state. The bit-rate-adjustment
sequence is shown in figure 20.20.

Host Boot Program

.
Ll

H'00 (30 times maximum) Measuring the

1-bit length
<
H'00 (Completion of adjustment) g
Ll
H'55
<
P H'E6 (Boot response)
-
(H'FF (error))

Figure 20.20 Bit-Rate-Adjustment Sequence

(3) Communication Protocol

After adjustment of the bit rate, the protocol for serial communications between the host and the
boot program is as shown below.

1. One-Byte Commands and One-Byte Responses

These commands and responses are comprised of a single byte. These are consists of the
inquiries and the ACK for successful completion.

2. n-Byte Commands or n-Byte Responses

These commands and responses are comprised of n bytes of data. These are selections and
responses to inquiries.

The amount of programming data is not included under this heading because it is determined
in another command.

3. Error Response

The error response is a response to inquiries. It consists of two bytes: an error response and an
error code.

4. Programming of 128 Bytes
The size is not specified in commands. The size is indicated in response to the programming
unit inquiry.

5. Memory Read Response

This response consists of four bytes.
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One-byte command
or one-byte response

|:I Command or response

n-byte command or | | | Data | |
n-byte response Size Checksum |
Command or response
Error response | | |
L Error code
Error response
128-byte programming | |Address | Data (n bytes) | |
Command Checksum —
Memory read | |Size | Data | |
response
P L Response Checksum —

Figure 20.21 Communication Protocol Format

Command (one byte): Commands including inquiries, selection, programming, erasing, and

checking

e Response (one byte): Response to an inquiry

Size (one byte): The amount of data for transfer excluding the command, amount of data, and

checksum

Checksum (one byte): The checksum is calculated so that the total of all values from the

command byte to the SUM byte becomes H'00.
Error response (one byte): Error response to a command
Error code (one byte): Type of the error

Address (four bytes): Address for programming

Data (n bytes): Data to be programmed (The size is indicated in the response to the

programming unit inquiry.)

Size (four bytes): Four-byte response to a memory read

RENESAS
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(4) Inquiry/Selection States

The boot program returns information from the flash memory in response to the host’s inquiry
commands and selects the device code, clock mode, and bit rate in response to the host’s selection
command.

Inquiry/selection commands are listed below.

Table 20.11 Inquiry/Selection Commands

Command Command Name Description

H'20 Supported device  Inquiry regarding device codes and product names
inquiry

H'10 Device selection Selection of device code

H'21 Clock mode inquiry Inquiry regarding the number of clock modes and values of each

mode

H'11 Clock mode Indication of the selected clock mode
selection

H'22 Multiplication ratio  Inquiry regarding the number of frequency-multiplied clock types,
inquiry the number of multiplication ratios, and the values of each

multiple

H'23 Operating clock Inquiry regarding the maximum and minimum values of the main
frequency inquiry  clock and peripheral clocks

H'24 User boot MAT Inquiry regarding the number of user boot MATs and the start
information inquiry and last addresses of each MAT

H'25 User MAT Inquiry regarding the number of user MATs and the start and last
information inquiry addresses of each MAT

H'26 Erasing block Inquiry regarding the number of blocks and the start and last
information inquiry addresses of each block

H'27 Programming unit  Inquiry regarding the unit of programming data
inquiry

H'3F New bit rate Selection of new bit rate
selection

H'40 Transition to Erasing of user MAT and user boot MAT, and entry to
programming/erasin programming/erasing state
g state

H'4F Boot program status Inquiry regarding the operating state of the boot program
inquiry

The selection commands, which are device selection (H'10), clock mode selection (H'11), and new
bit rate selection (H'3F), should be transmitted from the host in that order. These commands will
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certainly be needed. When two or more selection commands are transmitted at once, the last
command will be valid.

All of these commands, except for the boot program status inquiry command (H'4F), will be valid
until the boot program receives the transition to programming/erasing state command (H'40). The
host can select the needed commands out of the commands listed above and inquire them. The
boot program status inquiry command (H'4F) is valid after the boot program has received the
transition to programming/erasing state command (H'40).

(a) Supported Device Inquiry

The boot program will return the device codes of supported devices and the product name in
response to the supported device inquiry.

Command

e Command, H'20, (one byte): Inquiry regarding supported devices

Response | H'30 Size | Number of devices
Number of Device code Product name
characters
SUM

e Response, H'30, (one byte): Response to the supported device inquiry

o Size (one byte): Number of bytes to be transferred, excluding the command, size, and
checksum, that is, the amount of data consists of the number of devices, characters, device
codes, and product names

e Number of devices (one byte): The number of device types supported by the boot program

e Number of characters (one byte): The number of characters in the device codes and boot
program’s name

e Device code (four bytes): ASCII code of the supported product name
e Product name (n bytes): Type name of the boot program in ASCII-coded characters
e SUM (one byte): Checksum

e The checksum is calculated so that the total number of all values from the command byte to
the SUM byte becomes H'00.
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(b) Device Selection

The boot program will set the supported device to the specified device code. The program will
return the selected device code in response to the inquiry after this setting has been made.

Command | H'10 Size Device code |SUM \

e Command, H'10, (one byte): Device selection

o Size (one byte): Amount of device-code data
This is fixed to 2

e Device code (four bytes): Device code (ASCII code) returned in response to the supported
device inquiry
e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to the device selection command
ACK will be returned when the device code matches.

Error response ‘ H'90 | ERROR
e Error response, H'90, (one byte): Error response to the device selection command
ERROR : (one byte): Error code

H'11: Checksum error

H'21: Device code error, that is, the device code does not match
(c) Clock Mode Inquiry

The boot program will return the supported clock modes in response to the clock mode inquiry.

Command

e Command, H'21, (one byte): Inquiry regarding clock mode
Response | H'31 ‘Size ‘ Number of modes ‘ Mode ‘ ‘SUM |

e Response, H'31, (one byte): Response to the clock-mode inquiry
e Size (one byte): Amount of data that represents the number of modes and modes

e Number of clock modes (one byte): The number of supported clock modes
H'00 indicates no clock mode or the device allows to read the clock mode.

e Mode (one byte): Values of the supported clock modes (i.e. H'01 means clock mode 1.)
e SUM (one byte): Checksum
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(d) Clock Mode Selection

The boot program will set the specified clock mode. The program will return the selected clock-
mode information in response to the inquiry after this setting has been made.

The clock-mode selection command should be transmitted after the device-selection commands.

Command |H'11 ‘Size ‘Mode |SUM |

e Command, H'11, (one byte): Selection of clock mode

o Size (one byte): Amount of data that represents the modes. This is fixed to 1.

e Mode (one byte): A clock mode returned in response to the supported clock mode inquiry.
e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to the clock mode selection command
ACK will be returned when the clock mode matches.

Error Response ‘ H'91 | ERROR

e Error response, H'91, (one byte) : Error response to the clock mode selection
command

e ERROR : (one byte): Error code

H'11: Checksum error
H'22: Clock mode error, that is, the clock mode does not match.

Even if the clock mode numbers are H'00 and H'O1 by a clock mode inquiry, the clock mode
must be selected using these respective values.

(e) Multiplication Ratio Inquiry

The boot program will return the supported multiplication and division ratios.

Command

e Command, H'22, (one byte): Inquiry regarding multiplication ratio

Response | H'32 Size Number
of types

Number of Multiplica-
multiplication ratios | tion ratio

SUM

e Response, H'32, (one byte): Response to the multiplication ratio inquiry

o Size (one byte): The amount of data that represents the number of clock sources and
multiplication ratios and the multiplication ratios
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Number of types (one byte): The number of supported multiplied clock types

(e.g. when there are two multiplied clock types, which are the main and peripheral clocks,
the number of types will be H'02.)

Number of multiplication ratios (one byte): The number of multiplication ratios for each
type

(e.g. the number of multiplication ratios to which the main clock can be set and the
peripheral clock can be set.)

Multiplication ratio (one byte)

Multiplication ratio: The value of the multiplication ratio (e.g. when the clock-frequency
multiplier is four, the value of multiplication ratio will be H'04.)

Division ratio: The inverse of the division ratio, i.e. a negative number (e.g. when the clock
is divided by two, the value of division ratio will be HFE. HFE = D'-2)

The number of multiplication ratios returned is the same as the number of multiplication
ratios and as many groups of data are returned as there are types.

SUM (one byte): Checksum

(f) Operating Clock Frequency Inquiry

The boot program will return the number of operating clock frequencies, and the maximum and

minimum values.

Command

Response | H'33 Size Number of operating

Command, H'23, (one byte): Inquiry regarding operating clock frequencies

clock frequencies

Minimum value of Maximum value of operating clock
operating clock frequency | frequency

SUM

Response, H'33, (one byte): Response to operating clock frequency inquiry

Size (one byte): The number of bytes that represents the minimum values, maximum
values, and the number of frequencies.

Number of operating clock frequencies (one byte): The number of supported operating
clock frequency types

(e.g. when there are two operating clock frequency types, which are the main and
peripheral clocks, the number of types will be 2.)

Minimum value of operating clock frequency (two bytes): The minimum value of the
multiplied or divided clock frequency.
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The minimum and maximum values represent the values in MHz, valid to the hundredths
place of MHz, and multiplied by 100. (e.g. when the value is 20.00 MHz, it will be 2000,
which is H'07D0.)

Maximum value (two bytes): Maximum value among the multiplied or divided clock
frequencies

There are as many pairs of minimum and maximum values as there are operating clock
frequencies.

SUM (one byte): Checksum

(g) User Boot MAT Information Inquiry

The boot program will return the number of user boot MATSs and their addresses.

Command

Command, H'24, (one byte): Inquiry regarding user boot MAT information

Response | H'34 ‘Size | Number of areas
Area-start address Area-last address
SUM

Response, H'34, (one byte): Response to user boot MAT information inquiry

Size (one byte): The number of bytes that represents the number of areas, area-start
addresses, and area-last address

Number of Areas (one byte): The number of consecutive user boot MAT areas

When user boot MAT areas are consecutive, the number of areas returned is H'O1.
Area-start address (four bytes): Start address of the area

Area-last address (four bytes): Last address of the area

There are as many groups of data representing the start and last addresses as there are
areas.

SUM (one byte): Checksum
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(h) User MAT Information Inquiry

The boot program will return the number of user MATSs and their addresses.

Command

e Command, H'25, (one byte): Inquiry regarding user MAT information

Response | H'35 ‘ Size ‘ Number of areas
Area-start address Area-last address
SUM

e Response, H'35, (one byte): Response to the user MAT information inquiry

o Size (one byte): The number of bytes that represents the number of areas, area-start address
and area-last address

e Number of areas (one byte): The number of consecutive user MAT areas
When the user MAT areas are consecutive, the number of areas is H'O1.

e Area-start address (four bytes): Start address of the area

o Area-last address (four bytes): Last address of the area
There are as many groups of data representing the start and last addresses as there are
areas.

e SUM (one byte): Checksum
(i) Erased Block Information Inquiry

The boot program will return the number of erased blocks and their addresses.

Command

e Command, H'26, (one byte): Inquiry regarding erased block information

Response | H'36 | Size | Number of blocks
Block-start address Block-last address
SUM

e Response, H'36, (one byte): Response to the erased block information inquiry

o Size (two bytes): The number of bytes that represents the number of blocks, block-start
addresses, and block-last addresses

e Number of blocks (one byte): The number of erased blocks
e Block start address (four bytes): Start address of a block
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Block last Address (four bytes): Last address of a block
There are as many groups of data representing the start and last addresses as there are
blocks.

SUM (one byte): Checksum

(j) Programming Unit Inquiry

The boot program will return the programming unit used to program data.

Command

Command, H'27, (one byte): Inquiry regarding programming unit

Response ‘H'37 |Size ‘Programming unit |SUM ‘

Response, H'37, (one byte): Response to programming unit inquiry

Size (one byte): The number of bytes that indicates the programming unit, which is fixed to
2

Programming unit (two bytes): A unit for programming

This is the unit for reception of program data.

SUM (one byte): Checksum

(k) New Bit-Rate Selection

The boot program will set a new bit rate and return the new bit rate.

This command should be transmitted after the clock mode selection command.

Command | H'3F Size Bit rate Input frequency
Number of Multiplication | Multiplication
multiplication ratios | ratio 1 ratio 2
SUM

Command, H'3F, (one byte): Selection of new bit rate

Size (one byte): The number of bytes that represents the bit rate, input frequency, number
of multiplication ratios, and multiplication ratio

Bit rate (two bytes): New bit rate

One hundredth of the value (e.g. when the value is 19200 bps, it will be 192, which is
H'00C0.)

Input frequency (two bytes): Frequency of the clock input to the boot program

This is valid to the hundredths place and represents the value in MHz multiplied by 100.
(E.g. when the value is 20.00 MHz, it will be 2000, which is H'07D0.)
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Number of multiplication ratios (one byte): The number of multiplication ratios to which
the device can be set. (e.g. when there are two operating clock frequency types, which are
the main and peripheral clocks, the number of multiplication ratios will be 2.)
Multiplication ratio 1 (one byte): The value of multiplication or division ratios for the main
operating frequency

Multiplication ratio: The value of the multiplication ratio (e.g. when the clock frequency is
multiplied by four, the multiplication ratio will be H'04.)

Division ratio: The inverse of the division ratio, as a negative number (e.g. when the clock
frequency is divided by two, the value of division ratio will be HFE. HFE = D'-2)

Multiplication ratio 2 (one byte): The value of multiplication or division ratios for the
peripheral frequency

Multiplication ratio: The value of the multiplication ratio (e.g. when the clock frequency is
multiplied by four, the multiplication ratio will be H'04.)

Division ratio: The inverse of the division ratio, as a negative number (E.g. when the clock
is divided by two, the value of division ratio will be HFE. HFE = D'-2)

SUM (one byte): Checksum

Response

Response, H'06, (one byte): Response to selection of a new bit rate
When it is possible to set the bit rate, ACK will be returned.

Error Response | H'BF ‘ ERROR

Error response, H'BF, (one byte): Error response to selection of new bit rate
ERROR: (one byte): Error code

H'11:  Checksum error
H'24:  Bit-rate selection error
The rate is not available.
H'25:  Error in input frequency
This input frequency is not within the specified range.
H'26:  Multiplication-ratio error
The ratio does not match an available ratio.
H'27:  Operating frequency error
The frequency is not within the specified range.

(5) Received Data Check

The methods for checking of received data are listed below.

1. Input Frequency

The received value of the input frequency is checked to ensure that it is within the range of
minimum to maximum frequencies which matches the clock modes of the specified device.
When the value is out of this range, an input-frequency error is generated.
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2. Multiplication Ratio
The received value of the multiplication ratio or division ratio is checked to ensure that it
matches the clock modes of the specified device. When the value is out of this range, a
multiplication-ratio error is generated.

3. Operating Frequency
Operating frequency is calculated from the received value of the input frequency and the
multiplication or division ratio. The input frequency is input to the LSI and the LSI is operated
at the operating frequency. The expression is given below.
Operating frequency = Input frequency x Multiplication ratio, or
Operating frequency = Input frequency + Division ratio
The calculated operating frequency should be checked to ensure that it is within the range of
minimum to maximum frequencies which is available with the clock modes of the specified
device. When it is out of this range, an operating frequency error is generated.

4. Bit Rate
The value (n) of the clock select bit (CKS) in the serial mode register (SMR), and the value
(N) in the bit rate register (BRR), which are found from the peripheral operating clock
frequency (¢) and bit rate (B), are used to calculate the error rate to ensure that it is less than
4%. If the error is more than 4%, a bit rate error is generated. The error is calculated using the
following expression:

¢ x 108

Error (%) =
o) {[(N+1)><B><64><2(2X”-1)

]1- 1} x 100

When the new bit rate is selectable, the rate will be set in the register after sending ACK in
response. The host will send an ACK with the new bit rate for confirmation and the boot program
will response with that rate.

Confirmation

e Confirmation, H'06, (one byte): Confirmation of a new bit rate

Response

e Response, H'06, (one byte): Response to confirmation of a new bit rate

The sequence of new bit-rate selection is shown in figure 20.22.
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Host | Boot program |
»

L

Setting a new bit rate

A

— — H'06 (ACK)
Waiting for one-bit period
at the specified bit rate

Setting a new bit rate |Setting a new bit ratel

.

H'06 (ACK) with the new bit rate

A

H'06 (ACK) with the new bit rate

Figure 20.22 New Bit-Rate Selection Sequence

(6) Transition of Programming/Erasing State

The boot program will transfer the erasing program, and erase the user MATSs and user boot MATs
in that order. On completion of this erasure, ACK will be returned and the programming/erasing
state will be entered.

The host should select the device code, clock mode, and new bit rate with device selection, clock-
mode selection, and new bit-rate selection commands, and then send the command for the
transition to programming/erasing state to the boot program. These procedures should be carried
out before sending of the programming selection command or program data.

Command

e Command, H'40, (one byte): Transition to programming/erasing state

Response

e Response, H'06, (one byte): Response to transition to programming/erasing state
ACK will be returned when the user MAT and user boot MAT have been erased by the
transferred erasing program.

Error Response

e Error response, H'CO, (one byte): Error response for user boot MAT blank check

e Error code, H'S1, (one byte): Erasing error
An error occurred and erasure was not completed.
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(7) Command Error

A command error will occur when a command is undefined, the order of commands is incorrect,
or a command is unacceptable. Issuing a clock-mode selection command before a device selection
or an inquiry command after the transition to programming/erasing state command, is an example.

Error Response

e Error response, H'80, (one byte): Command error

e Command, H'xx, (one byte): Received command

(8) Command Order

The order for commands in the inquiry selection state is shown below.

1. A supported device inquiry (H20) should be made to inquire about the supported devices.

2. The device should be selected from among those described by the returned information and set
with a device-selection (H'10) command.

3. A clock-mode inquiry (H21) should be made to inquire about the supported clock modes.

4. The clock mode should be selected from among those described by the returned information
and set.

5. After selection of the device and clock mode, inquiries for other required information should
be made, such as the multiplication-ratio inquiry (H'22) or operating frequency inquiry (H23),
which are needed for a new bit-rate selection.

6. A new bit rate should be selected with the new bit-rate selection (H'3F) command, according
to the returned information on multiplication ratios and operating frequencies.

7. After selection of the device and clock mode, inquire the information of the user boot MAT
and user MAT with the user boot MATSs information inquiry (H24), user MATSs information
inquiry (H'25), erased block information inquiry (H'26), and programming unit inquiry (H'27).

8. After making inquiries and selecting a new bit rate, issue the transition to programming/erasing
state command (H'40). The boot program will then enter the programming/erasing state.
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(9) Programming/Erasing State

A programming selection command makes the boot program select the programming method, a
128-byte programming command makes it program the memory with data, and an erasing
selection command and block erasing command make it erase the block. The
programming/erasing commands are listed below.

Table 20.12 Programming/Erasing Commands

Command Command Name

Description

H'42 User boot MAT programming selection Transfers the user boot MAT programming
program

H'43 User MAT programming selection Transfers the user MAT programming
program

H'50 128-byte programming Programs 128 bytes of data

H'48 Erasing selection Transfers the erasing program

H'58 Block erasing Erases a block of data

H'52 Memory read Reads the contents of memory

H'4A User boot MAT sum check Checks the sum of the user boot MAT

H'4B User MAT sum check Checks the sum of the user MAT

H'4C User boot MAT blank check Checks the blank data of the user boot MAT

H'4D User MAT blank check Checks the blank data of the user MAT

H'4F Boot program status inquiry Inquires the boot program’s status

e Programming

Programming is executed by a programming-selection command and a 128-byte programming
command.

Firstly, the host should send the programming-selection command and select the programming
method and programming MATS. There are two programming selection commands, and
selection is according to the area and method for programming.

1.

User boot MAT programming selection

2. User MAT programming selection
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After issuing the programming selection command, the host should send the 128-byte
programming command. The 128-byte programming command that follows the selection
command represents the data programmed according to the method specified by the selection
command. When more than 128-byte data is programmed, 128-byte commands should be
executed repeatedly. Sending a 128-byte programming command with H'FFFFFFFF as the
address will stop the programming. On completion of programming, the boot program will
wait for selection of programming or erasing.

Where the sequence of programming operations that is executed includes programming with
another method or of another MAT, the procedure must be repeated from the programming
selection command.

The sequence for programming-selection and 128-byte programming commands is shown in
figure 20.23.

Host Boot program
>
P i lection (H'42, H'43, H'44
rogramming selection ( , , ) Transter of the
programming
program
<
ACK
>
128-byte programming (address, data) -
<
ACK
>
P 128-byte programming (H'FFFFFFFF)
e |
ACK

Figure 20.23 Programming Sequence

(a) User Boot MAT Programming Selection

The boot program will transfer a programming program. The data is programmed to the user boot
MATS by the transferred programming program.

Command

e Command, H'42, (one byte): User boot MAT programming selection

Response

e Response, H'06, (one byte): Response to user boot MAT programming selection
When the programming program has been transferred, ACK will be returned.
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Error Response | H'C2 ‘ ERROR

o Error response: H'C2 (one byte): Error response to user boot MAT programming selection
e ERROR: (one byte): Error code

H'54: Selection processing error (transfer error occurs and processing is not completed)
e User MAT Programming Selection

The boot program will transfer a programming program. The data is programmed to the user
MATS by the transferred programming program.

Command

e Command, H'43, (one byte): User MAT programming selection

Response

e Response, H'06, (one byte): Response to user MAT programming selection
When the programming program has been transferred, ACK will be returned.

Error Response | H'C3 ‘ ERROR

o Error response: H'C3 (one byte): Error response to user MAT programming selection
e ERROR: (one byte): Error code

H'54: Selection processing error (transfer error occurs and processing is not completed)
(b) 128-Byte Programming

The boot program will use the programming program transferred by the programming selection to
program the user boot MATSs or user MATS in response to 128-byte programming.

Command | H'50 Address
Data

SUM
e Command, H'50, (one byte): 128-byte programming

e Programming address (four bytes): Start address for programming
Multiple of the size specified in response to the programming unit inquiry
(i.e. H'00, H'01, H'00, H'00: H'010000)

e Programming data (128 bytes): Data to be programmed
The size is specified in the response to the programming unit inquiry.

e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to 128-byte programming
On completion of programming, ACK will be returned.
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Error Response | H'DO ‘ ERROR

o Error response, HDO, (one byte): Error response for 128-byte programming
e ERROR: (one byte): Error code
H'11:  Checksum Error

H'53:  Programming error
A programming error has occurred and programming cannot be continued.

The specified address should match the unit for programming of data. For example, when the
programming is in 128-byte units, the lower eight bits of the address should be H'00 or H'80.

When there are less than 128 bytes of data to be programmed, the host should fill the rest with
H'FF.

Sending the 128-byte programming command with the address of H'FFFFFFFF will stop the
programming operation. The boot program will interpret this as the end of the programming and
wait for selection of programming or erasing.

Command ‘ H'50 |Address ‘ SUM |

e Command, H'50, (one byte): 128-byte programming
e Programming address (four bytes): End code is H'FF, HFF, H'FF, HFF.
e SUM (one byte): Checksum
Response
e Response, H'06, (one byte): Response to 128-byte programming
On completion of programming, ACK will be returned.
Error Response | H'DO ‘ ERROR
e Error response, HDO, (one byte): Error response for 128-byte programming
e ERROR: (one byte): Error code

H'11:  Checksum error
H'53:  Programming error
An error has occurred in programming and programming cannot be continued.

(10) Erasure

Erasure is performed with the erasure selection and block erasure commands.

Firstly, erasure is selected by the erasure selection command and the boot program then erases the
specified block by a block-erasure command. The block-erasure command should be repeatedly
executed if two or more blocks are to be erased. Sending a block-erasure command from the host
with the block number H'FF will stop the erasure operating. On completion of erasing, the boot
program will wait for selection of programming or erasing.
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The sequences of erasure selection commands and block erasure commands are shown in figure
20.24.

Host Boot program

[
»

Preparation for erasure (H'48)
Transfer of erasure

program
<l
|
ACK
.
Ll
Erasure (Erasure block number)
<
ACK

A 4

Erasure (H'FF)
ACK

A

Figure 20.24 Erasure Sequence
(a) Erasure Selection

The boot program will transfer the erasure program. User MAT data is erased by the transferred
erasure program.

Command

e Command, H'48, (one byte): Erasure selection

Response

e Response, H'06, (one byte): Response for erasure selection
After the erasure program has been transferred, ACK will be returned.

Error Response | H'C8 ‘ ERROR

e Error response, H'C8, (one byte): Error response to erasure selection
e ERROR: (one byte): Error code

H'54: Selection processing error (transfer error occurs and processing is not
completed)
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(b) Block Erasure

The boot program will erase the contents of the specified block.

Command ‘H'58 |Size ‘Blocknumber |SUM ‘

e Command, H'S8, (one byte): Erasure

o Size (one byte): The number of bytes that represents the erasure block number
This is fixed to 1.

e Block number (one byte): Number of the block to be erased

e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to erasure
After erasure has been completed, ACK will be returned.

Error Response | H'D8 ‘ ERROR

e Error response, HD8, (one byte): Error response to erasure
e ERROR (one byte): Error code

H'11:  Checksum error
H'29:  Block number error
Block number is incorrect.
H'51:  Erasure error
An error has occurred during erasure.

On receiving block number H'FF, the boot program will stop erasure and wait for a selection
command.

Command ‘ H'58 | Size | Block number ‘ SUM |

e Command, H'S8, (one byte): Erasure

e Size, (one byte): The number of bytes that represents the block number
This is fixed to 1.

e Block number (one byte): HFF
Stop code for erasure

e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to end of erasure (ACK)

When erasure is to be performed after the block number H'FF has been specified, the procedure
should be executed from the erasure selection command.
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(11) Memory Read

The boot program will return the data in the specified address.

Command | H'52 |Size ‘Area ‘Read address

Read size | SUM \

e Command: H'52 (one byte): Memory read

e Size (one byte): Amount of data that represents the area, read address, and read size (fixed to

9)
e Area (one byte)

H'00: User boot MAT
H'01: User MAT
An address error occurs when the area setting is incorrect.

e Read address (four bytes): Start address to be read from
e Read size (four bytes): Size of data to be read
e SUM (one byte): Checksum

Response | H'52 Read size

Data ‘ ‘ | ‘

SUM

e Response: H'52 (one byte): Response to memory read

e Read size (four bytes): Size of data to be read

e Data (n bytes): Data for the read size from the read address

e SUM (one byte): Checksum

Error Response | H'D2 ‘ ERROR

e Error response: H'D2 (one byte): Error response to memory read
e ERROR: (one byte): Error code

H'11: Checksum error
H"2A: Address error

The read address is not in the MAT.
H"2B: Size error

The read size exceeds the MAT.

(12) User Boot MAT Sum Check

The boot program will return the byte-by-byte total of the contents of the bytes of the user boot

MAT, as a four-byte value.

Command

e Command, H'4A, (one byte): Sum check for user boot MAT
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Response ‘ H'5A | Size | Checksum of MATs | SUM ‘

e Response, H'SA, (one byte): Response to the sum check of user boot MAT

e Size (one byte): The number of bytes that represents the checksum
This is fixed to 4.

e Checksum of MATSs (four bytes): Checksum of user boot MATSs
The total of the data is obtained in byte units.

e SUM (one byte): Sum check for data being transmitted

(13) User MAT Sum Check

The boot program will return the byte-by-byte total of the contents of the bytes of the user MAT,
as a four-byte value.

Command

e Command, H'4B, (one byte): Sum check for user MAT

Response ‘ H'5B | Size ‘ Checksum of MATs ‘ SUM ‘
e Response, H'SB, (one byte): Response to the sum check of the user MAT

e Size (one byte): The number of bytes that represents the checksum
This is fixed to 4.

e Checksum of MATSs (four bytes): Checksum of user MATSs
The total of the data is obtained in byte units.

o SUM (one byte): Sum check for data being transmitted

(14) User Boot MAT Blank Check
The boot program will check whether or not all user boot MATSs are blank and return the result.

Command

e Command, H'4C, (one byte): Blank check for user boot MAT

Response

e Response, H'06, (one byte): Response to the blank check of user boot MAT
If all user boot MATs are blank (H'FF), ACK will be returned.

Error Response

e Error response, H'CC, (one byte): Error response to blank check for user boot MAT
e Error code, H'S2, (one byte): Erasure has not been completed.
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(15) User MAT Blank Check

The boot program will check whether or not all user MATs are blank and return the result.

Command

e Command, H'4D, (one byte): Blank check for user MATSs

Response

e Response, H'06, (one byte): Response to the blank check for user MATSs
If all user MATs are blank (H'FF), ACK will be returned.

Error Response

e Error Response, H'CD, (one byte): Error response to the blank check of user MATSs.

e Error code, H'S2, (one byte): Erasure has not been completed.

(16) Boot Program State Inquiry

The boot program will return indications of its present state and error condition. This inquiry can
be made in the inquiry/selection state or the programming/erasing state.

Command

e Command, H'4F, (one byte):  Inquiry regarding boot program’s state

Response ‘ H'5F | Size | Status ERROR ‘ SUM ‘

e Response, H'SF, (one byte): Response to boot program state inquiry

o Size (one byte): The number of bytes. This is fixed to 2.
e Status (one byte): State of the boot program
e ERROR (one byte): Error state

ERROR = 0 indicates normal operation.
ERROR = 1 indicates an error has occurred.

e SUM (one byte): Checksum
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Table 20.13 Status Codes

Code Description

H'11 Device Selection Wait

H'12 Clock Mode Selection Wait

H'13 Bit Rate Selection Wait

H'1F Programming/Erasing State Transition Wait (Bit rate selection is completed)
H'31 Programming State for Erasure

H'3F Programming/Erasing Selection Wait (Erasure is completed)

H'4F Programming Data Receive Wait (Programming is completed)

H'5F Erasure Block Specification Wait (Erasure is completed)

Table 20.14 Error Codes

Code Description

H'00 No Error

H'11 Checksum Error

H'12 Program Size Error

H'21 Device Code Mismatch Error
H'22 Clock Mode Mismatch Error
H'24 Bit Rate Selection Error

H'25 Input Frequency Error

H'26 Multiplication Ratio Error
H'27 Operating Frequency Error
H'29 Block Number Error

H2A Address Error

H'2B Data Length Error

H'51 Erasure Error

H'52 Erasure Incomplete Error
H'53 Programming Error

H'54 Selection Processing Error
H'80 Command Error

H'FF Bit-Rate-Adjustment Confirmation Error
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20.9  Usage Notes

L.

The initial state of the Renesas Technology product at its shipment is in the erased state. For
the product whose revision of erasing is undefined, we recommend to execute automatic
erasure for checking the initial state (erased state) and compensating.

For the PROM programmer suitable for programmer mode in this LSI and its program version,
refer to the instruction manual of the socket adapter.

If the socket, socket adapter, or product index does not match the specifications, overcurrent
flows and the product may be damaged.

If a voltage higher than the rated voltage is applied, the product may be fatally damaged. Use a
PROM programmer that supports the Renesas Technology MCU device with 256-kbyte flash
memory at 3.3 V. Do not set the programmer to HN28F101 or the programming voltage to 5.0
V. Use only the specified socket adapter. If other adapters are used, the product may be
damaged.

Do not remove the chip from the PROM programmer nor input a reset signal during
programming/erasing. As a high voltage is applied to the flash memory during
programming/erasing, doing so may damage or destroy flash memory permanently. If reset is
executed accidentally, reset must be released after the reset input period of 100 ps which is
longer than normal.

The flash memory is not accessible until FKEY is cleared after programming/erasing
completes. If this LSI is restarted by a reset immediately after programming/erasing has
finished, secure the reset period (period of RES = 0) of more than 100 ps. Though a transition
to the reset state or hardware standby state during programming/erasing is prohibited, if reset is
executed accidentally, reset must be released after the reset input period of 100 pus which is
longer than normal.

At powering on or off the Vcc power supply, fix the RES pin to low and set the flash memory
to the hardware protection state. This power on/off timing must also be satisfied at a power-off
and power-on caused by a power failure and other factors.

Program the area with 128-byte programming-unit blocks in on-board programming or
programmer mode only once. Perform programming in the state where the programming-unit
block is all erased.

When the chip is to be reprogrammed with the programmer after execution of programming or
erasure in on-board programming mode, it is recommended that automatic programming be
performed after execution of automatic erasure.

10. To program data to the flash memory, data or programs must be allocated to addresses higher

than that of the external interrupt vector table (H'000040) and H'FF must be written to the
areas that are reserved for the system in the exception handling vector table.

11. If data other than H'FF (four bytes) is written to the key code area (H'00003C to H'00003F) of

flash memory, reading cannot be performed in programmer mode. (In this case, data is read as
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H'00. Rewrite is possible after erasing the data.) For reading in programmer mode, make sure
to write H'FF to the entire key code area. If data other than H'FF is to be written to the key
code area in programmer mode, a verification error will occur unless a countermeasure is taken
for the PROM programmer and its program version.

12. The programming program that includes the initialization routine and the erasing program that
includes the initialization routine are each 2 kbytes or less. Accordingly, when the CPU clock
frequency is 20 MHz, the download for each program takes approximately TBD us at the
maximum.

13. A programming/erasing program for flash memory used in the conventional H8S F-ZTAT
microcomputer which does not support download of the on-chip program by a SCO transfer
request cannot run in this LSI. Be sure to download the on-chip program to execute
programming/erasing of flash memory in this LSI.

14. Unlike the conventional H8S F-ZTAT microcomputer, no countermeasures are available for a
runaway by the WDT during programming/erasing. Prepare countermeasures (e.g. use of the
periodic timer interrupts) for the WDT with taking the programming/erasing time into
consideration as required.
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Section 21 Clock Pulse Generator

This LSI incorporates a clock pulse generator which generates the system clock (¢) and internal
clock. The clock pulse generator consists of an oscillator, duty adjustment circuit, and divider.
Figure 21.1 shows a block diagram of the clock pulse generator.

SCKCR

SCK2 to SCKO

XTAL — Duty
Oscillator »| adjustment Divider
EXTAL — circuit
[Legend]

System clock Internal clock

SCKCR: System clock control register Toopin  To peripheral modules

Figure 21.1 Block Diagram of Clock Pulse Generator

The internal frequency is changed by software according to the settings of the system clock
control register (SCKCR).
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21.1  Register Description
The clock pulse generator has the following register.

e System clock control register (SCKCR)

21.1.1  System Clock Control Register (SCKCR)
SCKCR controls ¢ output and selects the division ratio for the divider.

Bit Bit Name Initial Value R/W  Description

7 PSTOP 0 R/W ¢ Output Disabled
Controls ¢ output.
In normal operation:
0: ¢ output
1: Fixed to high
In sleep mode:
0: ¢ output
1: Fixed to high
In software standby mode:
0: Fixed to high
1: Fixed to high
In hardware standby mode:
0: High impedance
1: High impedance

6to3 — AllO R/W  Reserved

Although these bits are readable/writable, only 0
should be written here.
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Bit Bit Name Initial Value R/W  Description
2 SCK2 0 R/W  System Clock Select 2 to 0
SCK1 0 R/W  Select the division ratio.
0 SCKO 0 R/W  000: 1/1
001:1/2
010: 1/4

011: Setting prohibited
100: Setting prohibited
101: Setting prohibited
11x: Setting prohibited

[Legend] x: Don't care.

Rev.2.00 May. 28, 2009 Page 639 of 732

RENESAS REJ09B0059-0200



Section 21 Clock Pulse Generator

21.2 Oscillator

Clock pulses can be supplied either by connecting a crystal resonator or by providing external
clock input.

21.2.1  Connecting Crystal Resonator

Figure 21.2 shows a typical method of connecting a crystal resonator. An appropriate damping
resistance R, given in table 21.1, should be used. An AT-cut parallel-resonance crystal resonator
should be used.

Figure 21.3 shows the equivalent circuit of a crystal resonator. A crystal resonator having the
characteristics given in table 21.2 should be used.

Cuy
EXTAL T 1 Th_

=
XTAL - |—MWh—1—] il
| Ry Cr2

C1=C,=101022 pF

Figure 21.2 Typical Connection to Crystal Resonator

Table 21.1 Damping Resistor Values

Frequency (MHz) 10 12 16 20
R, (Q) 0 0 0 0
C
L R
XTAL ° — EXTAL
|1
IC:) AT-cut parallel-resonance crystal resonator

Figure 21.3 Equivalent Circuit of Crystal Resonator
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Table 21.2 Crystal Resonator Parameters

Frequency(MHz) 10 12 16 20
R (max.) () 70 60 50 40
C, (max.) (pF) 7 7 7 7

21.2.2  External Clock Input Method

Figure 21.4 shows a typical method of connecting an external clock signal. To leave the XTAL pin

open, parasitic capacitance should be 10 pF or less.

To input an inverted clock to the XTAL pin, the external clock should be set to high in standby
mode. External clock input conditions are shown in table 21.3.

EXTAL

XTAL

J-I_n_l-l_ External clock input

Open

(a) Example of external clock input when XTAL pin left open

EXTAL

XTAL

J-I_l-l_l-l_ External clock input

v

(b) Example of external clock input when an inverted clock is input to XTAL pin

Figure 21.4 Example of External Clock Input
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Table 21.3 External Clock Input Conditions

VCC=3.0t03.6V

Item Symbol  Min. Max. Unit Test Conditions
External clock input pulse t_, 15 — ns Figure 21.5
width low level
External clock input pulse t, 15 — ns
width high level
External clock rising time  t_ — 5 ns
External clock falling time  t_, — 5 ns
Clock pulse width low te 0.4 0.6 t. Figure 24.3
level
Clock pulse width high to, 0.4 0.6 e
level
texn texe

EXTAL

TR [
—_— l— — To— tEXf

texr

Figure 21.5 External Clock Input Timing

When a specified clock signal is input to the EXTAL pin, internal clock signal output is
determined after the external clock output stabilization delay time (t,,,) has passed. As the clock
signal output is not determined during the t,,, cycle, a reset signal should be set to low to hold it
in the reset state. Table 21.4 shows the output stabilization delay time for the external clock.
Figure 21.6 shows the timing of the output stabilization delay time for the external clock.
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Table 21.4 Output Stabilization Delay Time for External Clock

Condition: V., =2.7Vt03.6 V,AV . =27V1t03.6V,V ,=AV, =0V

Item Symbol Min. Max. Unit Remarks

Output stabilization delay time for t_* 500 — us Figure 21.6

external clock

Note: * includes a RES pulse width (t_,)-

tDE)(T

Vee 27 Ei]

STBY Vw 7

S AVAVAVAVAVAVAN
: [\

L —
(Internal and external)

[AVAVAVAVAY
AVAVAVAVAVAY

RES ]

e
))

toext*

Note: * toext includes a RES pulse width (tresw).

Figure 21.6 Timing of Output Stabilization Delay

21.3  Duty Adjustment Circuit

Time for External Clock

The duty adjustment circuit is valid when the oscillation frequency is more than 5 MHz. This
circuit adjusts the duty of the clock output by the oscillator and inputs it to the divider.

214  Divider

The divider divides the clock output by the duty adjustment circuit, and generates the system clock

(¢) of 1/1, 1/2, and 1/4.

R
RENESAS
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21.5  Usage Notes

21.5.1 Note on Resonator

Since all kinds of characteristics of the resonator are closely related to the board design by the
user, use the example of resonator connection in this document for only reference; be sure to use
an resonator that has been sufficiently evaluated by the user. Consult with the resonator
manufacturer about the resonator circuit ratings which vary depending on the stray capacitances of
the resonator and installation circuit. Make sure the voltage applied to the oscillation pins do not
exceed the maximum rating.

21.5.2  Notes on Board Design

When using a crystal resonator, the crystal resonator and its load capacitors should be placed as
close as possible to the EXTAL and XTAL pins. Other signal lines should be routed away from
the oscillation circuit to prevent inductive interference with the correct oscillation as shown in
figure 21.7.

Prohibited —— - Signal A Signal B

This LSI
XTAL

Y
[N}

Tir

—H

EXTAL

11
11
Cu1

Figure 21.7 Note on Board Design of Oscillation Circuit Section

21.5.3 Notes on Operation Confirmation

Even if a crystal resonator is not connected to the EXTAL and XTAL pins or an external clock is
not input, self-oscillation may occur at the several kHz frequency. Therefore, make sure that this
LSI operates at the correct frequency.
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Section 22 Power-Down Modes

In addition to the normal program execution state, this LSI has power-down modes in which
operation of the CPU and oscillator is halted and power consumption is reduced. Low-power
operation can be achieved by individually controlling the CPU, on-chip peripheral modules, and
SO on.

This LSI’s operating modes are high-speed mode and five power down modes:

Clock division mode
Sleep mode

Module stop mode
Software standby mode

Hardware standby mode

Sleep mode is a CPU state, clock division mode is CPU and on-chip peripheral function states,
and module stop mode is an on-chip peripheral function state. A combination of these modes can

be set.

After a reset, this LSI is in high-speed mode.

Table 22.1 shows the internal states of this LSI in each mode. Figure 22.1 shows the mode
transition diagram.
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Table 22.1 Operating Modes and Internal States of LSI

High- Clock Software Hardware
Speed Division Sleep Module Standby Standby
Operating State Mode Mode Mode Stop Mode  Mode Mode
Clock pulse generator Functions Functions Functions Functions Halted Halted
CPU Instruction Functions Functions Halted Functions Halted Halted
execution
Register Retained Retained Undefined
External NMI Functions Functions Functions Functions Functions Halted
INterMupts 240 to IRQ7
Peripheral WDT Functions Functions Functions Functions Halted Halted
functions (Retained) (Reset)
TMRO, TMR1  Functions Functions Functions Halted Halted Halted
(Retained) (Retained) (Reset)
TMRX, TMRY Functions Functions Functions Halted Halted Halted
(Retained) (Retained) (Reset)
FRT Functions Functions Functions Halted Halted Halted
(Retained) (Retained) (Reset)
Timer Functions Functions Functions Halted Halted Halted
connection (Retained) (Retained) (Reset)
Duty Functions Functions Functions Halted Halted Halted
measurement (Retained) (Retained) (Reset)
circuit
TPU Functions Functions Functions Halted Halted Halted
(Retained) (Retained) (Reset)
A/D Functions Functions Functions Halted Halted Halted
(Retained) (Retained) (Reset)
1IC3 Functions Functions Functions Halted Halted Halted
(Retained)*  (Retained)*  (Reset)
PWM Functions Functions Functions Halted Halted Halted
(Reset) (Reset) (Reset)
PWMX Functions Functions Functions Halted Halted Halted
(Reset) (Reset) (Reset)
SCI Functions Functions Functions Halted Halted Halted
(Partial reset) (Partial reset) (Reset)
RAM Functions Functions Functions Functions Retained Retained
I/0 Functions Functions Functions Functions Retained High

impedance
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Notes: Halted (Retained) in the table means that internal register values are retained and
internal operations are suspended.
Halted (Reset) in the table means that internal register values and internal states are
initialized.
In module stop mode, only modules for which a stop setting has been made are halted
(reset or retained).
* The internal register values are retained and internal states are initialized.

I

1 STBY pin = low
I
I

Reset state - I Hardware

STBY pin = high : standby mode
RES pin = low |
RES pin = high :

! SSBY=0

_______________ !
P : SLEEP |

A instruction Sleep mode

- (main clock)
Internal clock is duty

adjustment circuit

output clock MSTPCR =

Any interrupt
H'FFFF (H'FFFE),

1
4 [ SLEEP EXMSTPCR = HFFFF,

: instruction SSBY =0

1
1

| 1

,SCKO=0 SCKO#0, !

| | ] :
! SLEEP

1

X Clock division
: mode
1
1

Software
Interrupt standby mode

1
1
1
1
1
1
1
1
1
1
| 1SCK2to SCK2 to
1
1
1
1
1
1
1
1
1
1
1

Program execution state Program-halted state

= : Transition after exception handling  (C__) : Power-down mode

Notes: * NMI, IRQO to IRQ7
(IRQO to IRQ7 are valid when the corresponding bit in SSIER is 1.)
1. From any state, a transition to hardware standby mode occurs when STBY is driven low.
2. From any state except hardware standby mode, a transition to the reset state occurs
when RES is driven low.

Figure 22.1 Mode Transitions
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22.1  Register Descriptions

The registers relating to the power-down mode are shown below. For details on the system clock
control register (SCKCR), refer to section 21.1.1, System Clock Control Register (SCKCR).

e System clock control register (SCKCR)

o Standby control register (SBYCR)

e Module stop control registers H and L (MSTPCRH, MSTPCRL)

o Extension module stop control registers H and L (EXMSTPCRH, EXMSTPCRL)

22.1.1 Standby Control Register (SBYCR)
SBYCR performs software standby mode control.

Bit Bit Name Initial Value R/W Description

7 SSBY 0 R/W Software Standby

Specifies the transition mode after executing the
SLEEP instruction.

0: Shifts to sleep mode after the SLEEP instruction
is executed

1: Shifts to software standby mode after the
SLEEP instruction is executed

This bit does not change when clearing software
standby mode by using external interrupts and
shifting to normal operation. Write 0 to this bit
when clearing.

6 OPE 1 R/W Qutput Port Enable
Specifies whether the states of the address bus

and bus control signals (CS1 to CS3, AS/AH, RD,
HWR, LWR) are retained or set to the high-

impedance state in software standby mode.

0: In software standby mode, address bus and bus
control signals are high-impedance

1: In software standby mode, address bus and bus
control signals retain the previous states
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Bit Bit Name Initial Value R/W Description
5t03 — AllO — Reserved

These bits are always read as 0. The initial value
should not be changed.

2 STS2 1 R/W Standby Timer Select 210 0
STSH 1 R/W
0 STSO 1 R/W

—_

Select the time the MCU waits for the clock to
stabilize when software standby mode is cleared.
Make a selection according to the operating
frequency so that the standby time is at least 8 ms
(oscillation stabilization time). With an external
clock, make a selection according to the operating
frequency so that the standby time is at least 500
us (output stabilization delay time for external
clock).

For relationship between setting values and the
standby time, see table 22.2.
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22.1.2  Module Stop Control Registers H and L (MSTPCRH, MSTPCRL)
MSTPCR performs module stop mode control.

Setting a bit to 1, the corresponding module enters module stop mode, while clearing the bit to 0
clears the module stop mode.

e MSTPCRH

Bit Bit Name Initial Value R/W Module

15 MSTP15 0 R/W Reserved

14 MSTP14 0 R/W The initial value should not be changed.

13  MSTP13 0 R/W

12 MSTP12 0 R/W

11 MSTP11 1 R/W Duty measurement circuit (TWM)

10 MSTP10 1 R/W 16-bit timer pulse unit (TPU)

9 MSTP9 1 R/W A/D converter

8 MSTP8 1 R/W 8-bit PWM timer (PWM), 14-bit PWM timer
(PWMX)

e MSTPCRL

Bit Bit Name Initial Value R/W Module

7 MSTP7 1 R/W Reserved

6 MSTP6 1 R/W The initial value should not be changed.

5 MSTP5 1 R/W 16-bit free-running timer (FRT_1)

4 MSTP4 1 R/W 16-bit free-running timer (FRT_O)

3 MSTP3 1 R/W 8-bit timer (TMRX_1, TMRY_1), timer connection 1

2 MSTP2 1 R/W 8-bit timer (TMRX_0, TMRY_0), timer connection 0

1 MSTP1 1 R/W 8-bit timer (TMRO_1, TMR1_1)

0 MSTPO 1 R/W 8-bit timer (TMRO_0, TMR1_0)
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22.1.3

Extension Module Stop Control Registers H and L. (EXMSTPCRH,
EXMSTPCRL)

EXMSTPCR performs module stop mode control.

Setting a bit to 1, the corresponding module enters module stop mode, while clearing the bit to 0
clears the module stop mode.

o EXMSTPCRH
Bit Bit Name Initial Value R/W Module
15 MSTP31 1 R/W Reserved
14 MSTP30 1 R/W The initial value should not be changed.
13  MSTP29 1 R/W
12 MSTP28 1 R/W
11 MSTP27 1 R/W
10 MSTP26 1 R/W
9 MSTP25 1 R/W
8 MSTP24 1 R/W Serial communication interface 4 (SCI_4)
e EXMSTPCRL
Bit Bit Name Initial Value R/W Module
7 MSTP23 1 R/W Serial communication interface 3 (SCI_3)
6 MSTP22 1 R/W Serial communication interface 2 (SCI_2)
5 MSTP21 1 R/W Serial communication interface 1 (SCI_1)
4 MSTP20 1 R/W Serial communication interface 0 (SCI_0)
3 MSTP19 1 R/W I’C bus interface 3_3 (1IC3_3)
2 MSTP18 1 R/W I’C bus interface 3_2 (1IC3_2)
1 MSTP17 1 R/W I’C bus interface 3_1 (1IC3_1)
0 MSTP16 1 R/W I’C bus interface 3_0 (1IC3_0)
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22.2  Operation

22.2.1 Clock Division Mode

‘When the SCK2 to SCKO bits in SCKCR are set to a value from B'001 to B'010, a transition is
made to clock division mode. In clock division mode, the CPU and on-chip peripheral functions
all operate on the operating clock (1/2 or 1/4) specified by bits SCK2 to SCKO.

Clock division mode is cleared by clearing all of bits SCK2 to SCKO to 0. A transition is made to
high-speed mode at the end of the bus cycle, and clock division mode is cleared.

If a SLEEP instruction is executed while the SSBY bit in SBYCR is cleared to 0, the chip enters
sleep mode. When sleep mode is cleared by an interrupt, clock division mode is restored.

If a SLEEP instruction is executed while the SSBY bit in SBYCR is set to 1, the chip enters
software standby mode. When software standby mode is cleared by an external interrupt, clock
division mode is restored.

When the RES pin is driven low, the reset state is entered and clock division mode is cleared. The
same applies to a reset caused by a watchdog timer overflow.

When the STBY pin is driven low, a transition is made to hardware standby mode.

22.2.2  Sleep Mode
Transition to Sleep Mode:

When the SLEEP instruction is executed when the SSBY bit is 0 in SBYCR, the CPU enters sleep
mode. In sleep mode, CPU operation stops but the contents of the CPU’s internal registers are
retained. Other peripheral functions do not stop.

Exiting Sleep Mode:
Sleep mode is exited by any interrupt, or signals at the RES or STBY pin.

e Exiting Sleep Mode by Interrupts
When an interrupt occurs, sleep mode is exited and interrupt exception handling starts. Sleep
mode is not exited if the interrupt is disabled, or interrupts other than NMI are masked by the
CPU.

e Exiting Sleep Mode by RES pin
Setting the RES pin level low selects the reset state. After the stipulated reset input duration,
driving the RES pin high starts the CPU performing reset exception handling.
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o Exiting Sleep Mode by STBY Pin
When the STBY pin level is driven low, a transition is made to hardware standby mode.

22.2.3  Software Standby Mode
Transition to Software Standby Mode:

If a SLEEP instruction is executed when the SSBY bit in SBYCR is set to 1, software standby
mode is entered. In this mode, the CPU, on-chip peripheral functions, and oscillator all stop.
However, the contents of the CPU’s internal registers, on-chip RAM data, and the states of on-
chip peripheral functions other than the PWM, PWMX, SCI, IIC3, and A/D converter, and I/O
ports, are retained. Whether the address bus and bus control signals are placed in the high-
impedance state or retain the output state can be specified by the OPE bit in SBYCR.

In this mode the oscillator stops, and therefore power consumption is significantly reduced.
Clearing Software Standby Mode:

Software standby mode is cleared by an external interrupt (NMI pin, or pins IRQO to IRQ7), or by
means of the RES pin or STBY pin. Setting the SSI bit in SSIER to 1 enables IRQO to IRQ7 to be
used as software standby mode clearing sources.

o C(Clearing with Interrupt
When an NMI or IRQO to IRQ7 interrupt request signal is input, clock oscillation starts, and
after the elapse of the time set in bits STS2 to STSO in SBYCR, stable clocks are supplied to
the entire LSI, software standby mode is cleared, and interrupt exception handling is started.
When clearing software standby mode with an IRQO to IRQ7 interrupt, set the corresponding
enable bit to 1 and ensure that no interrupt with a higher priority than interrupts IRQO to IRQ7
is generated. Software standby mode cannot be cleared if the interrupt has been masked on the
CPU side.

e Clearing with RES Pin
When the RES pin is driven low, clock oscillation is started. At the same time as clock
oscillation starts, clocks are supplied to the entire LSI. Note that the RES pin must be held low
until clock oscillation stabilizes. When the RES pin goes high, the CPU starts reset exception
handling.

e Clearing with STBY Pin

When the STBY pin is driven low, a transition is made to hardware standby mode.
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Setting Oscillation Stabilization Time after Clearing Software Standby Mode:
Bits STS2 to STSO in SBYCR should be set as described below.

e Using Crystal Resonator
Set bits STS2 to STSO so that the standby time is more than the oscillation stabilization time.

Table 22.2 shows the standby times for operating frequencies and settings of bits STS2 to
STSO.

e Using External Clock

The desired value can be set.

Table 22.2 Oscillation Stabilization Time Settings

STS2 STS1 STSO0 Standby Time 20MHz 10MHz 8MHz 6 MHz  Unit

0 0 0 8192 states 0.4 0.8 1.0 1.3 ms
1 16384 states 0.6 1.6 2.0 2.7
1 0 32768 states 1.6 3.3 4.1 5.5
1 65536 states 3.3 6.6 8.2 10.9
1 0 0 131072 states 6.6 13.1 16.4 21.8
1 262144 states 13.1 26.2 32.8 43.7
1 0 Reserved — — — — —
1 16 states* 0.8 1.6 2.0 2.7 us

: Recommended setting value
Note: * Setting prohibited.
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Software Standby Mode Application Example:

Figure 22.2 shows an example in which a transition is made to software standby mode at the
falling edge on the NMI pin, and software standby mode is cleared at the rising edge on the NMI

pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in INTCR cleared to 0 (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge on the NMI pin.

osaitacor | | | [ || [ ||| ]]] ’ A
)]

o UUUHUUY HUUHUL

NMI | ( +

NMIEG
(
)
SSBY

NMI exception Software standby mode [ NMI exception
handling (power-down mode) Oscillation handling
NMIEG=1 stabilization

SSBY=1 time tosco

SLEEP instruction

Figure 22.2 Software Standby Mode Application Example
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22.2.4 Hardware Standby Mode
Transition to Hardware Standby Mode:
When the STBY pin is driven low, a transition is made to hardware standby mode from any mode.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power consumption. As long as the prescribed voltage is supplied, on-chip
RAM data is retained. I/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SYSCR should be cleared to 0 before
driving the STBY pin low. Do not change the state of the mode pins (MD2 to MDO0) while this
LSI is in hardware standby mode.

Note: Do not set hardware standby mode during a reset at power-on.
Clearing Hardware Standby Mode:

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin is low, the reset state is set and clock oscillation is started.
Ensure that the RES pin is held low until the clock oscillator stabilizes (for details on the
oscillation stabilization time, refer to table 22.2). When the RES pin is subsequently driven high, a
transition is made to the program execution state via the reset exception handling state.

Hardware Standby Mode Timing:
Figure 22.3 shows an example of hardware standby mode timing.

When the STBY pin is driven low after the RES pin has been driven low, a transition is made to
hardware standby mode. Hardware standby mode is cleared by driving the STBY pin high, waiting
for the oscillation stabilization time, then changing the RES pin from low to high.
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osaitwor | | | [ |[[]][]]] . AT
RES ((

e 1
Oscillation Reset

stabilization exception

time handling

Figure 22.3 Hardware Standby Mode Timing

22.2.5 Module Stop Mode
Module stop mode can be set for individual on-chip peripheral modules.

When the corresponding MSTP bit in MSTPCR or EXMSTPCR is set to 1, module operation
stops at the end of the bus cycle and a transition is made to module stop mode. The CPU continues
operating independently.

When the corresponding MSTP bit is cleared to 0, module stop mode is cleared and the module
starts operating at the end of the bus cycle. In module stop mode, the internal states of modules
other than the PWM, PWMX, SCI, and IIC3 are retained.

After reset clearance, all modules are in module stop mode.

The module registers which are set in module stop mode cannot be read or written to.
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22.3 ¢ Clock Output Control

Output of the ¢ clock can be controlled by means of the PSTOP bit in SCKCR, and DDR for the
corresponding port. When the PSTOP bit is set to 1, the ¢ clock stops at the end of the bus cycle,
and ¢ output goes high. ¢ clock output is enabled when the PSTOP bit is cleared to 0. When DDR
for the corresponding port is cleared to 0, ¢ clock output is disabled and input port mode is set.
Table 22.3 shows the state of the ¢ pin in each processing state.

Table 22.3 ¢ Pin State in Each Processing State

Register Setting Normal Operating Software Standby = Hardware
DDR PSTOP State Sleep Mode Mode Standby Mode
0 X High impedance  High impedance High impedance High impedance
1 0 ¢ output ¢ output Fixed high High impedance
1 1 Fixed high Fixed high Fixed high High impedance
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22.4  Usage Notes

22.4.1 1/0O Port State

In software standby mode, I/O port states are retained. Therefore, there is no reduction in current
consumption for the output current when a high-level signal is output.

22.4.2  Current Consumption during Oscillation Stabilization Standby Period

Current consumption increases during the oscillation stabilization standby period.

22.4.3  On-Chip Peripheral Module Interrupts

Relevant interrupt operations cannot be performed in module stop mode. Consequently, if module
stop mode is entered when an interrupt has been requested, it will not be possible to clear the CPU
interrupt source. Interrupts should therefore be disabled before entering module stop mode.

2244  Writing to MSTPCR, EXMSTPCR

MSTPCR and EXMSTPCR should only be written to by the CPU.

22.4.5 Notes on Clock Division Mode
The following points should be noted in clock division mode.

o Select the clock division ratio specified by the SCK2 to SCKO bits so that the frequency of ¢ is
within the operation guaranteed range of clock cycle time tcyc shown in the Electrical
Characteristics. In other words, the range of ¢ must be specified to 5 MHz (min.); outside of
this range (¢ < 5 MHz) must be prevented.

o All the on-chip peripheral modules operate on ¢. Therefore, note that the time processing of
modules such as a timer and SCI differs before and after changing the clock division ratio. In
addition, wait time for clearing software standby mode differs by changing the clock division
ratio.

o Note that the clock output of the ¢ pin will be changed by changing the clock division ratio.
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Section 23 List of Registers

The register list gives information on the on-chip I/O register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1. Register Addresses (Address Order)

e Registers are listed from the lower allocation addresses.
e The MSB-side address is indicated for 16-bit addresses.
e Registers are classified by functional modules.

e The access size is indicated.

2. Register Bits

e Bit configurations of the registers are described in the same order as the Register Addresses
(Address Order) above.

e Reserved bits are indicated by — in the bit name column.

e The bit number in the bit-name column indicates that the whole register is allocated as a
counter or for holding data.

o Each line covers eight bits, so 16-bit registers are shown as 2 lines.

3. Register States in Each Operating Mode

e Register states are described in the same order as the Register Addresses (Address Order)
above.

o The register states described here are for the basic operating modes. If there is a specific reset
for an on-chip peripheral module, refer to the section on that on-chip peripheral module.
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23.1 Register Addresses (Address Order)

The data bus width indicates the numbers of bits by which the register is accessed.

The number of access states indicates the number of states based on the specified reference clock.

Number of

Number Data Bus Access
Register Name Abbreviation of Bits Address Module Width States
Interrupt priority register A IPRA 16 H'FD80 Interrupts 16 2
Interrupt priority register B IPRB 16 HFD82 Interrupts 16 2
Interrupt priority register C IPRC 16 H'FD84 Interrupts 16 2
Interrupt priority register D IPRD 16 H'FD86 Interrupts 16 2
Interrupt priority register E IPRE 16 H'FD88 Interrupts 16 2
Interrupt priority register F IPRF 16 H'FD8A Interrupts 16 2
Interrupt priority register G IPRG 16 HFD8C Interrupts 16 2
Interrupt priority register H IPRH 16 H'FD8E Interrupts 16 2
Interrupt priority register | IPRI 16 H'FD90  Interrupts 16 2
Interrupt priority register J IPRJ 16 H'FD92 Interrupts 16 2
Interrupt priority register K IPRK 16 HFD94  Interrupts 16 2
IRQ sense control register ISCR 16 H'FD96 Interrupts 16 2
Software standby release IRQ SSIER 8 HFD98 Interrupts 16 2
enable register
Interrupt control register INTCR 8 H'FD99  Interrupts 16 2
IRQ enable register IER 8 H'FD9A  Interrupts 16 2
IRQ status register ISR 8 H'FD9B Interrupts 16 2
Serial mode register_0 SMR_0 8 H'FDBO SCI_0 8 2
Bit rate register_0 BRR_0 8 HFDB1  SCI_0 8 2
Serial control register_0 SCR_0 8 HFDB2 SCI_0 8 2
Transmit data register_0 TDR_O 8 H'FDB3 SCI_0 8 2
Serial status register_0 SSR_0 8 H'FDB4 SCI_0 8 2
Receive data register_0 RDR_0 8 HFDB5 SCI_0 8 2
Serial interface mode register 0 SCMR_0 8 HFDB6 SCI_0 8 2
Serial mode register_1 SMR_A1 8 HFDB8 SCI_1 8 2
Bit rate register_1 BRR_1 8 H'FDB9 SCI_1 8 2
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Number of
Number Data Bus Access
Register Name Abbreviation of Bits Address Module Width States
Serial control register_1 SCR_1 8 H'FDBA SCI_1 8 2
Transmit data register_1 TDR_1 8 H'FDBB SCI_1 8 2
Serial status register_1 SSR_1 8 HFDBC SCI_1 8 2
Receive data register_1 RDR_1 8 HFDBD SCI_1 8 2
Serial interface mode register_1  SCMR_1 8 HFDBE SCI_1 8 2
Serial mode register_2 SMR_2 8 HFDCO SCI_2 8 2
Bit rate register_2 BRR_2 8 HFDC1 SCI_2 8 2
Serial control register_2 SCR_2 8 HFDC2 SCI_2 8 2
Transmit data register_2 TDR_2 8 H'FDC3 SCI_2 8 2
Serial status register_2 SSR_2 8 HFDC4 SCI_2 8 2
Receive data register_2 RDR_2 8 HFDC5 SCI_2 8 2
Serial interface mode register 2 SCMR_2 8 H'FDC6 SCI_2 8 2
Serial mode register_3 SMR_3 8 H'FDC8 SCI_3 8 2
Bit rate register_3 BRR_3 8 HFDC9 SCI_3 8 2
Serial control register_3 SCR_3 8 HFDCA SCI_3 8 2
Transmit data register_3 TDR_3 8 H'FDCB SCI_3 8 2
Serial status register_3 SSR_3 8 H'FDCC SCI_3 8 2
Receive data register_3 RDR_3 8 HFDCD SCI_3 8 2
Serial interface mode register 3 SCMR_3 8 HFDCE SCI_3 8 2
Serial mode register_4 SMR_4 8 H'FDDO SCI_4 8 2
Bit rate register_4 BRR_4 8 H'FDD1 SCI_4 8 2
Serial control register_4 SCR_4 8 HFDD2 SCI_4 8 2
Transmit data register_4 TDR_4 8 H'FDD3 SCI_4 8 2
Serial status register_4 SSR_4 8 H'FDD4 SCI_4 8 2
Receive data register_4 RDR_4 8 H'FDD5 SCI_4 8 2
Serial interface mode register 4 SCMR_4 8 H'FDD6 SCI_4 8 2
A/D data register A ADDRA 16 H'FDEO A/D 16 2
A/D data register B ADDRB 16 H'FDE2 A/D 16 2
A/D data register C ADDRC 16 H'FDE4 A/D 16 2
A/D data register D ADDRD 16 H'FDE6 A/D 16 2
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Number of
Number Data Bus Access

Register Name Abbreviation of Bits Address Module Width States
A/D data register E ADDRE 16 H'FDE8 A/D 16 2
A/D data register F ADDRF 16 HFDEA A/D 16 2
A/D data register G ADDRG 16 HFDEC A/D 16 2
A/D data register H ADDRH 16 H'FDEE A/D 16 2
A/D control/status register ADCSR 8 H'FDFO A/D 16 2
A/D control register ADCR 8 HFDF1  A/D 16 2
Input capture register TWICR 8 H'FDF8  Duty 16 2

measure-

ment

circuit
Free-running counter TWCNT 8 H'FDF9  Duty 16 2

measure-

ment

circuit
Duty measurement control TWCR1 8 H'FDFA  Duty 16 2
register 1 measure-

ment

circuit
Duty measurement control TWCR2 8 H'FDFB  Duty 16 2
register 2 measure-

ment

circuit
Timer interrupt enable register_ 0 FR_TIER_0* 8 H'FEOO  FRT_O 16 2
Timer control/status register_0 TCSR_0 8 H'FEO1 FRT_O 16 2
Free-running counter_0 FRC_O 16 H'FEO2  FRT_O 16 2
Output compare register A_0 OCRA_O 16 H'FEO4  FRT_O 16 2
Output compare register B_0 OCRB_0 16 HFE04 FRT_O 16 2
Timer control register_0 FR_TCR_0* 8 H'FEO6  FRT_O 16 2
Timer output compare control TOCR_0 8 H'FEO7 FRT_O 16 2
register_0
Input capture register A_0 ICRA_O 16 H'FEO8 FRT_O 16 2
Output compare register AR_0 OCRAR_O 16 H'FEO8 FRT_O 16 2
Input capture register B_0 ICRB_0 16 H'FEOA  FRT_O 16 2
Output compare register AF_0 OCRAF_0 16 H'FEOA  FRT_O 16 2
Input capture register C_0 ICRC_0 16 H'FEOC FRT_O 16 2
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Number of
Number Data Bus Access

Register Name Abbreviation of Bits Address Module Width States
Output compare register DM_0  OCRDM_0 16 HFEOC FRT_O 16 2
Input capture register D_0 ICRD_O 16 H'FEOE FRT_O 16 2
Timer control register X_0 TCRX_0 8 HFE10 TMRX_0 8 2
Timer control/status register X_ 0 TCSRX_0 8 HFE11 TMRX_0 8 2
Input capture register R_0 TICRR_O 8 HFE12 TMRX_0 8 2
Input capture register F_0 TICRF_O 8 HFE13 TMRX_0 8 2
Timer counter X_0 TCNTX_O 8 HFE14 TMRX_0 8 2
Time constant register C_0 TCORC_O0 8 HFE15 TMRX_0 8 2
Timer constant register AX_0 TCORAX_ 0 8 HFE16 TMRX_0 8 2
Timer constant register BX_0 TCORBX_0 8 HFE17 TMRX_0 8 2
Timer control register 0_0 TCRO_0 8 H'FE18 TMRO1_0 16 2
Timer control register 1_0 TCR1_0 8 HFE19 TMRO1_0 16 2
Timer control/status register 0_0 TCSRO0_0 8 HFE1A TMRO1_0 16 2
Timer control/status register 1_0 TCSR1_0 8 HFE1B TMRO1_0 16 2
Time constant register AO_0 TCORAO_O 8 HFE1C TMRO1_0 16 2
Time constant register A1_0 TCORA1_0 8 HFE1D TMRO1_0 16 2
Time constant register BO_0 TCORBO_O 8 HFE1E TMRO1_0 16 2
Time constant register B1_0 TCORB1_0 8 H'FE1F TMRO1_0 16 2
Timer counter 0_0 TCNTO_O 8 HFE20 TMRO1_0 16 2
Timer counter 1_0 TCNT1_0 8 HFE21 TMRO1_0 16 2
Timer connection register |_0 TCONRI_O 8 H'FE24  Timer 8 2

connection

_0
Timer connection register O_0 TCONRO_O 8 HFE25  Timer 8 2

connection

_0
Timer connection register S_0 TCONRS_O0 8 HFE26  Timer 8 2

connection

_0
Edge sense register_0 SEDGR_0 8 HFE27  Timer 8 2

connection

_0
Timer control register Y_0 TCRY_O 8 HFE28 TMRY_O0 8 2
Timer control/status register Y_0 TCSRY_O 8 HFE29 TMRY_O0 8 3
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Number of
Number Data Bus Access

Register Name Abbreviation of Bits Address Module Width States
Time constant register AY_0 TCORAY_O0O 8 HFE2A TMRY_O0 8 2
Time constant register BY_0 TCORBY_O 8 HFE2B TMRY_O0 8 2
Timer counter Y_O TCNTY_O 8 HFE2C TMRY_0 8 2
Timer input select register_0 TISR_O 8 HFE2D TMRY_O0 8 2
Timer interrupt enable register_1 FR_TIER_1* 8 HFE30 FRT_1 16 2
Timer control/status register_1 TCSR_1 8 H'FE31 FRT_1 16 2
Free-running counter_1 FRC_1 16 H'FE32 FRT_A1 16 2
Output compare register A_1 OCRA_1 16 HFE34 FRT_1 16 2
Output compare register B_1 OCRB_1 16 H'FE34  FRT_1 16 2
Timer control register_1 FR_TCR_1* 8 H'FE36  FRT_1 16 2
Timer output compare control TOCR_1 8 HFE37 FRT_1 16 2
register_1

Input capture register A_1 ICRA_1 16 H'FE38 FRT_1 16 2
Output compare register AR_1 OCRAR_1 16 HFE38 FRT_1 16 2
Input capture register B_1 ICRB_1 16 H'FE3A  FRT_1 16 2
Output compare register AF_1 OCRAF_1 16 HFE3A FRT_1 16 2
Input capture register C_1 ICRC_1 16 H'FE3C FRT_1 16 2
Output compare register DM_1 ~ OCRDM_1 16 H'FE3C FRT_1 16 2
Input capture register D_1 ICRD_1 16 H'FE3E FRT_1 16 2
Timer control register X_1 TCRX_1 8 H'FE40 TMRX_1 8 2
Timer control/status register X_1 TCSRX_1 8 HFE41 TMRX_1 8 2
Input capture register R_1 TICRR_1 8 HFE42 TMRX_1 8 2
Input capture register F_1 TICRF_1 8 H'FE43 TMRX_1 8 2
Timer counter X_1 TCNTX_1 8 HFE44 TMRX_1 8 2
Time constant register C_1 TCORC_1 8 HFE45 TMRX_1 8 2
Time constant register AX_1 TCORAX_1 8 HFE46 TMRX_1 8 2
Time constant register BX_1 TCORBX_1 8 HFE47 TMRX_1 8 2
Timer control register 0_1 TCRO_A1 8 H'FE48 TMRO1_1 16 2
Timer control register 1_1 TCR1_1 8 HFE49 TMRO1_1 16 4
Timer control/status register 0_1 TCSRO0_1 8 HFE4A TMRO1_1 16 4
Timer control/status register 1_1 TCSR1_1 8 HFE4B TMRO1_1 16 2
Time constant register AO_1 TCORAO_1 8 HFE4C TMRO1_1 16 2
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Number of
Number Data Bus Access
Register Name Abbreviation of Bits Address Module Width States
Time constant register A1_1 TCORA1_1 8 H'FE4D TMRO1_1 16 2
Time constant register BO_1 TCORBO_1 8 HFE4E TMRO1_1 16 2
Time constant register B1_1 TCORB1_1 8 H'FE4F TMRO1_1 16 2
Timer counter 0_1 TCNTO_1 8 HFE50 TMRO1_1 16 2
Timer counter 1_1 TCNT1_1 8 H'FE51 TMRO1_1 16 2
Timer connection register |_1 TCONRI_1 8 H'FE54  Timer 8 2
connection
1
Timer connection register O_1 TCONRO_1 8 H'FE55  Timer 8 2
connection
1
Timer connection register S_1 TCONRS_1 8 H'FE56  Timer 8 2
connection
1
Edge sense register_1 SEDGR_1 8 H'FE57  Timer 8 2
connection
1
Timer control register Y_1 TCRY_A1 8 H'FES8 TMRY_1 8 2
Timer control/status register Y_1 TCSRY_1 8 HFE59 TMRY_1 8 2
Time constant register AY_1 TCORAY_1 8 HFE5A TMRY_1 8 2
Time constant register BY_1 TCORBY_1 8 HFE5B TMRY_1 8 2
Timer counter Y_1 TCNTY_1 8 HFE5C TMRY_1 8 2
Timer input select register_1 TISR_1 8 HFESD TMRY_1 8 2
Flash code control/status register FCCS 8 HFD9B  Flash 8 2
memory
Flash program code select FPCS 8 H'FE91 Flash 8 2
register memory
Flash erase code select register FECS 8 HFE92  Flash 8 2
memory
Flash key code register FKEY 8 HFE94  Flash 8 2
memory
Flash MAT select register FMATS 8 H'FE95  Flash 8 2
memory
Flash transfer destination FTDAR 8 H'FE96  Flash 8 2
address register memory
Mode control register MDCR 8 HFEBO SYSTEM 8 2
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Number of

Number Data Bus Access
Register Name Abbreviation of Bits Address Module Width States
System control register SYSCR 8 HFEB1 SYSTEM 8 2
Standby control register SBYCR 8 HFEB2 SYSTEM 8 2
System clock control register SCKCR 8 HFEB3 SYSTEM 8 2
Module stop control register H MSTPCRH 8 HFEB4 SYSTEM 8 2
Module stop control register L MSTPCRL 8 HFEB5 SYSTEM 8 2
Extension module stop control EXMSTPCRH 8 HFEB6 SYSTEM 8 2
register H
Extension module stop control EXMSTPCRL 8 H'FEB7 SYSTEM 8 2
register L
Timer extended control register  TECR 8 H'FEB8 SYSTEM 8 2
Port register 0 PORTO 8 H'FECO PORT 8 2
Port register 1 PORT1 8 HFEC1 PORT 8 2
Port register 2 PORT2 8 HFEC2 PORT 8 2
Port register 3 PORT3 8 HFEC3 PORT 8 2
Port register 4 PORT4 8 HFEC4 PORT 8 2
Port register 5 PORT5 8 HFEC5 PORT 8 2
Port register 6 PORT6 8 HFEC6 PORT 8 2
Port register 7 PORT7 8 HFEC7 PORT 8 2
Port register 8 PORTS8 8 HFEC8 PORT 8 2
Port register 9 PORT9 8 HFEC9 PORT 8 2
Port register A PORTA 8 HFECA PORT 8 2
Port register B PORTB 8 HFECB PORT 8 2
Port register C PORTC 8 H'FECC PORT 8 2
Port 1 data register P1DR 8 HFED1  PORT 8 2
Port 2 data register P2DR 8 HFED2 PORT 8 2
Port 3 data register P3DR 8 HFED3 PORT 8 2
Port 4 data register P4DR 8 HFED4 PORT 8 2
Port 5 data register P5DR 8 H'FED5 PORT 8 2
Port 6 data register P6DR 8 HFED6 PORT 8 2
Port 8 data register P8DR 8 HFED8 PORT 8 2
Port 9 data register P9DR 8 HFED9 PORT 8 2
Port A data register PADR 8 H'FEDA PORT 8 2
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Number of
Number Data Bus Access
Register Name Abbreviation of Bits Address Module Width States
Port B data register PBDR 8 HFEDB PORT 8 2
Port C data register PCDR 8 H'FEDC PORT 8 2
Port 1 data direction register P1DDR 8 HFEE1  PORT 8 2
Port 2 data direction register P2DDR 8 HFEE2 PORT 8 2
Port 3 data direction register P3DDR 8 H'FEE3 PORT 8 2
Port 4 data direction register P4DDR 8 HFEE4 PORT 8 2
Port 5 data direction register P5DDR 8 H'FEE5 PORT 8 2
Port 6 data direction register P6DDR 8 H'FEE6  PORT 8 2
Port 8 data direction register P8DDR 8 H'FEE8 PORT 8 2
Port 9 data direction register PODDR 8 HFEE9 PORT 8 2
Port A data direction register PADDR 8 HFEEA PORT 8 2
Port B data direction register PBDDR 8 HFEEB PORT 8 2
Port C data direction register PCDDR 8 HFEEC PORT 8 2
Port 1 pull-up MOS control P1PCR 8 H'FEFO  PORT 8 2
register
Port 2 pull-up MOS control P2PCR 8 HFEF1  PORT 8 2
register
Port 3 pull-up MOS control P3PCR 8 H'FEF2 PORT 8 2
register
Port 6 pull-up MOS control P6PCR 8 HFEF3  PORT 8 2
register
Port 6 open-drain control register P60ODR 8 HFEF4  PORT 8 2
Port function control register PFCR 8 HFEF8 PORT 8 2
Port control register 0 PTCNTO 8 HFEFA  PORT 8 2
Port control register 1 PTCNT1 8 HFEFB PORT 8 2
Port control register 2 PTCNT2 8 HFEFC PORT 8 2
I’C bus control register A_0 ICCRA_O 8 H'FF80  1IC3_0 8 2
I’C bus control register B_0 ICCRB_0 8 H'FF81  11C3_0 8 2
I’C bus mode register_0 ICMR_0 8 H'FF82  1IC3_0 8 2
I’C bus interrupt enable ICIER_O 8 HFF83  1IC3_0 8 2
register_0
I’C bus status register_0 ICSR_0 8 H'FF84  11C3_0 8 2
Slave address register_0 SAR_O 8 HFF85 1IC3_0 8 2
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Number Data Bus Access
Register Name Abbreviation of Bits Address Module Width States
I’C transmit data register_0 ICDRT_0 8 HFF86  1IC3_0 8 2
I’C receive data register_0 ICDRR_O 8 HFF87  11IC3_0 8 2
I’C bus control register A_1 ICCRA_1 8 HFF88  1IC3_1 8 2
I’C bus control register B_1 ICCRB_1 8 HFF89  1IC3_1 8 2
I’C bus mode register_1 ICMR_1 8 H'FF8A  1IC3_1 8 2
I’C bus interrupt enable ICIER_1 8 HFF8B  1IC3_1 8 2
register_1
I’C bus status register_1 ICSR_1 8 H'FF8C  11C3_1 8 2
Slave address register_1 SAR_1 8 HFF8D  1IC3_1 8 2
I’C transmit data register_1 ICDRT_1 8 HFF8E  1IC3_1 8 2
I’C receive data register_1 ICDRR_1 8 HFF8F  1IC3_1 8 2
I’C status register A_0 ICSRA_O 8 HFF90  1IC3_0 8 2
Slave address register A_0 SARA_O 8 H'FF91 1IC3_0 8 2
Slave address register B_0 SARB_0 8 HFF92  1IC3_0 8 2
Slave address mask register 0 SAMR_0 8 HFF93  1IC3_0 8 2
I’C status register A_1 ICSRA_1 8 HFF94  1IC3_1 8 2
Slave address register A_1 SARA_1 8 H'FF95  11C3_1 8 2
Slave address register B_1 SARB_1 8 HFF96  1IC3_1 8 2
Slave address mask register_1 SAMR_1 8 HFF97  1IC3_1 8 2
I’C bus control register A_2 ICCRA_2 8 H'FF98  1IC3_2 8 2
I’C bus control register B_2 ICCRB_2 8 HFF99  1IC3_2 8 2
I’C bus mode register_2 ICMR_2 8 HFF9A  1IC3_2 8 2
I’C bus interrupt enable ICIER_2 8 HFF9B  1IC3_2 8 2
register_2
I’C bus status register_2 ICSR_2 8 H'FFOC  1IC3_2 8 2
Slave address register_2 SAR_2 8 HFF9D  1IC3_2 8 2
I’C transmit data register_2 ICDRT_2 8 HFF9E  1IC3_2 8 2
I’C receive data register_2 ICDRR_2 8 HFF9F  1IC3_2 8 2
I’C bus control register A_3 ICCRA_3 8 H'FFAO 11C3_3 8 2
I’C bus control register B_3 ICCRB_3 8 H'FFA1  11IC3_3 8 2
I’C bus mode register_3 ICMR_3 8 HFFA2  1IC3_3 8 2
I’C bus interrupt enable ICIER_3 8 H'FFA3 1IC3_3 8 2
register_3
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I’C bus status register_3 ICSR_3 8 HFFA4  11IC3_3 8 2
Slave address register_3 SAR_3 8 HFFA5  11IC3_3 8 2
I’C transmit data register_3 ICDRT_3 8 HFFA6  1IC3_3 8 2
I’C receive data register_3 ICDRR_3 8 HFFA7  1IC3_3 8 2
I’C status register A_2 ICSRA_2 8 H'FFA8  1IC3_2 8 2
Slave address register A_2 SARA_2 8 HFFA9  1IC3_2 8 2
Slave address register B_2 SARB_2 8 HFFAA 1IC3_2 8 2
Slave address mask register_ 2 ~ SAMR_2 8 HFFAB 1IC3_2 8 2
I’C status register A_3 ICSRA_3 8 H'FFAC 1IC3_3 8 2
Slave address register A_3 SARA_3 8 HFFAD 1IC3_3 8 2
Slave address register B_3 SARB_3 8 HFFAE 1IC3_3 8 2
Slave address mask register 3  SAMR_3 8 HFFAF  1IC3_3 8 2
Bus control register BCR 8 HFFBO BSC 8 2
Area control register A1 BCRA1 8 H'FFB1 BSC 8 2
Area control register A2 BCRA2 8 HFFB2 BSC 8 2
Area control register A3 BCRA3 8 HFFB3 BSC 8 2
Timer counter TCNT 16 HFFBC WDT 16 2
(Write)
Timer counter TCNT 8 HFFBD WDT 16 2
(Read)
Timer control/status register TCSR 16 HFFBC WDT 16 2
(Write)
Timer control/status register TCSR 8 HFFBC WDT 16 2
(Read)
Peripheral clock select register PCSR 8 HFFCO PWM 8 2
PWM output enable register PWOER 8 HFFC3 PWM 8 2
PWM data polarity register PWDPR 8 HFFC5 PWM 8 2
PWM register select PWSL 8 HFFC6 PWM 8 2
PWM data registers 7 to 0 PWDR?7 to 8 HFFC7 PWM 8 2
PWDRO
PWMX (D/A) data register A DADRA 16 HFFC8 PWMX 8 4
PWMX (D/A) control register DACR 8 HFFC8 PWMX 8 2
PWMX (D/A) data register B DADRB 16 HFFCA PWMX 8 4
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PWMX (D/A) counter H DACNTH 8 HFFCA PWMX 8 4
PWMX (D/A) counter L DACNTL 8 H'FFCA PWMX 8 4
Timer start register TSTR 8 HFFCC TPU 16 2
common
Timer synchro register TSYR 8 HFFCD TPU 16 2
common
Timer control register_0 TCR_O 8 HFFDO TPU_O 16 2
Timer mode register_0 TMDR_O 8 H'FFD1  TPU_O 16 2
Timer 1/O control register H_0 TIORH_O 8 HFFD2 TPU_O 16 2
Timer 1/O control register L_0 TIORL_O 8 HFFD3 TPU_O 16 2
Timer interrupt enable register_ 0 TIER_O 8 H'FFD4 TPU_O 16 2
Timer status register_0 TSR_0 8 HFFD5 TPU_O 16 2
Timer counter_0 TCNT_O 16 HFFD6é  TPU_O 16 2
Timer general register A_O TGRA_O 16 HFFD8 TPU_O 16 2
Timer general register B_0 TGRB_0 16 HFFDA TPU_O 16 2
Timer general register C_0 TGRC_0 16 HFFDC TPU_O 16 2
Timer general register D_0 TGRD_0 16 HFFDE TPU_O 16 2
Timer control register_1 TCR_1 8 H'FFEO  TPU_1 16 2
Timer mode register_1 TMDR_1 8 H'FFE1 TPU_1 16 2
Timer 1/O control register_1 TIOR_1 8 HFFE2 TPU_1 16 2
Timer interrupt enable register_1 TIER_1 8 H'FFE4  TPU_1 16 2
Timer status register_1 TSR_1 8 HFFE5 TPU_1 16 2
Timer counter_1 TCNT_1 16 HFFE6  TPU_1 16 2
Timer general register A_1 TGRA_1 16 HFFE8 TPU_A1 16 2
Timer general register B_1 TGRB_1 16 H'FFEA  TPU_1 16 2
Timer control register_2 TCR_2 8 HFFFO  TPU_2 16 2
Timer mode register_2 TMDR_2 8 H'FFF1 TPU_2 16 2
Timer 1/O control register_2 TIOR_2 8 HFFF2  TPU_2 16 2
Timer interrupt enable register_2 TIER_2 8 HFFF4  TPU_2 16 2
Timer status register_2 TSR_2 8 H'FFF5  TPU_2 16 2
Timer counter_2 TCNT_2 16 HFFF6  TPU_2 16 2
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Number of
Number Data Bus Access
Register Name Abbreviation of Bits Address Module Width States
Timer general register A_2 TGRA_2 16 HFFF8  TPU_2 16 2
Timer general register B_2 TGRB_2 16 HFFFA TPU_2 16 2

Note: * To classify the same name registers of the other timers, “FR” are added to the
abbreviations.

Rev.2.00 May. 28, 2009 Page 673 of 732
RENESAS REJ09B0059-0200



Section 23 List of Registers

23.2  Register Bits

Register addresses and bit names of the on-chip peripheral modules are described below.

Each line covers eight bits, so 16-bit registers are shown as 2 lines.

Register
Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
IPRA — IPRA14 IPRA13 IPRA12 — IPRA10 IPRA9 IPRA8 Interrupt
— IPRA6 IPRA5S IPRA4 — IPRA2 IPRA1 IPRAO
IPRB — IPRB14 IPRB13 IPRB12 — IPRB10 IPRB9 IPRB8
— IPRB6 IPRB5 IPRB4 — IPRB2 IPRB1 IPRBO
IPRC — IPRC14 IPRC13 IPRC12 — IPRC10 IPRC9 IPRC8
— IPRC6 IPRC5 IPRC4 — IPRC2 IPRC1 IPRCO
IPRD — IPRD14 IPRD13 IPRD12 — IPRD10 IPRD9 IPRD8
— IPRD6 IPRD5 IPRD4 — IPRD2 IPRD1 IPRDO
IPRE — IPRE14 IPRE13 IPRE12 — IPRE10 IPRE9 IPRES8
— IPRE6 IPRES IPRE4 — IPRE2 IPRE1 IPREO
IPRF — IPRF14 IPRF13 IPRF12 — IPRF10 IPRF9 IPRF8
— IPRF6 IPRF5 IPRF4 — IPRF2 IPRF1 IPRFO
IPRG — IPRG14 IPRG13 IPRG12 — IPRG10 IPRG9 IPRG8
— IPRG6 IPRG5 IPRG4 — IPRG2 IPRGH1 IPRGO
IPRH — IPRH14 IPRH13 IPRH12 — IPRH10 IPRH9 IPRH8
— IPRH6 IPRH5 IPRH4 — IPRH2 IPRH1 IPRHO
IPRI — IPRI14 IPRI13 IPRI12 — IPRI10 IPRI9 IPRI8
— IPRI6 IPRI5 IPRI4 — IPRI2 IPRI1 IPRIO
IPRJ — IPRJ14 IPRJ13 IPRJ12 — IPRJ10 IPRJ9 IPRJ8
— IPRJ6 IPRJ5S IPRJ4 — IPRJ2 IPRJ1 IPRJO
IPRK — IPRK14 IPRK13 IPRK12 — IPRK10 IPRK9 IPRK8
— IPRK6 IPRK5 IPRK4 — IPRK2 IPRK1 IPRKO
ISCR IRQ7SCB IRQ7SCA IRQ6SCB IRQ6SCA IRQ5SCB IRQ5SCA IRQ4SCB  IRQ4SCA
IRQ3SCB IRQ3SCA IRQ2SCB IRQ2SCA IRQ1SCB IRQ1SCA IRQOSCB IRQOSCA
SSIER SSI7 SSl6 SSI5 SSl4 SSI3 SSI2 SSH SSlo
INTCR — — INTM1 INTMO NMIEG — — —
IER IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IRQOE
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Register

Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
ISR IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF Interrupt
SMR_0 C/A CHR PE OE STOP MP CKS1 CKSo0 SCI_0
BRR_0 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

SCR_0 TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_O bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

SSR_0 TDRE RDRF ORER FER PER TEND MPB MPBT

RDR_0 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

SCMR_0 — — — — SDIR SINV — —

SMR_1 C/A CHR PE O STOP MP CKSH1 CKS0 SCI_1
BRR_1 bit7 bité bits bit4 bit3 bit2 bit1 bit0

SCR_1 TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_1 bit7 bité bits bit4 bit3 bit2 bit1 bit0

SSR_1 TDRE RDRF ORER FER PER TEND MPB MPBT

RDR_1 bit7 bité bits bit4 bit3 bit2 bit1 bit0

SCMR_1 — — — — SDIR SINV — —

SMR_2 C/A CHR PE O STOP MP CKSH1 CKS0 SCl_2
BRR_2 bit7 bité bits bit4 bit3 bit2 bit1 bit0

SCR_2 TIE RIE TE RE MPIE TEIE CKEH1 CKEO

TDR_2 bit7 bité bits bit4 bit3 bit2 bit1 bit0

SSR_2 TDRE RDRF ORER FER PER TEND MPB MPBT

RDR_2 bit7 bité bits bit4 bit3 bit2 bit1 bit0

SCMR_2 — — — — SDIR SINV — —

SMR_3 C/A CHR PE O STOP MP CKS1 CKS0 SCI_3
BRR_3 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

SCR_3 TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_3 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

SSR_3 TDRE RDRF ORER FER PER TEND MPB MPBT

RDR_3 bit7 bité bits bit4 bit3 bit2 bit1 bit0

SCMR_3 — — — — SDIR SINV — —

SMR_4 C/A CHR PE OE STOP MP CKS1 CKS0 SCl_4
BRR_4 bit7 bité bits bit4 bit3 bit2 bit1 bit0

SCR_4 TIE RIE TE RE MPIE TEIE CKE1 CKEO
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Register
Abbreviation Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TDR_4 bit7 bit6 bits bit4 bit3 bit2 bit1 bito sCl_4
SSR_4 TDRE  RDRF  ORER  FER PER TEND  MPB MPBT
RDR_4 bit7 bit6 bits bit4 bit3 bit2 bit1 bito
SCMR_4 — — — — SDIR SINV — —
ADDRA AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AD
AD1 ADO o o o o o o converter
ADDRB AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRC AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRD AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRE AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRF AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRG AD9 ADS AD7 ADS6 AD5 AD4 AD3 AD2
AD1 ADO — — — _ _ _
ADDRG AD9 ADS AD7 ADS6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADCSR ADF ADIE ADST  — CH3 CH2 CH1 CHO
ADCR TRGST TRGSO SCANE SCANS  CKSi cKso  — —
TWICR bit7 bit bits bit4 bit3 bit2 bit1 bito Duty
TWCNT bit7 bit6 bit5 bit4 bit3 bit2 bit1 bito measure-
ment circuit
TWCR1 FRC — CcKs2 CKs1 CKSO0 Is2 I1s1 IS0
TWCR2 ENDIE  OVIE ENDF  OVF — — — START
FR_TIER_O* ICIAE ICIBE ICICE ICIDE OCIAE  OCIBE  OVIE — FRT_O
TCSR_0 ICFA ICFB ICFC ICFD OCFA  OCFB  OVF CCLRA
FRC_0 bit15 bit14 bit13 bit12 bit11 bit10 bito bit
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
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Register
Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
OCRA_0 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 FRT_O
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
OCRB_0 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
bit7 bité bits bit4 bit3 bit2 bit1 bit0
FR_TCR_0* IEDGA IEDGB IEDGC IEDGD BUFEA BUFEB CKSH1 CKS0
TOCR_0 ICRDMS OCRAMS ICRS OCRS OEA OEB OLVLA OLVLB
ICRA_O bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
bit7 bité bits bit4 bit3 bit2 bit1 bit0
OCRAR_O bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitd
ICRB_0 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitd
OCRAF_0 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitd
ICRC_0 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
bit7 bité bits bit4 bit3 bit2 bit1 bit0
OCRDM_0 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
bit7 bité bits bit4 bit3 bit2 bit1 bit0
ICRD_0 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
bit7 bité bits bit4 bit3 bit2 bit1 bit0
TCRX_0 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKSH1 CKS0 TMRX_0
TCSRX_0 CMFB CMFA OVF ICF 0S3 082 0OS1 0Sso
TICRR_0 bit7 bité bits bit4 bit3 bit2 bit1 bit0
TICRF_0 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
TCNTX_0 bit7 bité bits bit4 bit3 bit2 bit1 bit0
TCORC_0 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
TCORAX_0 bit7 bité bit5 bit4 bit3 bit2 bit1 bito
TCORBX_0 bit7 bité bits bit4 bit3 bit2 bit1 bit0
TCRO_0 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKSH1 CKS0 TMRO1_0
TCR1_0 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKSH1 CKS0
TCSRO0_0 CMFB CMFA OVF ADTE 0S3 0Ss2 0O8S1 0Sso
TCSR1_0 CMFB CMFA OVF — 0S3 0Ss2 0OS1 0Sso
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Register
Abbreviation Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TCORAO_O  bit7 bit bits bit4 bit3 bit2 bit1 bito TMRO1_0
TCORA1O  bit7 bit bits bit4 bit3 bit2 bit1 bito
TCORBOO  bit7 bit bits bit4 bit3 bit2 bit1 bito
TCORB1.0  bit7 bit6 bits bit4 bit3 bit2 bit1 bito
TCNTO_0 bit7 bit bits bit4 bit3 bit2 bit1 bito
TCNT1_0 bit7 bit bits bit4 bit3 bit2 bit1 bito
TCONRLO  SIMOD1 SIMODO SCONE  ICST HEINV  VFINV  HIINV VINV  Timer
TCONRO_O  HOE VOE CLOE CBOE  HOINV  VOINV  CLOINV  CBOINV CZ””eC“O”
TCONRS_O — ISGENE HOMOD1 HOMODO VOMOD! VOMODO CLMOD1 CLMODO
SEDGR.O  VEDG  HEDG CEDG  HFEDG VFEDG PREQF  IHI VI
TCRY_0 CMIEB  CMIEA  OVEE CCLR1  CCLRO  CKS2 CKs1 CKSO  TMRY_O
TGSRY_0 CMFB  CMFA  OVF ICIE 0s3 0s2 0s1 050
TCORAY_0  bit7 bit6 bits bit4 bit3 bit2 bit1 bito
TCORBY_ 0  bit7 bit bits bit4 bit3 bit2 bit1 bito
TCNTY_O bit7 bits bits bit4 bit3 bit2 bit1 bito
TISR_0 — — — — — — — s
FR_TIER_1* ICIAE ICIBE ICICE ICIDE OCIAE  OCIBE  OVIE — FRT_1
TCSR_1 ICFA ICFB ICFC ICFD OCFA  OCFB  OVF CCLRA
FRC_1 bit15 bit14 bit13 bit12 bit11 bit10 bito bit
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
OCRA_1 bit15 bit14 bit13 bit12 bit11 bit10 bito bits
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
OCRB_1 bit15 bit14 bit13 bit12 bit11 bit10 bito bits
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
FRTCR_1* IEDGA  IEDGB  I[EDGC  IEDGD  BUFEA  BUFEB  CKSi CKSO0
TOCR_1 ICRDMS OCRAMS ICRS OCRS  OEA OEB OLVLA  OLVLB
ICRA_1 bit15 bit14 bit13 bit12 bit1 1 bit10 bito bit
bit7 bit bits bitd bit3 bit2 bit1 bito
OCRAR_1 bit15 bit14 bit13 bit12 bit11 bit10 bito bits
bit7 bit bits bitd bit3 bit2 bit1 bito
ICRB_1 bit15 bit14 bit13 bit12 bit1 1 bit10 bito bit
bit7 bit bits bitd bit3 bit2 bit1 bito
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Register
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
OCRAF_1  bitl5 bit14 bit13 bit12 bit11 bit10 bito bitg FRT_1
bit7 bit6 bits bitd bit3 bit2 bitt bito
ICRC_1 bitt5 bit14 bit13 bit12 bit11 bit10 bito bitg
bit7 bit6 bits bitd bit3 bit2 bitt bito
OCRDM_1  bit15 bit14 bit13 bit12 bit11 bit10 bito bitg
bit7 bit6 bits bitd bit3 bit2 bitt bito
ICRD_1 bitt5 bit14 bit13 bit12 bit11 bit10 bito bits
bit7 bit6 bits bitd bit3 bit2 bitt bito
TCRX_1 CMIEB  CMIEA OVIE  CCLR1 CCLRO CKS2 ~ CKS1  CKSO  TMRX_f
TCSRX_.1 ~ CMFB  CMFA  OVF ICF 0s3 os2 os1 080
TICRR_1 bit7 bit6 bits bitd bit3 bit2 bitt bito
TICRF_1 bit7 bit6 bits bitd bit3 bit2 bitt bito
TONTX_1  bit7 bit6 bits bitd bit3 bit2 bitt bito
TCORC_1  bit7 bit6 bits bitd bit3 bit2 bitt bito
TCORAX_1  bit7 bit6 bits bitd bit3 bit2 bitt bito
TCORBX_1  bit7 bit6 bits bitd bit3 bit2 bitt bito
TCRO_1 CMIEB  CMIEA OVIE  CCLRT CCLRO CKS2  CKS1  CKSO  TMRO1_tf
TCR1_1 CMIEB  CMIEA OVIE  CCLR1 CCLRO CKS2  CKS1  CKSO
TCSRO_1 ~ CMFB  CMFA  OVF ADTE  0S3 os2 ost 080
TCSR1_1 ~ CMFB  CMFA  OVF — 0s3 os2 ost 0s0
TCORAO_1  bit7 bit6 bits bitd bit3 bit2 bitt bito
TCORA1_1  bit7 bit6 bits bitd bit3 bit2 bitt bito TMRO1_1
TCORBO_1  bit7 bit6 bits bitd bit3 bit2 bitt bito
TCORB1_1  bit7 bit6 bits bitd bit3 bit2 bitt bito
TONTO_1 bit7 bit6 bits bitd bit3 bit2 bitt bito
TONT1_1 bit7 bit6 bits bitd bit3 bit2 bitt bito
TCONRL1  SIMOD1 SIMODO SCONE  ICST ~ — — HINV.  VINV  Timer
TCONRO_1  — — — — HOINV ~ VOINV — — — 0‘1’"”90“0”
TCONRS_1 ~ TMRX)Y ISGENE HOMOD! HOMODO VOMOD1 VOMODO CLMOD1 CLMODO
SEDGR.1 ~ VEDG  HEDG  CEDG  — — PREDG  IHI Vi
TCRY_1 CMIEB  CMIEA  OVIE  CCLRT CCLRO CKS2 ~ CKS1  CKSO  TMRY_f
TCSRY_1 ~ CMFB  CMFA  OVF ICIE 0s3 os2 0s1 0S0

Rev.2.00 May. 28, 2009 Page 679 of 732
RENESAS REJ09B0059-0200



Section 23 List of Registers

Register

Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Module
TCORAY_1 bit7 bité bits bit4 bit3 bit2 bit1 bit0 TMRY_1
TCORBY_1 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

TCNTY_A1 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

TISR_1 — — — — — — — IS

Fccs FWE — — FLER  WEINTE — — sco Flash

memory

FPCS — — — — — — — PPVS

FECS — — — — — — EPVB

FKEY K7 K6 K5 K4 K3 K2 K1 KO

FMATS MS7 MS6 MS5 MS4 MS3 MS2 MS1 MSO0

FTDAR TDER TDA6 TDA5 TDA4 TDA3 TDA2 TDA1 TDAO

MDCR EXPE — — — — MDS2 MDS1 MDSO0 System
SYSCR MACS — — — XRST FLASHE — RAME

SBYCR SSBY OPE — — — STS2 STSH STSO

SCKCR PSTOP — — — — SCK2 SCK1 SCKO

MSTPCRH MSTP15 MSTP14 MSTP13 MSTP12 MSTP11 MSTP10 MSTP9 MSTP8

MSTPCRL MSTP7 MSTP6 MSTP5 MSTP4 MSTP3 MSTP2 MSTP1 MSTPO
EXMSTPCRH MSTP31 MSTP30 MSTP29 MSTP28 MSTP27 MSTP26 MSTP25 MSTP24
EXMSTPCRL MSTP23 MSTP22 MSTP21 MSTP20 MSTP19 MSTP18 MSTP17 MSTP16

TECR VS0 HS2 HSH HSO ICKS1_1 ICKSO0_1 ICKS1_0 ICKSO0_0

PORTO P07 P06 P05 P04 P03 P02 P01 P00 Port
PORT1 P17 P16 P15 P14 P13 P12 P11 P10

PORT2 P27 P26 P25 P24 P23 P22 P21 P20

PORT3 P37 P36 P35 P34 P33 P32 P31 P30

PORT4 P47 P46 P45 P44 P43 P42 P41 P40

PORT5 P57 P56 P55 P54 P53 P52 P51 P50

PORT6 P67 P66 P65 P64 P63 P62 P61 P60

PORT7 P77 P76 P75 P74 P73 P72 P71 P70

PORTS8 P87 P86 P85 P84 P83 P82 P81 P80

PORT9 P97 P96 P95 P94 P93 P92 P91 P90

PORTA PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO

PORTB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO

PORTC PC7 PC6 PC5 PC4 PC3 PC2 PCA1 PCO
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Register
Abbreviation  Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
P1DR P17DR  P16DR  P15DR  P14DR  P13DR  P12DR  P11DR  P10DR  Port
P2DR P27DR  P26DR  P25DR  P24DR  P23DR  P22DR P21DR  P20DR
P3DR P37DR  P36DR  P35DR  P34DR  P33DR  P32DR  P31DR  P30DR
PADR P47DR  P46DR  P45DR  P44DR  P43DR  P42DR  P41DR  P40DR
P5DR P57DR  P56DR  P55DR P54DR P53DR P52DR P51DR P50DR
P6DR P67DR  P66DR  P65DR  P64DR  P63DR  P62DR  P61DR  PGODR
P8DR P87DR  P86DR  P85DR  P8s4DR  P83DR  P82DR  PS81DR  PSODR
P9DR P97DR  P96DR  P95DR  P94DR  P93DR  P92DR  P91DR  P90DR
PADR PA7DR  PA6DR  PASDR  PA4DR  PA3DR PA2DR  PAIDR  PAODR
PBDR PB7DR PB6DR PBSDR PB4DR  PB3DR PB2DR PBIDR  PBODR
PCDR — — — — PC3DR PC2DR PCIDR  PCODR
P1DDR Pi7DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P10DDR
P2DDR P27DDR P26DDR  P25DDR  P24DDR  P23DDR  P22DDR  P21DDR  P20DDR
P3DDR P37DDR P36DDR P35DDR P34DDR P33DDR P32DDR P31DDR  P30DDR
P4DDR P47DDR P46DDR P45DDR P44DDR P43DDR P42DDR P41DDR  P40DDR
P5DDR P57DDR P56DDR  P55DDR  P54DDR  P53DDR  P52DDR  P51DDR P50DDR
P6DDR P67DDR P66DDR P65DDR P64DDR P63DDR P62DDR  P61DDR  P60DDR
P8DDR P87DDR P86DDR P85DDR  PS84DDR P83DDR P82DDR P81DDR  PS8ODDR
P9DDR P97DDR P96DDR P95DDR P94DDR P93DDR P92DDR P91DDR  P90DDR
PADDR PA7DDR PA6DDR PASDDR PA4DDR PA3DDR PA2DDR PAIDDR PAODDR
PBDDR PB7DDR PB6DDR PBSDDR PB4DDR PB3DDR PB2DDR PBIDDR  PBODDR
PCDDR - - - - PC3DDR PC2DDR PCIDDR PCODDR
P1PCR P17PCR P16PCR P15PCR P14PCR P13PCR P12PCR P11PCR P10PCR
P2PCR P27PCR  P26PCR  P25PCR  P24PCR  P23PCR  P22PCR  P21PCR  P20PCR
P3PCR P37PCR P36PCR P35PCR P34PCR P33PCR P32PCR  P31PCR  P30PCR
P6PCR P67PCR P66PCR P65PCR P64PCR  P63PCR  P62PCR  P61PCR  PGOPCR
P6ODR P670DR P66ODR P650DR P640ODR P630DR P620DR P61ODR  PGOODR
PFCR — — — CS3E CS2E CS1E LWROE  ASOE
PTCNTO PW7S PW6S PW5S PW4S PW3S PW2S PW1S PWOS
PTCNT1 IRQ7S  IRQ6S  IRQ5S  IRQ4S  IRQ3S  IRQ2S  IRQ1S  IRQOS
PTCNT2 TIOCB2/ TIOCA2S TIOCBi/  TIOCA1S TIOCDO/ TIOCCO/ TIOCBOS TIOCAOS
TCLKDS TCLKCS TCLKBS  TCLKAS
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Register

Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
ICCRA_O ICE RCVD MST TRS CKS3 CKS2 CKS1 CKS0 IIC3_0
ICCRB_0O BBSY SCP SDAO — SCLO — IICRST —

ICMR_0 — WAIT — — BCWP BC2 BC1 BCO

ICIER_O TIE TEIE RIE NAKIE STIE ACKE ACKBR ACKBT

ICSR_0 TDRE TEND RDRF NACKF STOP AL AAS ADZ

SAR_0O SVA6 SVA5 SVA4 SVA3 SVA2 SVA2 SVA1 —

ICDRT_0 ICDRT7 ICDRT6 ICDRT5 ICDRT4 ICDRT3 ICDRT2 ICDRT1 ICDRTO

ICDRR_0 ICDRR7 ICDRR6 ICDRR5 ICDRR4 ICDRR3 ICDRR2 ICDRR1 ICDRRO

ICCRA_1 ICE RCVD MST TRS CKS3 CKS2 CKS1 CKS0 IIC3_1
ICCRB_1 BBSY SCP SDAO — SCLO — IICRST —

ICMR_1 — WAIT — — BCWP BC2 BC1 BCO

ICIER_1 TIE TEIE RIE NAKIE STIE ACKE ACKBR ACKBT

ICSR_1 TDRE TEND RDRF NACKF STOP AL AAS ADZ

SAR_1 SVA6 SVA5 SVA4 SVA3 SVA2 SVA2 SVAT1 —

ICDRT_1 ICDRT7 ICDRT6 ICDRT5 ICDRT4 ICDRT3 ICDRT2 ICDRT1 ICDRTO

ICDRR_1 ICDRR7 ICDRR6 ICDRR5 ICDRR4 ICDRR3 ICDRR2 ICDRR1 ICDRRO

ICSRA_O AASA AASB — — — — — — IIC3_0
SARA_0 SVA6 SVA5 SVA4 SVA3 SVA2 SVAI1 SVAO SARE

SARB_0 SVA6 SVA5 SVA4 SVA3 SVA2 SVAT1 SVAO SARE

SAMR_0 MSA6 MSA5 MSA4 MSA3 MSA2 MSA1 MSAO MTRS

ICSRA_1 AASA AASB — — — — — — IIC3_1
SARA_1 SVA6 SVA5 SVA4 SVA3 SVA2 SVAT1 SVAO SARE

SARB_1 SVA6 SVA5 SVA4 SVA3 SVA2 SVAT1 SVAO SARE

SAMR_1 MSA6 MSA5 MSA4 MSA3 MSA2 MSA1 MSAO MTRS

ICCRA 2 ICE RCVD MST TRS CKS3 CKS2 CKS1 CKS0 IIC3_2
ICCRB_2 BBSY SCP SDAO — SCLO — IICRST —

ICMR_2 — WAIT — — BCWP BC2 BC1 BCO

ICIER_2 TIE TEIE RIE NAKIE STIE ACKE ACKBR ACKBT

ICSR_2 TDRE TEND RDRF NACKF STOP AL AAS ADZ

SAR_2 SVA6 SVA5 SVA4 SVA3 SVA2 SVA2 SVA1 —

ICDRT_2 ICDRT7 ICDRT6 ICDRT5 ICDRT4 ICDRT3 ICDRT2 ICDRT1 ICDRTO

ICDRR_2 ICDRR7 ICDRR6 ICDRR5 ICDRR4 ICDRR3 ICDRR2 ICDRR1 ICDRRO
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Section 23 List of Registers

Register
Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
ICCRA_3 ICE RCVD MST TRS CKS3 CKS2 CKS1 CKS0 IIC3_3
ICCRB_3 BBSY SCP SDAO — SCLO — IICRST —
ICMR_3 — WAIT — — BCWP BC2 BC1 BCO
ICIER_3 TIE TEIE RIE NAKIE STIE ACKE ACKBR ACKBT
ICSR_3 TDRE TEND RDRF NACKF STOP AL AAS ADZ
SAR_3 SVA6 SVA5 SVA4 SVA3 SVA2 SVA2 SVA1 —
ICDRT_3 ICDRT7 ICDRT6 ICDRT5 ICDRT4 ICDRT3 ICDRT2 ICDRT1 ICDRTO
ICDRR_3 ICDRR7 ICDRR6 ICDRR5 ICDRR4 ICDRR3 ICDRR2 ICDRR1 ICDRRO
ICSRA_2 AASA AASB — — — — — — lIC3_2
SARA_2 SVA6 SVA5 SVA4 SVA3 SVA2 SVAT1 SVAO SARE
SARB_2 SVA6 SVA5 SVA4 SVA3 SVA2 SVAI1 SVAO SARE
SAMR_2 MSA6 MSA5 MSA4 MSA3 MSA2 MSA1 MSAO MTRS
ICSRA_3 AASA AASB — — — — — — IIC3_3
SARA_3 SVA6 SVA5 SVA4 SVA3 SVA2 SVAT1 SVAO SARE
SARB_3 SVA6 SVA5 SVA4 SVA3 SVA2 SVAT1 SVAO SARE
SAMR_3 MSA6 MSA5 MSA4 MSA3 MSA2 MSA1 MSAO MTRS
BCR — ICIS — — — — PNCASH ADMXE BSC
BCRA1 ABW1 AST1 PNCCS1 AW1 WMS11 WMS10 WC11 WC10
BCRA2 ABW2 AST2 PNCCS2 Aw2 WMS21 WMS20 WC21 WC20
BCRA3 ABW3 AST3 PNCCS3 AW3 WMS31 WMS30 WC31 WC30
TCNT bit7 bité bits bit4 bit3 bit2 bit1 bit0 WDT
TCSR OVF WTAT TME — RST/NMI  CKS2 CKSH1 CKS0
PCSR PWCKXC PWCKXB PWCKXA — — — PWCKB PWCKA PWM
PWOER OE7 OE6 OE5 OE4 OE3 OE2 OE1 OEO
PWDPR 0s7 0Ss6 0S5 0S4 0S3 0s2 0s1 0so0
PWSL PWCKE PWCKS — — — RS2 RS1 RSO
PWDR?7 to bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
PWDRO
DADRA DA13 DA12 DA11 DA10 DA9 DA8 DA7 DA6 PWMX
DA5 DA4 DA3 DA2 DA1 DAO CFS —
DACR — PWME — — OEB OEA (O] CKS
DADRB DA13 DA12 DA11 DA10 DA9 DA8 DA7 DA6
DA5 DA4 DA3 DA2 DA1 DAO CFS REGS
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Section 23 List of Registers

Register
Abbreviation Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
DACNTH uc? uce ucs ucs ucs uc2 uct uco PWMX
DACNTL ucs uce uc10 ucti uct2 ucts  — REGS
TSTR — — — — — csT2 CSTH CcSTo TPU
TSYR — — — — — SYNC2  SYNC1  SynNco  common
TCR_0 CCLR2 CCLR1  CCLRO CKEG1 CKEGO TPSC2 TPSC1  TPSCO  TPU_O
TMDR_0 — — BFB BFA MD3 MD2 MD1 MDO
TIORH_O I0B3 I0B2 I0B1 I0BO I0A3 10A2 I0A1 I0A0
TIORL_0 IoD3 IoD2 10D1 IoDO loc3 loc2 loC1 loco
TIER_O TTGE  — — TCIEV ~ TGIED TGIEC  TGIEB  TGIEA
TSR_0 — — — TCFV TGFD  TGFC  TGFB  TGFA
TCNT_0 bit15 bit14 bit13 bit12 bit11 bit10 bito bit
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
TGRA_O bit15 bit14 bit13 bit12 bit11 bit10 bitg bits
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
TGRB_O bit15 bit14 bit13 bit12 bit11 bit10 bito bits
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
TGRC_0 bit15 bit14 bit13 bit12 bit11 bit10 bito bits
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
TGRD_O bit15 bit14 bit13 bit12 bit11 bit10 bito bits
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
TCR_1 — CCLR1  CCLRO CKEG1 CKEGO TPSC2  TPSC1  TPSCO  TPU_T
TMDR_1 — — — — MD3 MD2 MD1 MDO
TIOR_1 10B3 10B2 10B1 10B0 I0A3 10A2 IOAT 10A0
TIER_1 TTGE  — TCIEU  TCEV — — — TGIEB  TGIEA
TSR_1 TCFD  — TCFU  TCFV — — — TGFB  TGFA
TCNT_1 bit15 bit14 bit13 bit12 bit11 bit10 bito bits
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
TGRA_1 bit15 bit14 bit13 bit12 bit11 bit10 bitg bits
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
TGRB_1 bit15 bit14 bit13 bit12 bit11 bit10 bitg bits
bit7 bit6 bits bit4 bit3 bit2 bit1 bito
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Section 23 List of Registers

Register
Abbreviation Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TCR_2 — CCLR1  CCLRO CKEG1 CKEGO TPSC2  TPSCft TPSCO  TPU_2
TMDR_2 — — — — MD3 MD2 MD1 MDO
TIOR_2 I0B3 I0B2 I0B1 I0BO I0A3 IOA2 I0A1 I0A0
TIER_2 TTGE — TCIEU TCIEV — — TGIEB TGIEA
TSR_2 TCFD — TCFU TCFV — — TGFB TGFA
TCNT_2 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bits
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
TGRA_2 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bits
bit7 bite bit5 bit4 bit3 bit2 bit1 bit0
TGRB_2 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
bit7 bite bit5 bit4 bit3 bit2 bit1 bit0
Note: * To classify the same name registers of the other timers, “FR” are added to the

abbreviations.
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Section 23 List of Registers

23.3  Register States in Each Operating Mode

Register Software Hardware
Abbreviation Reset High-Speed Sleep Module Stop Standby Standby Module
IPRA Initialized — — — — Initialized Interrupt
IPRB Initialized — — — — Initialized

IPRC Initialized — — — — Initialized

IPRD Initialized — — — — Initialized

IPRE Initialized — — — — Initialized

IPRF Initialized — — — — Initialized

IPRG Initialized — — — — Initialized

IPRH Initialized — — — — Initialized

IPRI Initialized — — — — Initialized

IPRJ Initialized — — — — Initialized

IPRK Initialized — — — — Initialized

ISCR Initialized — — — — Initialized

SSIER Initialized — — — — Initialized

INTCR Initialized — — — — Initialized

IER Initialized — — — — Initialized

ISR Initialized — — — — Initialized

SMR_0 Initialized — — — — Initialized SCI_0
BRR_0 Initialized — — — — Initialized

SCR_0 Initialized — — — — Initialized

TDR_0 Initialized — — Initialized Initialized Initialized

SSR_0 Initialized — — Initialized Initialized Initialized

RDR_0 Initialized — — Initialized Initialized Initialized

SCMR_0 Initialized — — — — Initialized

SMR_1 Initialized — — — — Initialized SCI_1
BRR_1 Initialized — — — — Initialized

SCR_1 Initialized — — — — Initialized

TDR_1 Initialized — — Initialized Initialized Initialized

SSR_1 Initialized — — Initialized Initialized Initialized

RDR_1 Initialized — — Initialized Initialized Initialized

SCMR_1 Initialized — — — — Initialized
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Section 23 List of Registers

Register Software Hardware
Abbreviation Reset High-Speed Sleep Module Stop Standby Standby Module
SMR_2 Initialized — — — — Initialized SCI_2
BRR_2 Initialized — — — — Initialized

SCR_2 Initialized — — — — Initialized

TDR_2 Initialized — — Initialized Initialized Initialized

SSR_2 Initialized — — Initialized Initialized Initialized

RDR_2 Initialized — — Initialized Initialized Initialized

SCMR_2 Initialized — — — — Initialized

SMR_3 Initialized — — — — Initialized SCI_3
BRR_3 Initialized — — — — Initialized

SCR_3 Initialized — — — — Initialized

TDR_3 Initialized — — Initialized Initialized Initialized

SSR_3 Initialized — — Initialized Initialized Initialized

RDR_3 Initialized — — Initialized Initialized Initialized

SCMR_3 Initialized — — — — Initialized

SMR_4 Initialized — — — — Initialized SCI_4
BRR_4 Initialized — — — — Initialized

SCR_4 Initialized — — — — Initialized

TDR_4 Initialized — — Initialized Initialized Initialized

SSR_4 Initialized — — Initialized Initialized Initialized

RDR_4 Initialized — — Initialized Initialized Initialized

SCMR_4 Initialized — — — — Initialized

ADDRA Initialized — — — — Initialized A/D converter
ADDRB Initialized — — — — Initialized

ADDRC Initialized — — — — Initialized

ADDRD Initialized — — — — Initialized

ADDRE Initialized — — — — Initialized

ADDRF Initialized — — — — Initialized

ADDRG Initialized — — — — Initialized

ADDRH Initialized — — — — Initialized

ADCSR Initialized — — — — Initialized

ADCR Initialized — — — — Initialized
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Register Software Hardware

Abbreviation Reset High-Speed Sleep Module Stop Standby Standby Module

TWICR Initialized — — — — Initialized Duty

TWCNT Initialized ~ — — — — Initialized ~ easurement
circuit

TWCR1 Initialized — — — — Initialized

TWCR2 Initialized — — — — Initialized

FR_TIER_O* Initialized — — — — Initialized FRT_O

TCSR_0 Initialized — — — — Initialized

FRC_O0 Initialized — — — — Initialized

OCRA_O Initialized — — — — Initialized

OCRB_0 Initialized — — — — Initialized

FR_TCR_0* Initialized — — — — Initialized

TOCR_0 Initialized — — — — Initialized

ICRA_O Initialized — — — — Initialized

OCRAR_O Initialized — — — — Initialized

ICRB_0 Initialized — — — — Initialized

OCRAF_0 Initialized — — — — Initialized

ICRC_0 Initialized — — — — Initialized

OCRDM_0 Initialized — — — — Initialized

ICRD_0 Initialized — — — — Initialized

TCRX_0 Initialized — — — — Initialized TMRX_0

TCSRX_0 Initialized — — — — Initialized

TICRR_O Initialized — — — — Initialized

TICRF_0 Initialized — — — — Initialized

TCNTX_0 Initialized — — — — Initialized

TCORC_0 Initialized — — — — Initialized

TCORAX_0 Initialized — — — — Initialized

TCORBX_0 Initialized — — — — Initialized

TISR_0 Initialized — — — — Initialized TMRO1_0

TCRO_0 Initialized — — — — Initialized

TCR1_0 Initialized — — — — Initialized

TCSRO0_0 Initialized — — — — Initialized

TCSR1_0 Initialized — — — — Initialized

TCORAO_O Initialized — — — — Initialized
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Register Software Hardware
Abbreviation Reset High-Speed Sleep Module Stop Standby Standby Module
TCORA1_0 Initialized — — — — Initialized TMRO01_0
TCORBO0_0 Initialized — — — — Initialized

TCORB1_0 Initialized — — — — Initialized

TCNTO_0 Initialized — — — — Initialized

TCNT1_0 Initialized — — — — Initialized

TCONRI_0 Initialized — — — — Initialized Timer
TCONRO_0 Initialized ~ — — — — Initialized  o°Mection-0
TCONRS_0 Initialized — — — — Initialized

SEDGR_0 Initialized — — — — Initialized

TCRY_0 Initialized — — — — Initialized TMRY_O
TCSRY_0 Initialized — — — — Initialized

TCORAY_O Initialized — — — — Initialized

TCORBY_0 Initialized — — — — Initialized

TCNTY_O Initialized — — — — Initialized

FR_TIER_1* Initialized — — — — Initialized FRT_1
TCSR_1 Initialized — — — — Initialized

FRC_1 Initialized — — — — Initialized

OCRA_1 Initialized — — — — Initialized

OCRB_1 Initialized — — — — Initialized

FR_TCR_1* Initialized — — — — Initialized

TOCR_1 Initialized — — — — Initialized

ICRA_1 Initialized — — — — Initialized

OCRAR_1 Initialized — — — — Initialized

ICRB_1 Initialized — — — — Initialized

OCRAF_1 Initialized — — — — Initialized

ICRC_1 Initialized — — — — Initialized

OCRDM_1 Initialized — — — — Initialized

ICRD_1 Initialized — — — — Initialized

TCRX_1 Initialized — — — — Initialized TMRX_1
TCSRX_1 Initialized — — — — Initialized

TICRR_1 Initialized — — — — Initialized

TICRF_1 Initialized — — — — Initialized
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Register Software Hardware

Abbreviation Reset High-Speed Sleep Module Stop Standby Standby Module

TCNTX_1 Initialized — — — — Initialized TMRX_1

TCORC_1 Initialized — — — — Initialized

TCORAX_1 Initialized — — — — Initialized

TCORBX_1 Initialized — — — — Initialized

TCRO_1 Initialized — — — — Initialized TMRO1_1

TCR1_1 Initialized — — — — Initialized

TCSRO_1 Initialized — — — — Initialized

TCSR1_1 Initialized — — — — Initialized

TCORAO_1 Initialized — — — — Initialized

TCORA1_1 Initialized — — — — Initialized

TCORBO_1 Initialized — — — — Initialized

TCORB1_1 Initialized — — — — Initialized

TCNTO_1 Initialized — — — — Initialized

TCNT1_1 Initialized — — — — Initialized

TCONRI_1 Initialized — — — — Initialized Timer

TCONRO_1 Initialized ~ — — — — Initializea  connection-t

TCONRS_1 Initialized — — — — Initialized

SEDGR_1 Initialized — — — — Initialized

TCRY_1 Initialized — — — — Initialized TMRY_1

TCSRY_1 Initialized — — — — Initialized

TCORAY_1 Initialized — — — — Initialized

TCORBY_1 Initialized — — — — Initialized

TCNTY_1 Initialized — — — — Initialized

TISR_1 Initialized — — — — Initialized

FCCS Initialized — — — — Initialized Flash
memory

FPCS Initialized — — — — Initialized

FECS Initialized — — — — Initialized

FKEY Initialized — — — — Initialized

FMATS Initialized — — — — Initialized

FTDAR Initialized — — — — Initialized

MDCR Initialized — — — — Initialized System

SYSCR Initialized — — — — Initialized
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Register Software Hardware
Abbreviation Reset High-Speed Sleep Module Stop Standby Standby Module
SBYCR Initialized — — — — Initialized System
SCKCR Initialized — — — — Initialized
MSTPCRH Initialized — — — — Initialized
MSTPCRL Initialized — — — — Initialized
EXMSTPCRH Initialized — — — — Initialized
EXMSTPCRL Initialized — — — — Initialized
TECR Initialized — — — — Initialized
PORTO — — — — — — Port
PORT1 — — — — — —

PORT2 — — — — — —

PORT3 — — — — — —

PORT4 — — — — — —

PORT5 — — — — — —

PORT6 — — — — — —

PORT7 — — — — — —

PORT8 — — — — — —

PORT9 — — — — — —
PORTA — — — — — _
PORTB — — — — — —
PORTC — — — — — —

P1DR Initialized — — — — Initialized
P2DR Initialized — — — — Initialized
P3DR Initialized — — — — Initialized
P4DR Initialized — — — — Initialized
P5DR Initialized — — — — Initialized
P6DR Initialized — — — — Initialized
P8DR Initialized — — — — Initialized
P9DR Initialized — — — — Initialized
PADR Initialized — — — — Initialized
PBDR Initialized — — — — Initialized
PCDR Initialized — — — — Initialized
P1DDR Initialized — — — — Initialized
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Register Software Hardware
Abbreviation Reset High-Speed Sleep Module Stop Standby Standby Module
P2DDR Initialized — — — — Initialized Port
P3DDR Initialized — — — — Initialized

P4DDR Initialized — — — — Initialized

P5DDR Initialized — — — — Initialized

P6DDR Initialized — — — — Initialized

P8DDR Initialized — — — — Initialized

P9DDR Initialized — — — — Initialized

PADDR Initialized — — — — Initialized

PBDDR Initialized — — — — Initialized

PCDDR Initialized — — — — Initialized

P1PCR Initialized — — — — Initialized

P2PCR Initialized — — — — Initialized

P3PCR Initialized — — — — Initialized

P6PCR Initialized — — — — Initialized

P60ODR Initialized — — — — Initialized

PFCR Initialized — — — — Initialized

PTCNTO Initialized — — — — Initialized

PTCNTA Initialized — — — — Initialized

PTCNT2 Initialized — — — — Initialized
ICCRA_O Initialized — — — — Initialized IIC3_0
ICCRB_0 Initialized — — — — Initialized

ICMR_0 Initialized — — — — Initialized

ICIER_O Initialized — — — — Initialized

ICSR_0 Initialized — — — — Initialized

SAR_O Initialized — — — — Initialized
ICDRT_0 Initialized — — — — Initialized
ICDRR_0 Initialized — — — — Initialized
ICCRA_1 Initialized — — — — Initialized 1IC3_1
ICCRB_1 Initialized — — — — Initialized

ICMR_1 Initialized — — — — Initialized

ICIER_1 Initialized — — — — Initialized

ICSR_1 Initialized — — — — Initialized
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Register Software Hardware
Abbreviation Reset High-Speed Sleep Module Stop Standby Standby Module
SAR_1 Initialized — — — — Initialized 1IC3_1
ICDRT_1 Initialized — — — — Initialized

ICDRR_1 Initialized — — — — Initialized

ICSRA_O Initialized — — — — Initialized IIC3_0
SARA_O Initialized — — — — Initialized

SARB_0 Initialized — — — — Initialized

SAMR_0 Initialized — — — — Initialized

ICSRA_1 Initialized — — — — Initialized 1IC3_1
SARA_1 Initialized — — — — Initialized

SARB_1 Initialized — — — — Initialized

SAMR_1 Initialized — — — — Initialized

ICCRA_2 Initialized — — — — Initialized 1IC3_2
ICCRB_2 Initialized — — — — Initialized

ICMR_2 Initialized — — — — Initialized

ICIER_2 Initialized — — — — Initialized

ICSR_2 Initialized — — — — Initialized

SAR_2 Initialized — — — — Initialized

ICDRT_2 Initialized — — — — Initialized

ICDRR_2 Initialized — — — — Initialized

ICCRA_3 Initialized — — — — Initialized 1IC3_3
ICCRB_3 Initialized — — — — Initialized

ICMR_3 Initialized — — — — Initialized

ICIER_3 Initialized — — — — Initialized

ICSR_3 Initialized — — — — Initialized

SAR_3 Initialized — — — — Initialized

ICDRT_3 Initialized — — — — Initialized

ICDRR_3 Initialized — — — — Initialized

ICSRA_2 Initialized — — — — Initialized 1IC3_2
SARA_2 Initialized — — — — Initialized

SARB_2 Initialized — — — — Initialized

SAMR_2 Initialized — — — — Initialized
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Register Software Hardware
Abbreviation Reset High-Speed Sleep Module Stop Standby Standby Module
ICSRA_3 Initialized — — — — Initialized 1IC3_3
SARA_3 Initialized — — — — Initialized

SARB_3 Initialized — — — — Initialized

SAMR_3 Initialized — — — — Initialized

BCR Initialized — — — — Initialized BSC
BCRA1 Initialized — — — — Initialized

BCRA2 Initialized — — — — Initialized

BCRA3 Initialized — — — — Initialized

TCNT Initialized — — — — Initialized WDT
TCSR Initialized — — — — Initialized

PCSR Initialized — — — — Initialized PWM
POWER Initialized — — — — Initialized

PWDPR Initialized — — — — Initialized

PWSL Initialized — — Initialized Initialized Initialized

PWDR7 to PWDRO Initialized — — Initialized Initialized Initialized

DADRA Initialized — — Initialized Initialized Initialized PWMX
DACR Initialized — — Initialized Initialized Initialized

DADRB Initialized — — Initialized Initialized Initialized

DACNTH Initialized — — Initialized Initialized Initialized

DACNTL Initialized — — Initialized Initialized Initialized

TSTR Initialized — — — — Initialized TPU common
TSYR Initialized — — — — Initialized

TCR_0O Initialized — — — — Initialized TPU_O
TMDR_0 Initialized — — — — Initialized

TIORH_O Initialized — — — — Initialized

TIORL_O Initialized — — — — Initialized

TIER_O Initialized — — — — Initialized

TSR_0 Initialized — — — — Initialized

TCNT_O Initialized — — — — Initialized

TGRA_O Initialized — — — — Initialized

TGRB_0 Initialized — — — — Initialized

TGRC_0 Initialized — — — — Initialized
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Register Software Hardware
Abbreviation Reset High-Speed Sleep Module Stop Standby Standby Module
TGRD_0 Initialized — — — — Initialized TPU_O
TCR_1 Initialized — — — — Initialized TPU_A1
TMDR_1 Initialized — — — — Initialized

TIOR_1 Initialized — — — — Initialized

TIER_1 Initialized — — — — Initialized

TSR_1 Initialized — — — — Initialized

TCNT_1 Initialized — — — — Initialized

TGRA_1 Initialized — — — — Initialized

TGRB_1 Initialized — — — — Initialized

TCR_2 Initialized — — — — Initialized TPU_2
TMDR_2 Initialized — — — — Initialized

TIOR_2 Initialized — — — — Initialized

TIER_2 Initialized — — — — Initialized

TSR_2 Initialized — — — — Initialized

TCNT_2 Initialized — — — — Initialized

TGRA_2 Initialized — — — — Initialized

TGRB_2 Initialized — — — — Initialized

Note: * To classify the same name registers of the other timers, “FR” are added to the

abbreviations.
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Section 24 Electrical Characteristics

Section 24 Electrical Characteristics

24.1  Absolute Maximum Ratings

Table 24.1 lists the absolute maximum ratings.

Table 24.1 Absolute Maximum Ratings

ltem Symbol Value Unit
Power supply voltage* Ve -0.31t0 +4.3 \Y
Power supply voltage (VCL pin) Vo -0.3t0 +4.3

Input voltage (except ports 0 and 7) V, -0.3to V_+0.3

Input voltage (ports 0 and 7) V., -0.3t0 AV, +0.3

Reference power supply voltage AV -0.3t0 AV, +0.3

Analog power supply voltage AV . -0.3t0 +4.3

Analog input voltage V. -0.3t0 AV, +0.3

Operating temperature opr —20 10 +75 °C
Operating temperature (when flash Toor 0to +75

memory is programmed or erased)

Storage temperature -55to +125

stg

Caution: Permanent damage to this LSI may result if absolute maximum ratings are exceeded.
Note that the applied voltage should not exceed 4.3 V.
Note: * Voltage applied to the VCC pin.
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24.2 DC Characteristics

Table 24.2 lists the DC characteristics. Table 24.3 lists the permissible output currents.

Table 24.2 DC Characteristics

Conditions: VCC =30Vt3.6 V7 AVCC*] =3.0Vto3.6 V,
AV, ¥ =30V 10 AV, Vi =AV ¥ =0V

ce?

Item Symbol Min. Typ. Max. Unit Test Conditions
Schmitt  IRQO to IRQ7, \'A Veex02 — — \

.trlgger ExIRQO to ExIRQ7 v, — _ V%07

input - -

voltage Vi =V V,x005 — —

Input high RES, STBY, NMI, FWE, V,, Veex 0.9 — Ve +0.3

voltage  MDO to MD2, SCKO to
SCK4, RxDO0 to RxD4,
TMIO_0, TMI1_0, TMIX_O,
TMIY_0, TMIO_1, TMI1_1,
TMIX_1, TMIY_1, FTCL_O,
FTIA_O, FTIB_O, FTIC_O,
FTID_O, FTCI_1, FTIA_1,
FTIB_1, FTIC_1, FTID_1,
TCLKA, TCLKB, TCLKC,
TCLKD, TIOCAO, TIOCBO,
TIOCCO, TIOCDO,
TIOCA1, TIOCBA1,
TIOCA2, TIOCB2,
EXTCLKA, ExTCLKB,
EXTCLKC, EXxTCLKD,
ExTIOCAO, ExTIOCBO,
ExTIOCCO, ExTIOCDO,
ExTIOCA1, ExTIOCBH,
ExXTIOCA2, ExTIOCB2

SCL3, SCL2, SCL1, SCLO, V,x07 — 55
SDA3, SDA2, SDA1,
SDAO, P8O0 to P83, PCO to

PC4

Other than above Veex 0.7 — Ve +0.3
Input low RES, STBY, FWE, MDOto V, -0.3 — Vg x 0.1
voltage  MD2

Other than above -0.3 — Ve x 0.2
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ltem Symbol Min. Typ. Max. Unit Test Conditions
Output high All output pins (except for V, Vi—05 — — loy=—200 pA
voltage P80 to P83, PCO to PC3) Vo-10 — — I, =—1mA
P80 to P83, PCO to PC3+** 0.5 — — lo= —200 pA
Output low SCL3, SCL2, SCL1, Vo — — 04 lo.=3 mA
voltage SCLO, SDA3, SDA2,
SDAT1, SDAO
Output pins other than — — 04 loo=1.6 mMA
above
Input leakage STBY, NMI, RES, MDO to |1, | — — 10 A V, =05tV ,—05V
current MD2, FWE
Ports 0 and 7 — — 1.0 V,=05t0 AV —-05V
Three-state  Ports 110 6, [ — 10 V.=05t0V,-05V
leakage ports 84 to 87,
current (off ports 9, Ato D
state) Ports 80 to 83, _ — 10 V,=05105.5V
ports CO to C3
Input pull-up  Ports 1to 3, 6 =, 5 — 150 V,=0V
MOS current
Input All input pins C, — — 10 pF V,=0V
capacitance  (except for P80 toP83, f=1MHz
PCO to PC3) Ta=25°C
P80 to P83, PCO to PC3 — — 10
Current Normal operation*® lec — 23 35 mA Vee=3.0V1to 3.6V
consumption*® f =20 MHz, when all
module stop cleared, high-
speed mode
Sleep mode — 15 25 Vee=3.0V1to3.6V
f=20 MHz
Standby mode** — — 9 HA Ta<50°C
— — 120 50°C < Ta
Analog power During A/D conversion Al — — 20 mA
supply current A/D conversion standby — — 50 pA AV, =20Vto3.6V
Reference During A/D conversion Al — — 10 mA
power supply A/D conversion standby — — 50 pA AV, =20Vto3.6V
current
RAM standby voltage** \Y 2.0 — — Vv

RENESAS
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Notes: 1. Do not leave the AVCC, AVref, and AVSS pins open even if the A/D converter is not used.

Even if the A/D converter is not used, apply a value in the range from 3.0 V to 3.6 V to the AVCC
and AVref pins by connection to the power supply (VCC). The relationship between these two pins
should be AVref < AVCC.

2. P80/SCLO to P83/SDA1 and PCO/SCL2 to PC3/SDA3 are NMOS push-pull outputs.
An external pull-up resistor is necessary to provide high-level output from SCLO to SCL3 and
SDAO to SDA3 (ICE bit in ICCRA is 1).
P80 to P83 and PCO to PC3 (ICE bit in ICCRA is 0) high levels are driven by NMOS. An external
pull-up resistor is necessary to provide high-level output from these pins when they are used as an
output.

3. Current consumption values are for V,, min. = VCC — 0.2 V and V, max. = 0.2 V with all output pins
unloaded and the on-chip pull-up MOSs in the off state.
The values are for V,,,,<VCC <3.0V, V,, min.=VCC-0.2V,and V, max.=0.2 V.

5. Except for flash memory programming/erasing.

Table 24.3 Permissible Output Currents

Conditions: V., =3.0V1t03.6V,V =0V

Item Symbol Min. Typ. Max.  Unit
Permissible output low SCLO to SCL3, SDAQ to loo — — 10 mA
current (per pin) SDA3

All output pins — — 2
Permissible output low Total of all output pins 2lo, — — 60

current (total)

Permissible output All output pins -l — — 2
high current (per pin)

Permissible output Total of all output pins 2oy — — 30
high current (total)

Notes: 1. To protect LSI reliability, do not exceed the output current values in table 24.3.

2. When driving a Darlington transistor directly, always insert a current-limiting resistor in
the output line, as shown in figure 24.1.
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This LSI

Port

Darlington transistor

Figure 24.1 Darlington Transistor Drive Circuit (Example)

24.3 AC Characteristics

Figure 24.2 shows the test conditions for the AC characteristics.

loL

LSl output pin Vr
CL
lon
IOL = 1.6 pA, IOH =200 pA 1/0 reference level: 1.5V
VT =15V

CL = 30 pF (The CL value includes capacitance of measuring jigs.)

Figure 24.2 OQOutput Load Circuit

24.3.1 Clock Timing

Table 24.4 shows the clock timing. The clock timing specified here covers oscillation stabilization
times for clock output (¢), clock pulse generator (crystal), and external clock input (EXTAL pin).
For details on external clock input (EXTAL pin and EXCL pin) timing, see section 21, Clock
Pulse Generator.
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Table 24.4 Clock Timing

Condition: Vie=30Vt036V,V,=0V, ¢$=5MHzto20 MHz

Item Symbol Min. Max. Unit Reference
Clock cycle time t. 50 200 ns Figure 24.3
Clock high pulse width t., 10 —

Clock low pulse width te 10 —

Clock rise time t., — 8

Clock fall time te, — 8

Reset oscillation toser 10 — ms Figure 24.4
stabilization (crystal)

Software standby tosce 8 — Figure 24.5
oscillation stabilization time

(crystal)

External clock output toexr 500 — us Figure 24.4

stabilization delay time

O\

ter

Figure 24.3 System Clock Timing
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s ANV VY

toexT tpExT

VCC _7

fosc1 tosc1

£C £C
.

R, f )

Ny, @y

Figure 24.4 Oscillation Stabilization Timing

S AVAVAVAVAVAVAR VAVAVAY]

NMI (
IRQiI (
ExIRQi
(i=0to7)
tosc2

Figure 24.5 Oscillation Stabilization Timing (Exiting Software Standby Mode)
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24.3.2  Control Signal Timing

Table 24.5 shows the control signal timing.

Table 24.5 Control Signal Timing

Condition: Vie=30Vt036V,V,=0V, ¢=5MHzto20 MHz

Test

Item Symbol Min. Max. Unit Conditions
RES setup time toess 200 — ns Figure 24.6
RES pulse width toesw 20 — -
NMI setup time s 150 — ns Figure 24.7
NMI hold time o 10 —
NMI pulse width tanw 200 —
(exiting software standby
mode)
IRQ setup time tras 150 —
(IRQO to IRQ7, ExIRQO to
ExIRQ7)
IRQ hold time tran 10 —
(IRQO to IRQ7, ExIRQO to
ExIRQ7)
IRQ pulse width traw 200 —
(IRQO to IRQ7, EXIRQO to
ExIRQ7) (exiting software
standby mode)

¢

tREss tress
RES ! !
= trResw g

Figure 24.6 Reset Input Timing
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‘ /N ./ /S /S L
‘tNMIS‘ ‘tNMIH‘
NMI ( X
Inviw
IRQi
ExIRQi (
(i=0to7)
tirow
tros | tiroH
IRQ
(edge input)
tiros
IRQ
(level input) N\

Note: * To cancel software standby mode, SSIER should be set.

Figure 24.7 Interrupt Input Timing
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24.3.3 Bus Timing
Table 24.6 shows the bus timing.

Table 24.6 Bus Timing (Normal Extension)

Condition: Vie=30Vt036V,V,=0V, ¢=5MHzto20 MHz

Item Symbol Min. Max. Unit Test Conditions
Address delay time to — 20 ns Figures 24.8 to
Address setup time t 0.5xt, -15 — 24.10
Address hold time ., 0.5xt,—-10 —

CS delay time toso — 20

AS delay time [ — 20

RD delay time 1 teson — 20

RD delay time 2 tasoe — 20

Read data setup time teos 15 —

Read data hold time toon 0 —

Read data access time 2 taces — 1.5xt,—-25

Read data access time 3 taces — 20xt,—-30

Read data access time 4 taces — 2.5xt,-25

Read data access time 5 taces — 3.0xt,-30

WR delay time 1 tros — 20

WR delay time 2 trime — 20

WR pulse width 1 tswn 1.0xt,—20 —

WR pulse width 2 tme 15xt,—20 —

Write data delay time oo — 30

Write data setup time toos 0 —

Write data hold time tuon 10 —

WAIT setup time trs 30 —

WAIT hold time tyrw 5 —
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T1 | T2
¢ —/ A \_
tap
A15 to AO,
CS11to CS3
tesp| tAS tan
tasD tAsD|
AS \S '/
trsp1 taccz trsD2
(Read) tas| N
taccs tros | trRoH
D15 to DO N
(Read) —_/
_ |twrpz twrp2
HWR, LWR \ /
(Write) tas| N tan
twoo twswi twon
D15 to DO
(Write) (

Figure 24.8 Basic Bus Timing/2-State Access
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A15 to AO,
CS1to CS3

RD
(Read)

D15 to DO
(Read)

HWR, LWR
(Write)

D15 to DO
(Write)

T1 T2 | T3 -
—/ \— |\ \_
tan|
tcsp|  'AS tan
_ [tasp| _ ftaso|
\ /
\ /
trsp1 tacca trsp2
t,
AS taces tros tROH
twrD1 twrp2
\ /
\ Ny tan
twop  twops twsw2 twoH

Figure 24.9 Basic Bus Timing/3-State Access
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A15 to AO

RD
(Read)

D15 to DO
(Read)

HWR, LWR
(Write)

D15 to DO
(Write)

X X
— J—
—\ -

C—

\ S

— —
A\ / // \\

Figure 24.10 Basic Bus Timing/3-State Access with One Wait State
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Table 24.7 Bus Timing (Multiplex Extension)

ltem Symbol Min. Max. Unit Test Conditions
Address delay time to — 20 ns Figures 24.11 to
Address setup time 2 tiso 0.5xt, -15 — 24.13
Address hold time 2 Yy 1.0xt,—10 —

CS delay time (CST, CS2, CS3) tg, — 20

AH delay time oo — 20

RD delay time 1 teson — 20

RD delay time 2 tasoe — 20

Read data setup time teos 15 —

Read data hold time toon 0 —

Read data access time 2 taces — 1.5xt,—-25

Read data access time 4 taces — 2.5xt,-30

Read data access time 6 taces — 3.5xt,-25

Read data access time 7 tacer — 4.5xt,-30

WR delay time 1 tros — 20

WR delay time 2 turoe — 20

WR pulse width 1 tsmn 1.0xt,—20 —

WR pulse width 2 tews 1.5xt,-20 —

Write data delay time oo — 30

Write data setup time tos 0 —

Write data hold time tuon 10 —

WAIT setup time trs 30 —

WAIT hold time t 5 —
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=

AD15 to ADO

I
=
B
-
T

AD15 to ADO

T1 T2 T3 T4
tcsp
N\ /
taHD
tRS,Dl tacce trsp2
tacce trps | troH
tas .
IA15 to AO D15to DO f—/
twrp2 twrp2
tas2 taH2 t
WSW1
\— z
tap |
twop twoH
Al15 to AO >_ D15 to DO —

Figure 24.11 Muliplex Bus Timing/2-State Access
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T1 T2 | T3 T4 | Ts
¢ J - /] O\
tesp,
S1, CS2, CS3 N\ /
tAHD
AH \\ /
tRSDll tacca trsD2
tacce trps | roH
tho I
AD15 to ADO ALS 1o AD D15 to DOy——
twrp1 twrp2
tas2 taH2
\ twswe2 —
HWR, LWR \ }‘
ta! twop | twos twoH
AD15 to ADO ALS5 to AO >— D15 to DO —

Figure 24.12 Multiplex Bus Timing/3-State Access
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| T1 ! T2 | T3 | T4 . Toow Ts

<

RD \
(Read)

AD15 to ADO

(Read) < >

HWR, LWR \
(Write)

AD15 to ADO < > <
(Write)

J1PLLL

twrsltwrh twrsftwrh

|

g
>
=

Figure 24.13 Multiplex Bus Timing/3-State Access with One Wait State
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24.3.4

Timing of On-Chip Peripheral Modules

Tables 24.8 to 24.10 show the on-chip peripheral module timing.

Table 24.8 Timing of On-Chip Peripheral Modules

Condition: Vie=30Vt036V,V,=0V, ¢=5MHzto20 MHz
Item Symbol Min. Max. Unit Test Conditions
I/0O ports Output data delay time towo — 40 ns Figure 24.14
Input data setup time tors 20 —
Input data hold time torn 20 —
FRT Timer output delay time oo — 40 FigureT
Timer input setup time trs 20 —
Timer clock input setup time toros 20 — Figure 24.16
Timer clock pulse Single edge A 1.5 — tye
width Both edges terom 2.5 —
TPU Timer output delay time troeo — 40 ns Figure 24.17
Timer input setup time tres 25 —
Timer clock input setup time troks 25 — FigureT
Timer clock pulse Single edge | S 1.5 — -
width Both edges | - 25 —
TMR Timer output delay time ton — 40 ns Figure 24.19
Timer reset input setup time toms 25 — FigureT
Timer clock input setup time toes 25 — FigureT
Timer clock pulse Single edge  t,,cu 1.5 — e
width Both edges | S 25 —
PWM, Pulse output delay time towoo — 40 ns Figure 24.22
PWMX
SCI Input clock cycle Asynchronous t, — - Figure 24.23
“Synchronous —
Input clock pulse width | 0.4 0.6 toe
Input clock rise time ook — 1.5 -
Input clock fall time | S — 1.5
Transmit data delay time tho — 40 ns Figure 24.24
(synchronous)
Receive data setup time tos 40 —
(synchronous)
Receive data hold time (synchronous) t.,, 40 —
A/D Trigger input setup time tres 30 — Figure 24.25
converter
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| T1 T2

«» FN

trrs | fprH

Ports 0 to 9,
and A to C (read)

thwp

Ports 1to 6, 8, 9,
and A to C (write)

Figure 24.14 1/0O Port Input/Output Timing

; N\
terop

LC
FTOA_0, FTOB_0, 7
FTOA_1, FTOB_1 “

temis

FTIA_O, FTIB_O, (( ~
FTIC_0, FTID_0, >
FTIA_1, FTIB_1, ((
FTIC_1, FTID_1 >

Figure 24.15 FRT Input/Output Timing

AN N/

teres

/ 46
FTCI_0, FTCI_1 5’; G 7 1;

teTewL teTewH

Figure 24.16 FRT Clock Input Timing
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o\

AR AR WA

trocop

Output compare
output*

trics

Input capture
input*

.
«
D]
(4

Note: * TIOCAO to TIOCA2, TIOCBO to TIOCB2, TIOCCO, TIOCDO, EXTIOCAO to EXTIOCAZ2,

EXTIOCBO to EXTIOCB2, EXTI

OCCO, ExTIOCDO

Figure 24.17 TPU Input/Output Timing

[\,

¢
treks y treks
—» —»
(@
TCLKA to TCLKD d
EXTCLKA to EXTCLKD - by | N
trekwL trekwH

Figure 24.18

TPU Clock Input Timing

¢ AR

TMOO0_0, TMO1_0, >

N /S

trmop

TMOX_0, TMOY_O,
TMOO_1, TMO1_1,

TMOX_1, TMOY_1

Figure 24.19 8-Bit Timer Output Timing

A

TMIO_O, TMI1_O0,

trmes trvmes
—

(C | VI

)7

TMIX_0, TMIY_O,
TMIO_1, TMI1_1,
TMIX_1, TMIY_1

' t
-TMCWL

trmewH

Figure 24.20 8-Bit Timer Clock Input Timing
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trmRrs

TMIO_O, TMIL_O,
TMIX_0, TMIY_O,
TMIO_1, TMIL_1,
TMIX_1, TMIY_1

Figure 24.21 8-Bit Timer Reset Input Timing

o
tF’WOD
PW?7 to PWO,
EXPW? to EXPWO,
PWX1, PWX0
Figure 24.22 PWM, PWMX Output Timing
- lsckw tsckr tsekt
SCKO to SCK4 I'§ |
tScyc

Figure 24.23 SCK Clock Input Timing

SCKO to SCK4 '/_\_/_\_

trxp

TxDO to TxD4 X X
(transmit data)

trxs | tRxH

RxDO to RxD4
(receive data) X X X X

Figure 24.24 SCI Input/Output Timing (Clock Synchronous Mode)
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trres

ADTRG

Figure 24.25 A/D Converter External Trigger Input Timing

Table 24.9 I’C Bus Interface Timing

V=30t03.6V,V, =00V, T, =-20to +75°C, unless otherwise indicated.

Test Values Reference
Item Symbol Condition Min. Typ. Max. Unit  Figure
SCL input cycle time  t 12t +600 — — ns Figure
24.26
SCL input high width  t._, 3t,,+300 — — ns
SCL input low width  t 5t,.+300 — — ns
SCL and SDA input  t — — 300 ns
fall time
SCL and SDA input  t, — — 1t ns
spike pulse removal
time
SDA input bus-free  t . 5t — — ns
time
Start condition input  t,, 3t,, — — ns
hold time
Retransmission start  t_,q 3t,, — — ns
condition input setup
time
Setup time forstop  t ¢ 3t — — ns
condition input
Data-input setup time t,¢ 1t,,.+20 — — ns
Data-input hold time ~ t,, 0 — — ns
Capacitive load of c, 0 — 400 pF
SCL and SDA
SCL and SDA output — — 300 ns
fall time
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SCLO
to
SCL5

Note: * S, P, and Sr indicate the following conditions:
S: Start condition

P: Stop condition
Sr: Retransmission start condition

Figure 24.26 Input/Output Timing of I'C Bus Interface 3
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24.4  A/D Conversion Characteristics
Table 24.10 lists the A/D conversion characteristics.

Table 24.10 A/D Conversion Characteristics
(AN1S5 to ANO Input: 134/266-State Conversion)

Condition: V.. =3.0V1t03.6V,AV,=3.0V103.6V,AV,_=3.0V to AVCC,
Vi=AV =0V, ¢ =5MHz to 20 MHz

Condition
Item Min. Typ. Max. Unit
Resolution 10 Bits
Conversion time 6.7* — — [VE
Analog input capacitance — — 20 pF
Permissible signal-source — — 5.0 kQ
impedance
Nonlinearity error — — +5.5 LSB
Offset error — — +5.5
Full-scale error — — +5.5
Quantization error — — +0.5
Absolute accuracy — — +6.0

Note: * Value when using the maximum operating frequency in single mode of 134 states.
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24.5  Flash Memory Characteristics

Table 24.11 lists the flash memory characteristics.

Table 24.11 Flash Memory Characteristics

Condition: Vi=30Vto3.6V,AV . =3.0V1t03.6V,AVref=3.0Vto AV,
V,=AV =0V, Ta=0°C to +75°C (operating temperature range for
programming/erasing)

ltem Symbol Min. Typ. Max. Unit Test Conditions

Programming time*"#**  t, — 3 30 ms/128 bytes
Erase time*'+* t. — 80 800 ms/4 kbytes

— 500 5000 ms/32 kbytes

— 1000 10000 ms/64 kbytes
Programming time DI — 5 15 s/256 kbytes Ta=25°C
(total)* "¢
Erase time (total)*'+*+* T . — 5 15 s/256 kbytes Ta =25°C
Programming and erase X .. — 10 30 s/256 kbytes Ta=25°C
time (total)*'**+*
Reprogramming count Noec 100%° — — Times
Data retention time** tore 10 — — Years

Notes: 1. Programming and erase time depends on the data.

2. Programming and erase time does not include data transfer time.

3. This value indicates the minimum number of which the flash memory is reprogrammed
with all characteristics guaranteed. (The guaranteed value ranges from 1 to the

minimum number.)

4. This value indicates the characteristics while the flash memory is reprogrammed within
the specified range (including the minimum number).

RENESAS
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24.6  Usage Notes

It is necessary to connect a capacitor between the VCL pin and VSS pin for stable internal voltage.
An example of connection is shown in figure 24.27.

External capacitor
for power stabilization

L™
0.1 uF

or 0.47 uF

VSS

Do not connect Vcc power supply to the VCL pin.
Always connect a capacitor for power stabilization.
Use a ceramic multilayer capacitor (0.1 uF or 0.47 uF)
and place it near the pin.

Figure 24.27 Connection of VCL Capacitor
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A. I/0 Port States in Each Pin State
Table A.1 /O Port States in Each Pin State
Port Name MCU Operating Hardware Standby Software Standby Sleep
Pin Name Mode Reset Mode Mode Mode Program Execution State
Port 0 (EXPE = 1) T T Kept Kept Input port

(EXPE = 0)
Port 1 (EXPE =1) T T Kept* Kept* Address output/Input port
A7 to A0 (EXPE = 0) 1/0 port
Port 2 (EXPE = 1) T T Kept* Kept* Address output/I/O port
A15t0A8  (EXPE=0) 1/0 port
Port 3 (EXPE = 1) T T T T D15 to D8
D15 to D8 W Kept Kept 1/O port
Port 4 (EXPE = 1) T T Kept Kept 1/0 port

(EXPE =0)
Port 5 (EXPE = 1) T T Kept Kept 1/0 port

(EXPE = 0)
Port 6 (EXPE =1) T T Kept Kept D7 to DO/I/O port
D7 to DO (EXPE =0) 1/0 port
Port 7 (EXPE = 1) T T T T Input port

(EXPE = 0)
Port 8 (EXPE = 1) T T Kept Kept 1/0 port

(EXPE = 0)
Port 97 (EXPE = 1) T T T/Kept T/Kept ~ WAIT/I/O port
WAIT (EXPE = 0) Kept Kept 1/0 port
Port 96 (EXPE = 1) T T [DDR =1]H [DDR = 1] Clock output/Input port
¢ (EXPE = 0) [DDR=0]T S:E;Et

[DDR = 0]
T
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Port Name MCU Operating Hardware Software Standby Sleep
Pin Name Mode Reset Standby Mode Mode Mode Program Execution State
Ports 95t0 93 (EXPE =1) T T H H AS/AH, HWR/RD
AS,AH, AWR, (EXPE=0) Kept Kept 1/0 port
RD
Ports 92 and 91 (EXPE =1) T T Kept Kept 1/0 port
(EXPE =0) 1/0 port
Port 90 (EXPE = 1) T T H/Kept H/Kept LWR/I/O port
LWR W Kept Kept 1/O port
Port A (EXPE = 1) T T Kept Kept 1/0 port
(EXPE = 0) 1/0 port
Port B (EXPE = 1) T T Kept Kept 1/O port
(EXPE = 0)
Port C (EXPE = 1) T T Kept Kept 1/O port
(EXPE =0) (PC7 to PC4 are input ports)
[Legend]
H : High level
L : Low level
T : High impedance

Kept : Input ports are in the high-impedance state (when DDR = 0 and PCR = 1, the input pull-up

MOS remains on).

Output ports retain their previous state.
Depending on the pins, the on-chip peripheral modules may be initialized and the pins

may function as I/O ports determined by DDR and DR.

DDR : Data direction register

Note: * In the case of address output, the last address accessed is retained.
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B. Product Lineup
Product Type Type Code Mark Code Package (Code)
H8S/2437  F-ZTAT version HD64F2437F DF2437F 128-pin QFP (FP-128B)
H8S/2437  F-ZTAT version HD64F2437FV* DF2437FV 128-pin QFP (FP-128B)
Note: * Pb-free version
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C. Package Dimensions

For package dimensions, dimensions described in Renesas Semiconductor Packages have priority.

22.0 0.2 ‘

Unit: mm

N
o
+
Q
[{e]
-
x
[ 0|t
= =
ol oo
~| - H+
N ™M M~
|
oo
* SV
95 t 408
25
3
S Package Code FP-128B
JEDEC —
*Dimension including the plating thickness JEITA Conforms
Base material dimension Mass (reference value) 1.79

Figure C.1 Package Dimensions (FP-128B)
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