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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.




LENESAS

The revision list can be viewed directly by
clicking the title page.

The revision list summarizes the locations of
revisions and additions. Details should always
be checked by referring to the relevant text.

-
»
)
ﬁ\
»
<
)
>
-
=

H8S/2472, H8S/2463,
H8S/2462 Group

Hardware Manual

Renesas 16-Bit Single-Chip
Microcomputer
H8S Family / H8S/2400 Series

H8S/2472 RA4F2472
H8S/2463 R4F2463
H8S/2462 R4F2462

—
(@)

Renesas Electronics Rev.2.00 2008.08


04003s
The revision list can be viewed directly by 
clicking the title page.

The revision list summarizes the locations of 
revisions and additions. Details should always 
be checked by referring to the relevant text.


Rev. 2.00 Aug. 20, 2008 Page ii of xlviii
RENESAS



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. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)

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 on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product's state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and a low level is input on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing while it is in this
undefined state. For those products which have a reset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system's
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

A

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:

1) 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 and Additions in 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

The H8S/2472 Group, H8S/2463 Group, and H8S/2462 Group products are single-chip
microcomputers made up of the high-speed H8S/2600 CPU employing Renesas Technology
original architecture as its core, and the peripheral functions required to configure a system. The
H8S/2600 CPU has an instruction set that is compatible with the H8/300 and H8/300H CPUs.

Target Users: This manual was written for users who will be using the H8S/2472 Group,
H8S/2463 Group, and H8S5/2462 Group in the design of application systems. Target
users are expected to understand the fundamentals of electrical circuits, logical
circuits, and microcomputers.

Objective: ~ This manual was written to explain the hardware functions and electrical
characteristics of the H8S/2472 Group, H8S/2463 Group, and H8S5/2462 Group to
the target users.

Refer to the H8S/2600 Series, H8S/2000 Series Software 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 the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.
e In order to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Software Manual.
o In order to understand the details of a register when its 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 29,
List of Registers.

Examples:  Register name: The following notation is used for cases when the same or a
similar function, e.g. 16-bit timer pulse unit or serial
communication, 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.
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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/

H8S/2472 Group, H8S/2463 Group, and H85/2462 Group manuals:

Document Title Document No.
H8S/2472 Group, H8S/2463 Group, and H8S/2462 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 REJ10B0058
User's Manual

Microcomputer Development Environment System H8S, H8/300 Series ADE-702-282
Simulator/Debugger User's Manual

H8S, H8/300 Series High-performance Embedded Workshop 3 Tutorial REJ10B0024
H8S, H8/300 Series High-performance Embedded Workshop 3 User's REJ10B0026
Manual

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

Section 1 Overview

1.1 Overview

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
Multiplication and accumulation instructions

e Various peripheral functions
Data transfer controller (DTC)
14-bit PWM timer (PWMX)
16-bit free-running timer (FRT)
8-bit timer (TMR)

Watchdog timer (WDT)

Asynchronous or synchronous serial communication interface (SCI)
CRC operation circuit (CRC)

Serial communication interface with FIFO (SCIF)

Synchronous serial communication unit (SSU)

I'C bus interface (IIC)

LPC interface (LPC)

Ethernet controller (EtherC)

Direct memory access controller for Ethernet controller (E-DMAC)
USB function module (USB)*'

10-bit A/D converter

Platform Environment Control Interface (PECI)**

Boundary scan JTAG)

Clock pulse generator

Notes: 1. Supported only by the H8S/2472 Group.
2. Supported only by the H8S/2472 Group and the H8S/2462 Group.
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Section 1 Overview

¢  On-chip memory

ROM Type Model ROM RAM Remarks
Flash memory R4F2472 512 Kbytes 40 Kbytes 176 pins,
Version USB incorporated
R4F2463 512 Kbytes 40 Kbytes 144 pins,
USB and PECI not
incorporated
R4F2462 512 Kbytes 40 Kbytes 144 pins,

USB not incorporated

e Reprogramming count: 1000 times (Tpy.)

e General I/O ports
I/0 pins: 110 (for 176-pin), 106 (for 144-pin)
Input-only pins: 9

e Supports various power-down states

e Compact package

Package (code) Body Size Pin Pitch
PLBG0176GA-A 13 x 13 mm 0.8 mm
PTQP0144LC-A 16 x 16 mm 0.4 mm
PLQPO0144KA-A 20 x 20 mm 0.5 mm
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Block Diagram

U U U U

Port E

U

U U U

PortC

U

ROM
Clock pulse pDTC H8S/2600 RAM (Flash)
generator CPU 40K 512K
(+16K UB)
- CnuU 1 L]
- )
s U Nn_U U U y
a
- U I I -
-
o LPC
S EtherC
2 l4hb EDMAG — [
— WDT x 2
-
o
—] 2
| Interrupt controller 2 A/D converter
q = ] ¢ =1
< 3
1: 3
S SCI_1,SCI_3 @ JTAG
-
SCIF 8-bit timer x 4
- —
w
T
8 SSuU CRC calculator
- -
FRT usB*'
o [ —)
=
8 IIC_0to lIC_5 PECI*?
1 D -
o) o) T o)
| Port7 | Port8 | | Port9
[Legend]
CPU: Central processing unit
DTC: Data transfer controller
EVC: Event counter
SCl: Serial communication interface
SCIF: Serial communication interface with FIFO
Ic: I°C bus interface

EtherC:  Ethernet controller

E-DMAC: Direct memory access controller for Ethernet controller
SSu: Synchronous serial communication unit

USB: USB function module

FRT: 16-bit free running timer

PWM: 14-bit PWM timer

LPC: LPC interface

WDT: Watchdog timer

JTAG:  Boundary scan

PECI: PECI interface

Notes: 1. Supported only by the H8S/2472 Group.
2. Supported only by the H8S/2472 Group and the H8S/2462 Group.

Port F

Port D

Port B

Port A

Figurel.1 Internal Block Diagram
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Section 1 Overview

1.3 Pin Description

131 Pin Assignments
A B c D E F G H J K L M N P R
15| P11 | P13 | Pi6 | P2t | P24 | P | PF1 | ETDI |PuPDRS| USD- | Pe7 | Pe4 | P81 | AVCC| P78 | 15
14| PO | P12 | P4 | PO | PB | P% | PFO | ETCK | VBUS | USD+ | Pe6 | P&2 | Avef | P75 | P74 | 14
13| PB5 | PB7 | VSS | P17 | P%5 | VSS | PR2 | ETDO | DWSS | DVCC| Pes | PO | P77 | P73 | P71 | 13
12 | PB2 PB4 | PB6 P15 P2 NC | ETRST | ETMS | NC vcc | P&3 | P72 P70 | AVSS | NC 12
11| vec | Peo | PB1 | PB3 poo | PD3 | PD1 | PD2 | 11
10| PR | PR | P31 | P Po7 | PDs | PD4 | PD5 | 10
9| P | Pw | P35 | PU PE2 | PEI | vec | PEO | 9
H8S/2472 Group
8 | P2 | P3| Pot | Pao PLBSPO_ 1177%€A-A PES | PES | PE3 | PE4 | 8
(Top view)
7 | P2 | Ps3 | PECI | PEVIES PO | NC | NC | PEZ | 7
6 | Pss | Pu | Pss | FME Pe4 | P& | P81 | PR | &
5 | UXTAL | UEXTAL| VCC | UXSEL vss | Pz | Pes | P& | 5
4 | Pr5 | PR | NC | PF3 | RES | NC | Pso | P4 | P9t [ Pos | PCI | PAS | NC [ NC [ NC | 4
3| vss |RESO| Pas | Pss | PF6 | veL | Po7 | P | P | PC5 | NC | PA7 | PA2 | PA1 | PAO | 3
2 | XTAL [ EXTAL| P47 | vsS | NI | Pst | P | PR | PC7 | PC3 | NC | PCO | VOC | PA3 | NC | 2
1| voCc | P46 | P57 | MDI | STBY | MD2 | Pe6 | NC | NC | Pc4 | PC2 | NC | PA6 | PM | NC | 1
A B c D E F G H J K L M N P R
|:| :NC pin

Figure 1.2 Pin Assignments (H85/2472 Group)
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P11/A1/AD1 109}

Vvss
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PB7/EVENT15/RM_RX-ER
PB6/EVENT14/RM_CRS-DV
PBS5/EVENT13/RM_REF-CLK
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PB2/EVENT10/DB2/RM_RXDO
PB1/EVENT9/DB1/RM_TXD1
PBO/EVENT8/DBO/RM_TXDO
vce

P30/EXDBO/D8
P31/ExDB1/D9
P32/ExDB2/D10
P33/ExDB3/D11
P34/ExDB4/D12
P35/ExDB5/D13
P36/ExDB6/D14
P37/EXDB7/D15
P40/IRQO/RSO/HCO/D4
P41/IRQT/RS1/HC1/DS
P42/IRQ2/RS2/HC2/D6
P43/IRQ3/RS3/HC3/D7
P52/IRQT0/TXD1

P53/RQTT/RXD1 [134]

FWE

P54/IRQ12/SSO

P55/IRQ13/SSI
P44/IRQ4/RS4/DB4/HC4/A12/AD12
NC

NC

VSS

RESO

XTAL

EXTAL

P45/IRQ5/RS5/DB5/HC5/A13/AD13 [

P46/IRQ6/RS6/DB6/HC6/A14/AD14 | v

P47/IRQ7/RS7/DB7/HC7/A15/AD15 | »

PA7/EXIRQ7/EVENT7/EXOUT/A23

PA6/ExIRQ6/EVENTE/LNKSTA/A22

z 8
x a9
QBEE =8
o [=l9) 310252 0wz2
N T woN® 200 oa Q@ el Qo
Oo0oo0o00000<< = = Clolclos g|v ¥
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fios 107 [106fios fro4i0a]102[101fi00] 00 ] o8] 97] 96 ] 95 [ 94] 98] 92 ] 91] 90] a0 e8] 87] 86[ 85 84] &3] &2] 8180 [79 [ 78] 7776 ] 75] 74 73
109 72| P74/aN4
110 71| P73/AN3
111 70| P72/AN2
112 69| P71/AN1
113 68 | P70/ANO
114] 67| AVSS
115 66 | PDO/LSCI
16 65| PO1/TSMI
117] 64| PD2/PVE
118 63| PD3/GAZ0
119 62| PD4/CLKRUN
120 ﬂ PD5/LPCPD
121 60| PDB/SCLS
122 50| PD7/SDAS
123 58| PEO/LADO
124 57| PE1/LADY
12s 56 | PE2/1LAD2
] H8S/2463 Group 55 Peanacs
127 PTQP0144LC-A 54| PE4/LFRAME
128 TFP-144V 53| PES/TRESET
B (Top view) 52| PE6/LCLK
10 51| PE7/SERIRQ
131 50| PsorscLo
2 4] Pat1/sDAO
133 48| P82/sCL1
124, 47| Paa/sDA1
155 |46 | Pea/ExiRQTZISCK3
136 & P85/ExIRQ13/SCK1
17 44| Pec/EXIRQTA/RXD3
138 43| P87/EXIRQTS/TXDS/ADTRG
|139)] 42| VSS
140) 41| PACEXIRQO/EVENTO/AT6
141 40| PA1/EXIRQT/EVENT1/A17
142 2 PA2/EXIRQ2/EVENT2/A18
143 Iﬂ PAS/EXIRQ3/EVENT3/A19
| @ 37| PA4/EXIRQA/EVENT4/A20
1|2 ]3] 4[s][6]7[8]9]t0]11]12[13[14]15[16[17]18]19]20]21]22 | 23] 24|25 |26 | 27] 28] 20| 30| 31| 323334 [35 [36 ]
Q SN - T = ANLLES@OC-cSWIRREETST-S2ON o - 0
o ]‘3"’)“"05%““O‘D‘:‘D‘Z&‘Qxx‘mli(m‘i:‘g(d(d(d Y0
s CECE SRR e E T S 255888388533°
\.u‘cc o S (B |© S xxo002g 8wIad=8 [}
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Figure 1.3 Pin Assignments (H85/2463 Group)
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o o e
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X
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PAG/EXIRQB/EVENT6/LNKSTA/A22 | R

Figure 1.4 Pin Assignments (H85/2462 Group)
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Section 1 Overview

132 Pin Assignment in Each Operating Mode

Table1.1 Pin Assignmentsin Each Operating Mode
Pin No. Pin Name
Flash Memory
H8S/2462  H8S/2463 HB8S/2472 Extended Mode Single-Chip Mode  Programmer
(FP-144LV) (TFP-144V) (BP-176V) (EXPE = 1) (EXPE = 0) Mode
1 1 A1 vCcC VCC VCC
2 2 Cs3 P45/IRQ5/RS5/DB5/  P45/IRQ5/RS5/DB5/  FA13
HC5/A13/AD13 HC5
3 3 B1 P46/IRQ6/RS6/DB6/ P46/IRQ6/RS6/DB6/ FA14
HC6/A14/AD14 HC6
4 4 c2 P47/1RQ7/RS7/DB7/ P47/IRQ7/RS7/DB7/ FA15
HC7/A15/AD15 HC7
5 5 D3 P56/EXCL/phi P56/EXCL/phi NC
6 6 C1 WR/HWR P57 NC
7 7 D2 VSS VSS VSS
8 8 E4 RES RES RES
9 9 D1 MD1 MD1 VSS
10 10 E3 PF6/ExPWX2/RS14 PF6/ExXPWX2/RS14 VSS
11 11 E2 NMI NMI FA9
12 12 E1 STBY STBY VCC
— — F4 NC NC NC
13 13 F3 VCL VCL VCL
14 14 F1 MD2 MD2 VCC
15 15 F2 P51/IRQ9/RxDF P51/IRQ9/RxDF NC
16 16 G4 P50/IRQ8/TxDF P50/IRQ8/TxDF NC
17 17 G3 P97/CS256/WAIT P97 NC
18 18 G1 P96 P96 NC
19 19 G2 AS/I0S P95 NC
20 20 H4 P94/ExPWX1 P94/ExPWX1 NC
21 21 H3 P93/ExPWX0 P93/EXPWX0 NC
— — H1 NC NC NC
22 22 H2 P92/HBE P92 NC
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Pin No. Pin Name
Flash Memory
H8S/2462  H8S/2463 HB8S/2472 Extended Mode Single-Chip Mode  Programmer
(FP-144LV) (TFP-144V) (BP-176V) (EXPE = 1) (EXPE = 0) Mode
23 23 J4 P91/AH P91 NC
24 24 J3 P90/LBE P90 NC
— — J1 NC NC NC
25 25 J2 RD PC7 WE
26 26 K4 PC6/LWR PC6 NC
27 27 K3 PC5/SDA4 PC5/SDA4 NC
28 28 K1 PC4/SCL4 PC4/SCL4 NC
29 29 K2 PC3/SDA3 PC3/SDA3 NC
— — L3 NC NC NC
30 30 L1 PC2/SCL3 PC2/SCL3 NC
— — L2 NC NC NC
31 31 L4 PC1/SDA2 PC1/SDA2 NC
— — M1 NC NC NC
32 32 M2 PC0/SCL2 PCO/SCL2 NC
33 33 M3 PA7/EXIRQ7/ PA7/ExIRQ7/ VCC
EVENT7/EXOUT/A23 EVENT7/EXOUT
34 34 N1 PA6/EXIRQ6/ PA6/EXIRQ6/ VCC
EVENT6/LNKSTA/A22 EVENT6/LNKSTA
35 35 M4 PA5/ExIRQ5/ PA5/ExIRQ5/ VSS
EVENT5/WOL/A21  EVENT5/WOL
36 36 N2 vCC vCC vCcC
37 37 P1 PA4/EXIRQ4/EVENT4/ PA4/EXIRQ4/EVENT4 CE
A20
38 38 P2 PA3/EXIRQ3/EVENT3/ PA3/EXIRQ3/EVENT3 FA19
A19
— — R1 NC NC NC
39 39 N3 PA2/EXIRQ2/EVENT2/ PA2/EXIRQ2/EVENT2 FA18
A18
— — R2 NC NC NC
40 40 P3 PA1/EXIRQT/EVENT1/ PA1/EXIRQT/EVENT1 FA17

A17
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Section 1 Overview

Pin No. Pin Name
Flash Memory
H8S/2462 H8S/2463 HB8S/2472 Extended Mode Single-Chip Mode  Programmer
(FP-144LV) (TFP-144V) (BP-176V) (EXPE = 1) (EXPE = 0) Mode
— — N4 NC NC NC
41 41 R3 PAO/EXIRQO/EVENTO/ PAO/EXIRQO/EVENTO FA16
A16
— — P4 NC NC NC
42 42 M5 VSS VSS VSS
— — R4 NC NC NC
43 43 N5 P87/ExIRQ15/TxD3/ P87/ExIRQ15/TxD3/ NC
ADTRG ADTRG
44 44 P5 P86/ExXIRQ14/RxD3 P86/ExIRQ14/RxD3 NC
45 45 R5 P85/ExIRQ13/SCK1 P85/ExIRQ13/SCK1 NC
46 46 M6 P84/ExXIRQ12/SCK3 P84/ExIRQ12/SCK3 NC
47 47 N P83/SDA1 P83/SDA1 NC
48 48 R6 P82/SCL1 P82/SCL1 NC
49 49 P6 P81/SDAO P81/SDAO NC
50 50 M7 P80/SCLO P80/SCLO NC
— — N7 NC NC NC
51 51 R7 PE7/SERIRQ PE7/SERIRQ NC
— — P7 NC NC NC
52 52 M8 PE6/LCLK PE6/LCLK NC
53 53 N8 PE5/LRESET PE5/LRESET NC
54 54 R8 PE4/LFRAME PE4/LFRAME NC
55 55 P8 PE3/LAD3 PE3/LAD3 NC
56 56 M9 PE2/LAD2 PE2/LAD2 NC
57 57 N9 PE1/LAD1 PE1/LAD1 NC
58 58 R9 PEO/LADO PEO/LADO NC
— — P9 VCC VCC NC
59 59 M10 PD7/SDA5 PD7/SDA5 NC
60 60 N10 PD6/SCL5 PD6/SCL5 NC
61 61 R10 PD5/LPCPD PD5/LPCPD NC
62 62 P10 PD4/CLKRUN PD4/CLKRUN NC

RENESAS
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Section 1 Overview

Pin No. Pin Name
Flash Memory

H8S/2462  H8S/2463 HB8S/2472 Extended Mode Single-Chip Mode  Programmer
(FP-144LV) (TFP-144V) (BP-176V) (EXPE = 1) (EXPE = 0) Mode
63 63 N11 PD3/GA20 PD3/GA20 NC
64 64 R11 PD2/PME PD2/PME NC
65 65 P11 PD1/LCMI PD1/LCMI NC
66 66 M11 PDO/LSCI PDO/LSCI NC
— — R12 NC NC NC
67 67 P12 AVSS AVSS VSS
68 68 N12 P70/ANO P70/ANO NC
69 69 R13 P71/AN1 P71/AN1 NC
70 70 M12 P72/AN2 P72/AN2 NC
71 71 P13 P73/AN3 P73/AN3 NC
72 72 R14 P74/AN4 P74/AN4 NC
73 73 P14 P75/AN5 P75/AN5 NC
74 74 R15 P76/AN6 P76/AN6 NC
75 75 N13 P77/AN7 P77/AN7 NC
76 76 P15 AvCC AvVCC vVCC
77 — N14 AVref AVref VCC
78 77 M13 P60/IRQ14/PWX0/D0 P60/IRQ14/PWX0  NC
79 78 N15 P61/IRQ15/PWX1/D1 P61/IRQ15/PWX1  NC
80 79 M14 P62/PWX2/D2 P62/PWX2 NC
81 80 L12 P63/PWX3/D3 P63/PWX3 NC
82 81 M15 P64/EXIRQT1/CTS  P64/ExXIRQ11/CTS NC
83 82 L13 P65/EXIRQ10/RTS  P65/EXIRQ10/RTS  NC
84 83 L14 P66/EXIRQ9/SCS  P66/EXIRQI/SCS  NC
85 84 L15 P67/ExXIRQ8/SSCK  P67/EXIRQ8/SSCK  NC
86 85 K12 vce vVCC vCC
— — K13 DrvCcC DrvCC VCC
— — K15 USD- USD- NC
— — K14 USD+ USD+ NC
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Section 1 Overview

Pin No. Pin Name

Flash Memory
H8S/2462 H8S/2463 HB8S/2472 Extended Mode Single-Chip Mode  Programmer

(FP-144LV) (TFP-144V) (BP-176V) (EXPE = 1) (EXPE = 0) Mode
— — J12 NC NC NC
— — J13 Drvss Drvss VSS
— — J15 PUPDPLS PUPDPLS NC
— — J14 VBUS VBUS NC
87 86 H12 ETMS ETMS NC
88 87 H13 ETDO ETDO NC
89 88 H15 ETDI ETDI NC
90 89 H14 ETCK ETCK NC
91 90 G12 ETRST ETRST RES
— — G13 PF2/RS10 PF2/RS10 NC
— 91 — NC NC NC
92 92 G15 PF1/RS9/MDC PF1/RS9/MDC NC
93 93 G14 PFO/RS8/MDIO PFO/RS8/MDIO NC
— — F12 NC NC NC
94 94 F13 VSS VSS VSS
95 95 F15 P27/DTR P27/DTR NC
96 96 F14 P26/DSR P26/DSR NC
97 97 E13 P25/RI P25/RI NC
98 98 E15 P24/DCD P24/DCD NC
99 99 E14 P23/A11/AD11 P23 FA11
100 100 E12 P22/A10/AD10 P22 FA10
101 101 D15 P21/A9/AD9 P21 OE
102 102 D14 P20/A8/AD8 P20 FA8
103 103 D13 P17/A7/AD7 P17 FA7
104 104 C15 P16/A6/AD6 P16 FA6
105 105 D12 P15/A5/AD5 P15 FA5
106 106 C14 P14/A4/AD4 P14 FA4
107 107 B15 P13/A3/AD3 P13 FA3
108 108 B14 P12/A2/AD2 P12 FA2
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Section 1 Overview

Pin No. Pin Name
Flash Memory

H8S/2462  H8S/2463 HB8S/2472 Extended Mode Single-Chip Mode  Programmer

(FP-144LV) (TFP-144V) (BP-176V) (EXPE = 1) (EXPE = 0) Mode

109 109 A15 P11/A1/AD1 P11 FA1

110 110 C13 VSS VSS VSS

111 111 A14 P10/A0/ADO P10 FAO

112 112 B13 PB7/EVENT15/ PB7/EVENT15/ NC
RM_RX-ER RM_RX-ER

113 113 c12 PB6/EVENT14/ PB6/EVENT 14/ NC
RM_CRS-DV RM_CRS-DV

114 114 A13 PB5/EVENT13/ PB5/EVENT13/ NC
RM_REF-CLK RM_REF-CLK

115 115 B12 PB4/EVENT12/ PB4/EVENT12/ NC
RM_TX-EN RM_TX-EN

116 116 D11 PB3/EVENT11/DB3/ PB3/EVENT11/DB3/ NC
RM_RXD1 RM_RXD1

117 117 A12 PB2/EVENT10/DB2/ PB2/EVENT10/DB2/ NC
RM_RXDO RM_RXDO

118 118 C11 PB1/EVENT9/DB1/ PB1/EVENT9/DB1/ NC
RM_TXD1 RM_TXD1

119 119 B11 PBO/EVENT8/DB0/ PBO/EVENT8/DB0/ NC
RM_TXDO RM_TXDO

120 120 A1 VCC VCC VCC

121 121 D10 D8 P30/ExDBO0 FOO

122 122 C10 D9 P31/ExDB1 FO1

123 123 A10 D10 P32/ExDB2 FO2

124 124 B10 D11 P33/ExDB3 FO3

125 125 D9 D12 P34/ExDB4 FO4

126 126 C9 D13 P35/ExDB5 FO5

127 127 A9 D14 P36/ExDB6 FO6

128 128 B9 D15 P37/ExDB7 FO7

129 129 D8 P40/IRQ0/RS0/HCO/ P40/IRQ0/RSO/HCO NC
D4

130 130 C8 P41/IRQ1/RS1/HC1/ P41/IRQ1/RS1/HC1 NC

D5
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Section 1 Overview

Pin No. Pin Name
Flash Memory

H8S/2462 H8S/2463 HB8S/2472 Extended Mode Single-Chip Mode  Programmer
(FP-144LV) (TFP-144V) (BP-176V) (EXPE = 1) (EXPE = 0) Mode
131 131 A8 P42/IRQ2/RS2/HC2/ P42/IRQ2/RS2/HC2 NC

D6
132 132 B8 P43/1RQ3/RS3/HC3/ P43/IRQ3/RS3/HC3 NC

D7
133 — D7 PEVref PEVref VSS
134 — c7 PECI PECI NC
135 133 A7 P52/IRQ10/TxD1 P52/IRQ10/TxD1 VCC
136 134 B7 P53/1RQ11/RxD1 P53/IRQ11/RxD1 VSS
137 135 D6 FWE FWE FWE
138 136 C6 P54/1RQ12/SSO P54/IRQ12/SSO NC
139 137 A6 P55/1RQ13/SSI P55/1RQ13/SSI NC
140 138 B6 P44/IRQ4/RS4/DB4/ P44/IRQ4/RS4/DB4/ FA12

HC4/A12/AD12 HC4
— — C5 vVCC vCC vCC
— — A5 UXTAL UXTAL NC
— — B5 UEXTAL UEXTAL NC
— — D5 UXSEL UXSEL NC
— — A4 PF5/RS13 PF5/RS13 NC
— — B4 PF4/RS12 PF4/RS12 NC
— 139 c4 NC NC NC
— 140 — NC NC NC
141 141 A3 VSS VSS VSS
— — D4 PF3/ExPWX3/RS11 PF3/ExPWX3/RS11 NC
142 142 B3 RESO RESO NC
143 143 A2 XTAL XTAL XTAL
144 144 B2 EXTAL EXTAL EXTAL
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Section 1 Overview

1.3.3 Pin Functions

Tablel.2 Pin Functions

Pin No.
H8S/2462 H8S/2463 H8S/2472
Type Symbol  144-Pin  144-Pin  176-Pin  1/O Name and Function
Power VCC 1,36, 1,36, A1,N2, Input Power supply pins. Connect all
supply 86,120 86, 120 P9, these pins to the system power
K12, supply. Connect the bypass
A11,C5 capacitor between VCC and VSS
(near VCC).

VCL 13 13 F3 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
power.

VSS 7,42, 7,42, D2, M5, Input Ground pins. Connect all these

94, 110, 94, 110, F13, pins to the system power supply
141 141 C13, A3 (ov).
Clock XTAL 143 143 A2 Input For connection to a crystal
resonator. An external clock can be

EXTAL 144 144 B2 Input

NPUL " supplied from the EXTAL pin. For
an example of crystal resonator
connection, see section 27, Clock
Pulse Generator.

UXTAL — — A5 Input For connection to a crystal

UEXTAL — - B5 Input resonator for USB

UXSEL — — D5 Input USB clock source select pin

) 5 5 D3 Output  Supplies the system clock to
external devices.

EXCL 5 5 D3 Input 32.768-kHz external clock for sub
clock should be supplied.

Operating MD2 14 14 F1 Input These pins set the operating mode.

mode control MD1 9 9 D1 Inputs at these pins should not be
changed during operation.

System RES 8 8 E4 Input Reset pin. When this pin is low, the

control chip is reset.
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Section 1 Overview

Pin No.
H8S/2462 H8S/2463 H8S/2472
Type Symbol  144-Pin  144-Pin  176-Pin  I/O Name and Function
System RESO 142 142 B3 142 Outputs a reset signal to an
control external device.
STBY 12 12 E1 12 When this pin is low, a transition is
made to hardware standby mode.
FWE 137 135 D6 Input Pin for use by flash memory.
Address bus A23 to 33 to 33 to M3, N1, Output Address output pins
A16 35,37 35,37 M4, P1,
to 41 to 41 P2, N3,
P3, R3
A15t0 A0 4to2, 4to2, C2,Bfd,
140, 138, C3, B6,
99 to 99 to E14,
109, 109, E12,
111 111 D15,
D14,
D13,
C15,
D12,
C14,
B15,
B14,
A15,
A14
Data bus D15to D8 128to 128to B9, A9, Input/ Upper 8 bits of bidirectional bus
121 121 C9, D9, Output
B10,
A10,
C10,
D10
D7to D0 132to 132to B8, AS, Lower 8 bits of bidirectional bus
129, 129, Cs, D8,
811078 80to 77 L12,
M14,
N15,
M13
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Section 1 Overview

Pin No.

H8S/2462 HB8S/2463 H8S/2472

Type Symbol  144-Pin  144-Pin  176-Pin  |/O Name and Function
Address- AD15to0 4to2, 4to2, C2,B1, Input/ 8 bit bus or upper 8 bits of 16-bit
data ADS8 140, 138, C3, B6, Output bus
multiplex bus 99 to 99 to E14,
102 102 E12,
D15,
D14
AD7 to 103to 103to D13, Lower 8 bits of 16-bit bus
ADO 109, 109, C15,
111 111 D12,
C14,
B15,
B14,
A15,
A14
Interrupts NMI 11 11 E2 Input Nonmaskable interrupt request

input pin

IRQ15t0 79,78, 78,7

7, Ni15, Input

These pins are used to request

IRQO 139, 137, M13, maskable interrupts.
138, 136,  A6,C6, Either IRQn or ExIRQn can be
136, 134,  B7,Ds, selected as the IRQn interrupt
135, 15, 133, 15, F2, G4, signal input pin.
16, 16, C2, B1,
4t02, 4to2, C83,BS6,
140, 138, B8, A8,
132to 132to C8, D8
129 129
ExIRQ15 43to 43 to N5, P5, Input These pins are used to request
to ExXIRQO 46,82 46,81 R5, M6, maskable interrupts.
085 to84, MI5, Either IRQn or ExIRQn can be
3310 3310 L183, selected as the IRQn interrupt
35, 35, L14, signal input pin.
37 to41 37to 41 L15,
M3, N1,
M4, P1,
P2, N3,
P3, R3
Bus control  WAIT 17 17 G3 Input Requests wait state insertion to
bus cycles when an external tri-
state address space is accessed.
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Type

Symbol

Pin No.

H8S/2462 HB8S/2463 H8S/2472

144-Pin

144-Pin 176-Pin

110

Name and Function

Bus control

RD

25

25

J2

Output

Low level on this pin indicates that
the MCU is reading from an
external address space.

C1

Output

Low level on this pin indicates that
the MCU is writing to an external
address space.

The upper byte of the data bus is
valid.

26

26

K4

Output

Low level on this pin indicates that
the MCU is writing to an external
address space.

The lower byte of the data bus is
valid.

AS/10S

19

19

G2

Output

Low level on this pin indicates that
the address output on the address
bus is valid.

CS256

17

17

G3

Output

Indicates access to the 256-Kbyte
area of H'F80000 to H'FBFFFF.

Bus control

WR

C1

Output

Low level on this pin indicates that
the MCU is writing to an external
address space.

.
o]
m

22

22

H2

Output

Low level on this pin indicates that
the MCU is accessing an external
address space.

The upper byte of the data bus is
valid.

24

24

J3

Output

Low level on this pin indicates that
the MCU is accessing an external
address space.

The lower byte of the data bus is
valid.

AH

23

23

J4

Output

Address latch signal for the
address-data multiplex bus

Boundary
scan

ETRST

91

90

G12

Input

ETMS

87

86

H12

Input

ETDO

88

87

H13

Output

ETDI

89

88

H15

Input

ETCK

90

89

H14

Input

Boundary scan interface pins

RENESAS
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Section 1 Overview

Pin No.
H8S/2462 H8S/2463 H8S/2472

Type Symbol  144-Pin  144-Pin  176-Pin  |/O Name and Function
14-bit PWM PWX0to 78to 77 to M13, Output PWM D/A pulse output pins
timer PWX3 81,21, 80,21, N15, Pin EXPWX3 is supported only by
(PWMX) ExPWX0 20,10 20,10 M14, the H8S/2472 Group.

to L12,

ExPWX2 H3, H4,

E3

ExPWX3 — — D4 —
Serial TxD1, 135,43 133,43 A7,N5 Output Transmit data output pins
communi- TxD3
cation RxD1, 136,44 134,44 B7,P5 Input  Receive data input pins
interface RxD3
(SCI_1 and - ;
SCI_3) SCK1, 45,46 45,46 R5,M6 Input/ Clock input/output pins.

SCKS3 Output
Serial TxDF 16 16 G4 Output  Transmit data output pin
00{,"”‘””" RxDF 15 15 F2 Input  Receive data input pin
cation
interface CTS 82 81 M15 Input  Transmit grant input pin
with FIFO  RTS 83 82 L13 Output  Transmit request output pin
SCIF —
( ) DTR 95 95 F15 Output  Data terminal ready output pin

DSR 96 96 F14 Input Data set ready input pin

RI 97 97 E13 Input Ring indicator input pin

DCD 98 98 E15 Input Data carrier detection input pin
Synchronous SSCK 85 84 L15 Input/  SSU clock I/O pin
serial Output
communi - ggj 139 137 A6 Input/  SSU data I/O pin
cation unit Output
(SSU) :

SSO 138 136 Ccé6 Input/  SSU data I/O pin

Output
SCS 84 83 L14 Input/  SSU chip select I/O pin
Output

I°C bus SCLOto 50,48, 50,48, M7,R6, Input/ IIC clock input/output pins. These
interface SCL5 32,30, 32,30, M2,L1, Output pins can drive a bus directly with
(nc) 28,60 28,60 Ki1,N10 the NMOS open drain output.
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Section 1 Overview

Pin No.

H8S/2462 HB8S/2463 H8S/2472

Type Symbol  144-Pin  144-Pin  176-Pin  I/O Name and Function
I°C bus SDAOto 49,47, 49,47, P6,N6, Input/ IIC data input/output pins. These
interface SDA5 31,29, 31,29, L4,K2, Output pins can drive a bus directly with
(nc) 27,59 27,59 K3, M10 the NMOS open drain output.
A/D AN7 to 751068 751068 N13, Input Analog input pins
converter ANO R15,
P14,
R14,
P13,
M12,
R13,
N12
AVCC 76 76 P15 Input Analog power supply pins. When
the A/D converter is not used,
these pins should be connected to
the system power supply (+3.3 V).
AVref 77 — N14 Input Analog reference voltage input pin.
When the A/D converter is not
used, this pin should be connected
to the system power supply (+3.3
V).
AVSS 67 67 P12 Input Analog ground pins. These pins
should be connected to the system
power supply (0 V).
ADTRG 43 43 N5 Input External trigger input pin to start
A/D conversion
LPC LAD3to 55to58 55t058 P8, M9, Input/  Transfer cycle type/address/data
Interface LADO N9, R9 Output 1I/O pins
(LPC) LFRAME 54 54 R8 Input Input pin indicating transfer cycle
start and forced termination
LRESET 53 53 N8 Input LPC reset pin. When this pin is low,
a reset state is entered.
LCLK 52 52 M8 Input PCI clock input pin
SERIRQ 51 51 R7 Input/  LPC serialized host interrupt
Output  request signal
LSCl, 66 66 M11 Input/ LPC auxiliary output. Their
LSMI, 65 65 P11 Output functions are general I/O port.
PME 64 64 R11
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Section 1 Overview

Pin No.
H8S/2462 H8S/2463 H8S/2472
Type Symbol  144-Pin  144-Pin  176-Pin  |/O Name and Function
LPC GA20 63 63 N11 Input/ GATE A20 control signal output
Interface Output  pin; also used as the input pin for
(LPC) monitoring the output state.
CLKRUN 62 62 P10 Input/  Input/output pin used to request

Output  starting the LCLK operation while
LCLK is stopped.

LPCPD 61 61 R10 Input Input pin used to control shutdown
of the LCP module

Ethernet RM_REF- 114 114 A13 Input Transmit/receive Clock
controller CLK

(EtherC)  RM_TX- 115 115  B12  Output Transmit enable
EN
RM_TXD1 118 118 C11 Output  Transmit data
RM_TXDO 119 119 B11 Output
RM_CRS- 113 113 C12 Input Carrier detection/receive data valid
DV
RM_RXD1 116 116 D11 Input Receive data
RM_RXDO0O 117 117 A12 Input
RM_RX- 112 112 B13 Input Receive error
ER
MDC 92 92 G15 Input Management data clock
MDIO 93 93 G114 Input/ Management data 1/O
Output
LNKSTA 34 34 N1 Input Link status
EXOUT 33 33 M3 Output  General-purpose external output
WOL 35 35 M4 Output Wake-on-LAN
USB function VBUS — — J14 Input USB cable connection monitor pin
”L‘JOS";'G UsD+  — — Ki4  Input  USB data l/O pin
( ) Output
USD- — — K15 Input/  USB data I/O pin
Output
DrVcc — — K13 Input Power supply pin for USB built-in
transceiver
DrVss — — J13 Input Ground pin for USB built-in
transceiver
PUPDPLS — — J15 Output  USB+ pull-up control pin
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Pin No.
H8S/2462 H8S/2463 H8S/2472
Type Symbol  144-Pin  144-Pin  176-Pin  I/O Name and Function
Event EVENT15 112to 112to B13, Input Event counter input pins
Counter to 119, 119, C12,
EVENTO 33to 33to  A13,
35,37 35,37 B12,
to 41 to 41 D11,
A12,
C11,
B11,
M3, N1,
M4, P1,
P2, N3,
P3, R3
Retain state RS14 10 10 E3 Output  Retain state output pins.
output pins The outputs on these pins are only
RS13to — — A4, B4, initialized by a system reset.
RS10 D4, G13 Pins RS13 to RS10 are supported
RS9to 92,93, 92,934 Gi5, only by the H8S/2472 Group.
RSO 4t02, to2, G14,
140, 138, C2, B,
132to 132to C3, B6,
129 129 B8, A8,
Cs8, D8
Debounced DB7 to 4t02, 4to2, C2,B1, Input Pins with noise eliminating
input pins DBO 140, 138, C3, B6, functions.
116to 116to D11,
119 119 A12,
C11,
B11
ExDB7to 128to 128to B9, A9,
ExDBO 121 121 C9, D9,
B10,
A10,
C10,
D10
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Pin No.
H8S/2462 H8S/2463 H8S/2472
Type Symbol  144-Pin  144-Pin  176-Pin  |/O Name and Function
Large HC7 to 4t02, 4to2, C2,B1, Output These pins can be used to drive
current HCO 140, 138, C3, B6, LEDs or for other purposes where
output pins 132to0 132to BS§, A8, large currents are required.
129 129 Cs8, D8
1/0 ports P17 to 103to 103to D13, Input/  8-bit input/output pins
P10 109, 109, C15, Output
111 111 D12,
C14,
B15,
B14,
A15
P27 to 95 to 95 to F15, Input/  8-bit input/output pins
P20 102 102 F14, Output
E13,
E15,
E14,
E12,
D15,
D14
P37 to 128to0 128to B9, A9, Input/  8-bit input/output pins
P30 121 121 C9, D9, Output
B10,
A10,
C10,
D10
P47 to 4t02, 4to2, C2,B1, Input/ 8-bit input/output pins
P40 140, 138, C3, B6, Output
132to 132to B8, A8,
129 129 Cs8, D8
P57 to 6, 5, 6, 5, C1, DS, Input/ 8-bit input/output pins
P50 139, 137, A6, C6, Output
138, 136, B7, A7,
136, 134, F2, G4
135, 15, 133, 15,
16 16
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Type

Symbol

Pin No.

H8S/2462 HB8S/2463 H8S/2472
144-Pin 144-Pin 176-Pin

110

Name and Function

1/0O ports

P67 to
P60

851078 84to77 L15,
L14,
L13,
M15,
L12,
M14,
N15,
M13

Input/
Output

8-bit input/output pins

P77 to
P70

751068 751068 N13,
R15,
P14,
R14,
P13,
M12,
R13,
N12

Input

8-bit input pins

P87 to
P80

43 to 50 43to 50 N5, P5,
R5, M6,
N6, R6,
P6, M7

Input/
Output

8-bit input/output pins

P97 to
P90

17to 24 17t0 24 G3, G,
G2, H4,
H3, H2,
J4,J3

Input/
Output

8-bit input/output pins

PA7 to
PAO

33 to 33 to M3, N1,

35,37 35,37 M4, P1,

to 41 to 41 P2, N3,
P3, R3

Input/
Output

8-bit input/output pins

PB7 to
PBO

112to 112to B13,
119 119 C12,
A13,
B12,
D11,
A12,
C11,
B11

Input/
Output

8-bit input/output pins

PC7 to
PCO

251032 251032 J2, K4,
K3, K1,
K2, L1,
L4, M2

Input/
Output

8-bit input/output pins

RENESAS
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Pin No.

H8S/2462 H8S/2463 H8S/2472
Type Symbol  144-Pin  144-Pin  176-Pin  |/O

Name and Function

1/O ports PD7 to 59 to 66 59 to 66 M10, Input/

PDO

N10, Output
R10,
P10,
N11,
R11,
P11,
M11

8-bit input/output pins

PE7 to 5110 58 51 to 58 R7, M8, Input/

8-bit input/output pins

PEO N8, R8, Output
P8, M9,
N9, R9
PF6 10 10 E3 Input/  7-bit input/output pins.
Output Pins PF5 to PF2 are supported
PF5 to _ _ A4, B4, only by the H85/2472 Group.
PF2 D4, G13
PF1,PFO 92,93 92,93 G5,
G14
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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 CPUs object programs
¢ 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-and-accumulate instruction
e 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: 2 states
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— 16 + 8-bit register-register divide: 12 states
— 16 x 16-bit register-register multiply: 3 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 the SLEEP instruction

— CPU clock speed selection
Note: * Normal mode is not available in this LSI.
211 Differ ences between H8S/2600 CPU and H8S/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are shown below.

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

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

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 2% 12

MULXU.W Rs, ERd 2 20
MULXS MULXS.B Rs, Rd 3 13

MULXS.W Rs, ERd 3 21
CLRMAC CLRMAC 1% Not supported
LDMAC LDMAC ERs,MACH 1*

LDMAC ERs,MACL 1%
STMAC STMAC MACH,ERd 1%

STMAC MACIERd 1*

Note: * This becomes one state greater immediately after a MAC instruction.

In addition, there are differences in address space, CCR and EXR register functions,
and 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:

More general registers and control registers

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

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.

Enhanced addressing

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

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.
— Signed multiply and divide instructions have been added.

— A multiply-and-accumulate instruction has been added.

— Two-bit shift instructions have been added.

— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.

Higher speed

— Basic instructions execute twice as fast.

2.1.3 Differences from H8/300H CPU

In comparison to the H8/300H CPU, the H8S/2600 CPU has the following enhancements:

More control registers

— One 8-bit and two 32-bit control registers have been added.

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.
— A multiply-and-accumulate instruction has been added.

— Two-bit shift instructions have been added.

— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.

Higher speed

— Basic instructions execute twice as fast.
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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.

221 Normal Mode
The exception vector table and stack have the same structure as in the H8/300 CPU.

e Address Space
Linear access to a 64-kbyte maximum address space is provided.
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. 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.

e Instruction Set

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

e Exception Vector Table and Memory Indirect Branch Addresses

In normal mode the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The exception vector table structure in normal mode is
shown in figure 2.1. For details of the exception 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 area from H'0000 to
H'00FF. Note that the first part of this range is also used for the exception vector table.

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.
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H'0000
H'0001

H'0002
H'0003
H'0004
H'0005
H'0006
H'0007
H'0008
H'0009
H'000A
H'000B

- Exception vector 1

- - Exception vector 2

. Exception vector 3

- Exception vector 4

N Exception
vector table

- - Exception vector 5

- Exception vector 6

N

Figure2.1 Exception Vector Table (Normal Mode)

SP—

PC

(16 bits)

\/\

(a) Subroutine Branch

sP —

%2
(SP =)

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.

\_/\

EXR*1

Reserved*1:+3

CCR

CCRx*3

PC
(16 bits)

(b) Exception Handling

\_/\

Figure2.2 Stack Structurein Normal Mode
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2.2.2 Advanced Mode

e Address Space
Linear access to a 16-Mbyte maximum address space is provided.
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.

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

In advanced mode, the top area starting at H'00000000 is allocated to the exception 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 vector table, see section 4,
Exception Handling.

H'00000000 Reserved
o Exception vector 1 o
H'00000003
H00000004 | ~ Reserved |
o Exception vector 2 o
H'00000007 | N
H'00000008 Reserved
""""""""""""""""""""" > Exception vector table
o Exception vector 3 o
H'0000000B
H'0000000C | Reserved
o Exception vector 4 o
H'00000010 Reserved
o Exception vector 5 o

Figure2.3 Exception 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 is a reserved area that is
regarded as H'00. Branch addresses can be stored in the area from H'00000000 to H'O00000FF.
Note that the first part of this range is also used for the exception 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. When
EXR is not pushed onto the stack in interrupt control mode 0. For details, see section 4,
Exception Handling.

\/\\/\

SP —~ EXR*!
SP— Reserved 5 Reserved* > +3
___________________________ #
(SP —) CCR

- - PC -
- (24 bits) [ R 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.

Figure2.4 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.5 shows a memory map for 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 16-Mbyte
H'FFFF
H'OOFFFFFF | __ ___ __________
Cannot be
used in this LSI
H'FFFFFFFF
(a) Normal Mode (b) Advanced Mode

Program area

Data area

Figure2.5 Memory Map
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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. The control registers are a 24-bit program counter (PC), an
8-bit extended control 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
ERT E1 R1H RIL
ER2 E2 R2H RoL
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
I PC |

76543210
ExR [T]-]-[-]-]i2]11]io

76543210

cer [1Jur]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 U: User bit
EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12to 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

Figure2.6 CPU Registers
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241 General Registers

The H8S/2600 CPU has eight 32-bit general registers. These general registers are all functionally
identical 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 of 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 of 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-bit registers * 8-bit registers
* 32-bit registers

E registers (extended registers)
(EOto E7)

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

RL registers
(ROL to R7L)

Figure2.7 Usageof General Registers
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Free area

SP (ER7) —»]

Stack area

/\/

242

Program Counter (PC)

Figure2.8 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 Control Register (EXR)

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

Initial
Bit Bit Name Value R/W Description
7 T 0 R/W  Trace Bit
When this bit is set to 1, a trace exception is generated
each time an instruction is executed. When this bit is
cleared to 0, instructions are executed in sequence.
6103 — 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 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. NMl is
accepted regardless of the | bit setting. The | bit is set to
1 at the start of an exception-handling sequence. For
details, refer to section 5, Interrupt Controller.

Undefined R/W

User Bit or Interrupt Mask Bit

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

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.

Undefined R/W

User Bit

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

Undefined R/W

Negative Flag

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

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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Initial
Bit Bit Name Value R/W Description
1 Vv Undefined R/W Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to 0 at other times.

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
e Shift and rotate instructions, to indicate a carry

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

245 Multiply-Accumulate Register (MAC)

This 64-bit register stores the results of multiply-and-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 Registers

Reset exception handling loads the CPU’s program counter (PC) from the vector table, clears the
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV.L instruction executed immediately
after a reset.

Rev. 2.00 Aug. 20, 2008 Page 37 of 1198
RENESAS REJ09B0403-0200



Section2 CPU

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,

..., 1) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

251 General Register Data Formats

Figure 2.9 shows the data formats in general registers.

Data Type Register Number Data Format
7 0
1-bit data At 756555453525‘iol_____P_O_”:t_c_a_r?___...:
___________________ 7 0
1-bit data RnL E Don't care |7:6:5:4: 3121110
7 43 o i
4-bit BCD data RnH | Upper | Lower | Don't care H
.................. J
___________________ 7 4 3 0
4-bit BCD data RnL i Don't care | Upper | Lower |
7 O
Byte data RnH EEERERE Dontcare |
1 1 1 L L L L
MSB LSB
___________________ 7 0
Byte data RnL : Don't care | REERERE
"""""""""" MSB LsB

Figure2.9 General Register Data Formats (1)
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Data Type

Word data Rn

Word data En

Register Number

Data Format

MSB

Longword data ERn

31

MSB

[Legend]

ERn:
En:
Rn:
RnH:
RnL:

MSB:

LSB:

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

En

Figure2.9 General Register Data Formats (2)

RENESAS
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252 Memory Data For mats

Figure 2.10 shows the data formats in memory. The H8S/2600 CPU can access word data and
longword data in memory, however 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, an address error does not
occur, however the least significant bit of the address is regarded as 0, so access begins 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 or

longword.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M+1

Address 2N
Address 2N+1
Address 2N+2

Address 2N+3

7

Data Format

/\/

0

7 6 |5]a]3]2]1]o

MSBE

LS8

B
e
MSB:

\LSB|

/\/

Figure2.10 Memory Data Formats
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2.6 Instruction Set
The H8S/2600 CPU has 69 instructions. The instructions are classified by function in table 2.1.

Table2.1 Instruction Classification

Function Instructions Size  Types
Data transfer MOV B/W/L 5
POP*', PUSH*’ WI/L
LDM, STM L
MOVFPE*’, MOVTPE*® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 23
operation ADDX, SUBX, DAA, DAS B
INC, DEC B/WI/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/W/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 Bec*?, 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; W-word; L-longword.
1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+,Rn and MOV.W Rn, @-SP.
POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+,ERn and
MOV.L ERn,@-SP.
2. Bcc is the general name for conditional branch instructions.
Cannot be used in this LSI.
4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

w
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26.1 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.

Table2.2 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 control 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 XOR

- 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 ER?7).
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Table2.3 Data Transfer Instructions
Instruction Size* Function
MOV B/W/L  (EAs) > Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP WiL @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 WI/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: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.4  Arithmetic Operations Instructions (1)

Instruction Size*

Function

ADD B/W/L Rd+Rs—>Rd, Rdz+#MM— Rd

SuUB 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=z+C — Rd

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

INC BWL 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: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.4  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/W/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/W/L 0-Rd— Rd
Takes the two’s complement (arithmetic complement) of data in a
general register.
EXTU W/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.
Note: 1. 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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Table2.5

L ogic Operations I nstructions

Instruction Size* Function

AND B/W/L RdARs—Rd, Rda#MM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/W/L RdvRs—Rd, Rdv#MM— Rd
Performs a logical OR operation on a general register and another
general register or immediate data.
XOR B/W/LL 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: * Refers to the operand size.
B: Byte
W: Word
L: Longword
Table2.6  Shift Instructions

Instruction Size* Function

SHAL B/W/L  Rd (shift) -> Rd

SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shifts are possible.

SHLL B/W/L  Rd (shift) > Rd

SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shifts are possible.

ROTL B/W/L  Rd (rotate) —» Rd

ROTR Rotates general register contents.
1-bit or 2-bit rotations are possible.

ROTXL B/W/L  Rd (rotate) -» Rd

ROTXR Rotates general register contents through the carry flag.
1-bit or 2-bit rotations are possible.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.7 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.

C A [~(<bit-No.> of <EAd>)] —» C

BIAND B 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.

C v [~(<bit-No.> of <EAd>)] - C

BIOR B 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: * Refers to the operand size.
B: Byte
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Table2.7 Bit Manipulation Instructions (2)

Instruction Size**  Function

BXOR B C @ (<bit-No.> of <EAd>) —» C
XORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.
C @ [~(<bit-No.> of <EAd>)] > C

BIXOR B XORs 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: * Refers to the operand size.

B: Byte
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Table2.8 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 CvzZ=0
BLS Low or same CvzZ=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) Cc=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 ZviIN®eV)=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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Table2.9

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
Moves general register or memory contents 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 XORs the CCR or EXR contents with immediate data.
NOP — PC+2—>PC
Only increments the program counter.
Note: * Refers to the operand size.

B: Byte
W: Word
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Table2.10 Block Data Transfer Instructions

Instruction

Size Function

EEPMOV.B

EEPMOV.W

if R4L # 0 then
Repeat @ER5+ — @ERG6+
R4L-1 — RA4AL
Until R4L = 0
else next;

if R4 # 0 then
Repeat @QER5+ — @ER6+
R4-1 — R4
Until R4 = 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 ER6.

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

completed.

RENESAS
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2.6.2 Basic Instruction For mats

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

Figure 2.11 shows examples of instruction formats.

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, and 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.
¢ Condition Field

Specifies the branching condition of Bcce 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 rn 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.

Figure2.11 Instruction Formats (Examples)
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2.7 Addressing M odes and Effective Address Calculation

The H8S/2600 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. 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 the 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.

Table2.11 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

271 Register Direct—Rn

The register field of the instruction 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.

27.2 Register Indirect—@ERnN

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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273 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, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

274 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN

Register indirect with post-increment—@ERnN+: 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 the word or longword transfer instructions, 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 is 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 the word or longword transfer instructions, the register value should be even.

275 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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Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FFOO0 to H'FFFF H'FFFFOO0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'000000 to H'007FFF,
H'FF8000 to HFFFFFF

32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

Note: Normal mode is not available in this LSI.

2.7.6 I mmediate—#xx: 8, #xx:16, or #xx:32

The instruction 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.

2717 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 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'0000FF 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 0 (H'00).

Note that the first part of the address range is also the exception 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

\_/_\

Branch address

\_/_\

(a) Normal Mode* (a) Advanced Mode

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

Figure2.12 Branch Address Specification in Memory Indirect Mode
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279 Effective Address Calculation

Table 2.13 indicates how effective addresses 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.

Table2.13 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)

1 Register direct(Rn)

[ o [m][m]

2 Register indirect(@ERnN) 31 0 31 2423 0

| General register contents l———lDon't carel
Lo [ ] |

3 | Register indirect with displacement
@(d:16,ERN) or @(d:32,ERN) 31 0
[ I General register contents

| 31 2423 0

| op | r| disp ——lDon'tcarel

Operand is general register contents.

o

31
| Sign extension | disp

4 Register indirect with post-increment or

pre-decrement 31 0
*Register indirect with post-increment @ ERn+ I N
| General register contents
[
Lo [ ] |
*Register indirect with pre-decrement @-ERn 31
I General register contents 0
[
Lo [] ]
Operand Size
Byte 1
Word 2
Longword 4
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Table2.13 Effective Address Calculation (2)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 Absolute address
@aa:8 31 2423 87
o] ]
@aa:16 31 2423 16 15
| op | abs | |Don't carel Sign extensionl
@aa:24 31 2423
| op | abs | |Don't carel
@aa:32
op 31 2423
abs |Don't carel
6 | Immediate
HOB/XX16/40c:32 Operand is immediate data.
op IMM
7 Program-counter relative 23 0
@(d:8,PC)/@(d:16,PC) | PC contents h
op disp
31 2423
|Don't carel
8 Memory indirect @ @aa:8
* Normal mode*
‘ - I
EXEN H000000 | ans |
15 0 31 2423 16 15
Memory contents | |Don't carel H'00
* Advanced mode
‘ - I
EENECE H000000 | abs | 31 2423
31 0 |Don't carel
Memory contents | 1
1
Note: * Normal mode is not available in this LSI.
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2.8 Processing States

The H8S/2600 CPU has four main processing states: the reset state, exception handling state,
program execution state and power-down state. Figure 2.13 indicates the state transitions.

Reset State

In this state, the CPU and all on-chip peripheral modules are initialized and not operating.
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.

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 vector table and branches to that
address. For further details, refer to section 4, Exception Handling.

Program Execution State

In this state, the CPU executes program instructions in sequence.

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 software standby mode. For further
details, refer to section 28, Power-Down Modes.
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End of bus request

Bus request
Program execution
state SLEEP
Fer:q%g;tbus instruction
SLEEP with
EaLiqSlJest wist,;ruction SSBY =0
Y PSS =0 and
SSBY =
Bus-released state
Request for
Sggegftion exception —
handiing handling Sleep mode
Interrupt
request
Exception-handling state
[ External interrupt Software standby mode
request

RES = high
\ STBY = High, RES = Low -
Reset state™’ - : Hardware standby mode ™

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. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2.13 State Transitions

Rev. 2.00 Aug. 20, 2008 Page 60 of 1198
REJ09B0403-0200 RENESAS




Section2 CPU

2.9 Usage Note

291 Notes on Using the Bit Operation Instruction

Instructions BSET, BCLR, BNOT, BST, and BIST read data in byte units, and write data in byte
units after bit operation. Therefore, attention must be paid when these instructions are used for
ports or registers including write-only bits.

Instruction BCLR can be used to clear the flag in the internal I/O register to 0. If it is obvious that
the flag has been set to 1 by the interrupt processing routine, it is unnecessary to read the flag
beforehand.
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Section 3 MCU Operating Modes

31 Operating Mode Selection

This LSI supports one operating mode (mode 2). The operating mode is determined by the setting
of the mode pins (MD2 and MD1). Table 3.1 shows the MCU operating mode selection.

Table3.1 MCU Operating Mode Selection

MCU Operating CPU Operating
Mode MD2 MD1 Mode Description
2 1 1 Advanced Extended mode with on-chip ROM

Single-chip mode

Mode 2 is single-chip mode after a reset. The CPU can switch to extended mode by setting bit
EXPE in MDCR to 1.

Modes 0, 1, 3, 5, and 7 are not available in this LSI. Modes 4 and 6 are operating mode for a
special purpose. Thus, mode pins should be set to enable mode 2 in normal program execution
state. Mode pins should not be changed during operation.
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3.2 Register Descriptions

The following registers are related to the operating mode. For details on the bus control register
(BCR), see section 6.3.1, Bus Control Register (BCR), and for details on bus control register 2
(BCR2), see section 6.3.2, Bus Control Register 2 (BCR2).

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

e Serial timer control register (STCR)

321 Mode Control Register (MDCR)

MDCR is used to set an operating mode and to monitor the current operating mode.

Initial

Bit Bit Name  Value R/W Description
7 EXPE 0 R/W Extended Mode Enable

Specifies extended mode.

0: Single-chip mode

1: Extended mode
6to3 — AllO R Reserved
2 MDS2 —* R Mode Select 2 and 1
1 MDSH1 —* R These bits indicate the input levels at mode pins (MD2

and MD1) (the current operating mode). Bits MDS2 and
MDS1 correspond to MD2 and MD1, respectively. MDS2
and MDS1 are read-only bits and they cannot be written
to. The mode pin (MD2 and MD1) input levels are latched
into these bits when MDCR is read. These latches are
canceled by a reset.

0 — — R Reserved

Note: * The initial values are determined by the settings of the MD2 and MD1 pins.
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3.2.2

System Control Register (SYSCR)

SYSCR selects a system pin function, monitors a reset source, selects the interrupt control mode
and the detection edge for NMI, enables or disables register access to the on-chip peripheral
modules, and enables or disables on-chip RAM address space.

Bit

Bit Name

Initial
Value

R/W

Description

7

CS256E

0

R/W

Chip Select 256 Enable

Enables or disables P97/WAIT/CS256 pin function in
extended mode.

0: P97/WAIT pin

WAIT pin function is selected by the settings of
WSCR and WSCR2.

1: CS256 pin

Outputs low when a 256-kbyte expansion area of
addresses H'F80000 to H'FBFFFF is accessed.

6

IOSE

0

R/W

I0S Enable

Enables or disables AS/10S pin function in extended
mode.

0: AS pin
Outputs low when an external area is accessed.
1: 10S pin

Outputs low when an IOS expansion area of
addresses H'FFF000 to H'FFF7FF is accessed.

4

INTMA1
INTMO

R/W

These bits select the control mode of the interrupt
controller. For details on the interrupt control modes, see
section 5.6, Interrupt Control Modes and Interrupt
Operation.

00: Interrupt control mode 0
01: Interrupt control mode 1
10: Setting prohibited
11: Setting prohibited
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Initial
Bit Bit Name Value R/W Description
3 XRST 1 R External Reset
This bit indicates the reset source. A reset is caused by an
external reset input, or when the watchdog timer
overflows.
0: A reset is caused when the watchdog timer
overflows.
1: A reset is caused by an external reset.
2 NMIEG 0 R/W NMI Edge Select
Selects the valid edge of the NMI interrupt input.
0: An interrupt is requested at the falling edge of NMI
input
1: An interrupt is requested at the rising edge of NMI
input
1 — 0 R/W Reserved
The initial value should not be changed.
0 RAME 1 R/W RAM Enable

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

0: On-chip RAM is disabled
1: On-chip RAM is enabled

323 Serial Timer Control Register (STCR)

STCR enables or disables register access, IIC operating mode, and on-chip flash memory, and
selects the input clock of the timer counter.

Description

Initial
Bit Bit Name Value R/W
lICX2 0 R/W
IICX1 0 R/W
IICX0 0 R/W

IIC Transfer Rate Select 2, 1, and 0

These bits control the IIC operation. These bits select a
transfer rate in master mode together with bits CKS2 to
CKSO0 in the I’C bus mode register (ICMR). For details on
the transfer rate, see table 18.3.
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Bit

Bit Name

Initial
Value

R/W

Description

4

0

R/W

Reserved
The initial value should not be changed.

3

FLSHE

0

R/W

Flash Memory Control Register Enable

Enables or disables CPU access for flash memory
registers (FCCS, FPCS, FECS, FKEY, FMATS, FTDAR),
control registers of power-down states (SBYCR,
LPWRCR, MSTPCRH, MSTPCRL), and control registers
of on-chip peripheral modules (BCR2, WSCR2, PCSR,
SYSCR2).
0: Area from H'FFFE88 to H'FFFESF is reserved.
Area from H'FFFEAO to H'FFFEBF is allocated to
registers of AD, serial multiplexed functions, and I/0
ports.
Area from H'FFFF80 to H'FFFF87 is allocated to control
registers of power-down states and on-chip peripheral
modules.
1: Area from H'FFFE88 to H'FFFESF is allocated to
control registers of flash memory.
Area from H'FFFEAO to H'FFFEBEF is reserved.
Area from H'FFFF80 to H'FFFF87 is reserved.

1

R/(W)

Reserved
The initial value should not be changed.

1
0

ICKS1
ICKSO

0
0

R/W
R/W

Internal Clock Source Select 1, 0

These bits select a clock to be input to the timer counter
(TCNT) and a count condition together with bits CKS2 to
CKSO0 in the timer control register (TCR). For details, see
section 11.2.4, Timer Control Register (TCR).
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3.3 Operating Mode Descriptions

331 Mode 2

The CPU can access a 16 Mbytes address space in advanced mode. The on-chip ROM is enabled.

After a reset, the LSI is set to single-chip mode. To access an external address space, bit EXPE in
MDCR should be set to 1.

Normal extended mode

In extended mode, ports 1, 2 (P23 to P20), and 4 (P47 to P44) function as input ports after a
reset.

Ports 1 and 2 function as an address bus by setting 1 to the corresponding port data direction
register (DDR). Port 3 functions as a data bus port, and parts of port 9 and port C carry bus
control signals. Ports 4 (P43 to P40) and 6 (P63 to P60) function as a data bus port when the
ABW bit in WSCR is cleared to 0.

Multiplex extended mode

When 8-bit bus is specified, port 1 functions as the port for address output and data
input/output regardless of the setting of the data direction register (DDR). Ports 2 (P23 to P20)
and 4 (P47 to P44) can be used as a general port.

When 16-bit bus is specified, ports 1, 2 (P23 to P20), and 4 (P47 to P44) function as the port
for address output and data input/output regardless of the setting of the data direction register
(DDR).
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34 AddressMap

Figure 3.1 shows the memory map in operating modes.

ROM: 512 Kbytes, RAM: 40 Kbytes ROM: 512 Kbytes, RAM: 40 Kbytes
Mode 2 (EXPE = 1) Mode 2 (EXPE = 0)
Advanced mode Advanced mode
Extended mode with Single-chip mode
on-chip ROM

H'000000 H'000000

On-chip ROM On-chip ROM

H'O7FFFF H'07FFFF

H'080000 L. External address J~

H'F7FFFF] space T

H'F80000 256 Kbytes

H'FBFFFF extended area
H'FC0000 | External address

H'FEFFFF space
H'FF0000 Reserved area H'FF0000 Reserved area
H'FFO7FF H'FFO7FF
H'FF0800 H'FF0800
On-chip RAM* On-chip RAM
(36 Kgytes) (36 Kbytes)
H'FF97FF H'FF97FF
H'FF9800 H'FF9800
Reserved area
«
Reserved area H'FFBFFF
H'FFDFFF
H'FFEO00 | External address
H'FFEO7F space
H'FFE080 On-chip RAM: H'FFE080 On-chip RAM
HFFEFFF | (3,968 bytes) H'FFEFFF [ (3,968 bytes)
H'FFFO00 Extergaéggdress
H'FFF7FF |_(10S ext%nded area) HEFF800 )
H'FFF800 Internal /0 Internal |
H'FFFE3F registers 3 H'FFFE3F lreglsteﬁ/g
' Tnt 170 H'FFFE40 nternal
s drerere | Taoane
! —chi * H'FFFF00 n-chip
HEEEF90 %q;gg’y@’g)“" HFFFF7F (128 bytes)
H'FFFE80 nternal 70 H'FFFF80 Internal /0
H'FEEFFF registers 1 H'FFFFFF registers 1

Notes: * These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure3.1 AddressMap
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41

Section 4 Exception Handling

Exception Handling Typesand Priority

As table 4.1 indicates, exception handling may be caused by a reset, interrupt, illegal instruction,
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.

Table4.1

Priority Exception Type

Exception Typesand Priority

Start of Exception Handling

High

A

Low

Reset

Starts immediately after a low-to-high transition of the RES
pin, or when the watchdog timer overflows.

lllegal instruction

Started by execution of an undefined code.

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 (TRAPA) instruction. Trap
instruction exception handling requests are accepted at all
times in program execution state.
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4.2 Exception Sour ces and Exception Vector Table

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

Table4.2 Exception Handling Vector Table

Vector Address

Exception Source Vector Number Advanced Mode
Reset 0 H'000000 to H'000003
Reserved for system use 1| H'000004 to H'000007
3 H'OOOOOC| to H'0O0000F
lllegal instruction 4 H'000010 to H'000013
Reserved for system use 5 H'000014 to H'000017
6 H'000018 to H'00001B
External interrupt (NMI) 7 H'00001C to H'00001F
Trap instruction (four sources) 8 H'000020 to H'000023
9 H'000024 to H'000027
10 H'000028 to H'00002B
11 H'00002C to H'00002F
Reserved for system use 1|2 H'000030 to H'000033
15 H'00003C| to H'0O0003F
External interrupt IRQO 16 H'000040 to H'000043
IRQ1 17 H'000044 to H'000047
IRQ2 18 H'000048 to H'00004B
IRQ3 19 H'00004C to H'00004F
IRQ4 20 H'000050 to H'000053
IRQ5 21 H'000054 to H'000057
IRQ6 22 H'000058 to H'00005B
IRQ7 23 H'00005C to H'00005F
Internal interrupt* 2|4 H'00006(|) to H'000063
29 H'000074 to H'000077
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Vector Address

Exception Source Vector Number Advanced Mode
Reserved for system use 30 H'000078 to H'00007B
| |
33 H'000084 to H'000087
Internal interrupt* 3|4 H'00008£|3 to H'00008B
55 H'0000DC to H'0000DF
External interrupt IRQ8 56 H'0000EO to H'0O000E3
IRQ9 57 H'0000E4 to H'0000E7
IRQ10 58 H'0000E8 to H'0000EB
IRQ11 59 H'0000EC to H'0000EF
IRQ12 60 H'0000FO0 to H'0000F3
IRQ13 61 H'0000F4 to H'0000F7
IRQ14 62 H'0000F8 to H'0000FB
IRQ15 63 H'0000FC to H'0000FF
Internal interrupt* 64 H'000100 to H'000103
1|19 H'OOO1Dl.'2 to H'0001DF

Note: * For details on the internal interrupt vector table, see section 5.5, Interrupt Exception
Handling Vector Table.
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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-on. 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 12, Watchdog Timer
(WDT).

431 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
and the I bit in CCRis set to 1.

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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Vector Internal Prefetch of first
. fet:ch ‘:Erocessing:AprogramTEstruction

c ML
w

Internal address bus ;X (Mmu :X (1;L ;X ®) ;X:
Internal read signal | E | I E
Internal write signal ; ; High ; ; ;
Internal data bus i @ @ i (4) I

(1) Reset exception handling vector address (1) U = H'000000 (1) L = H'000002
(2) Start address (contents of reset exception handling vector address)

(3) Start address ((3) = (2)U + (2)L)

(4) First program instruction

Figure4.1 Reset Sequence

432 Interrupts after Reset

If an interrupt is accepted after a reset and 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).

433 On-Chip Peripheral Modules after Reset is Cancelled

After a reset is cancelled, the module stop control registers (MSTPCR, MSTPCRA, and
SUBMSTPB) are initialized, and all modules except the DTC operate in module stop mode.
Therefore, the registers of on-chip peripheral modules cannot be read from or written to. To read
from and write to these registers, clear module stop mode.
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4.4 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The sources to start interrupt exception
handling are external interrupt sources (NMI and IRQ15 to IRQO) and internal interrupt sources
from the on-chip peripheral modules. NMI is an interrupt with the highest priority. For details, see
section 5, Interrupt Controller.

Interrupt exception handling is conducted as follows:

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

2. 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 begins from that address.

45 Trap Instruction Exception Handling

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.

Trap instruction exception handling is conducted as follows:

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

2. 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 4.3 shows the status of CCR after execution of trap instruction exception handling.

Table4.3 Statusof CCR after Trap Instruction Exception Handling

CCR
Interrupt Control Mode I ul
0 Setto 1 Retains value prior to
execution
1 Setto 1 Setto 1
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4.6 Stack Status after Exception Handling

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

Advanced mode

N——

SP —» CCR

,,,,, PC I

) N

Figure4.2 Stack Statusafter Exception Handling
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4.7 Usage Note

When accessing word data or longword data, this LSI assumes that the lowest address bit is 0. The
stack should always be accessed in words or longwords, and the value of the stack pointer (SP:
ER?7) 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 what
happens when the SP value is odd.

N—— N—— N—___—_ | Address
CCR SP — R1L H'FFFEFA
SP —» H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
] e e e e H'FFFEFF
TRAPA instruction executed MOV.B R1L, @-ER7 executed
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.

Figure4.3 Operation When SP Valueis Odd
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Section 5 Interrupt Controller

51 Features

Two interrupt control modes

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

Priorities settable with ICR

An interrupt control register (ICR) is provided for setting interrupt priorities. Priority levels
can be set for each module for all interrupts except NMI.

Three-level interrupt mask control

By means of the interrupt control mode, I and UI bits in CCR, and ICR, 3-level interrupt mask
control is performed.

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.

Thirty-three external interrupts

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling-edge, rising-edge, or both-edge detection, or level
sensing, can be selected for IRQn (n = 15 to 0) and ExIRQn (n = 15 to 0).

DTC control
The DTC can be activated by an interrupt request.
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INTM1, INTMO CcPU
SYSCR]|
NMIEG ‘
NMI input > NMI input - Interrupt
request
) — 1 IRQ input ——
IR t
Q inpu _ ISR ——

Vector number

ISCR Priority level

determination

I, Ul
] CCR |
Internal interrupt sources
SWDTEND to EINT
A
ICR
Interrupt controller
[Legend]
ICR: Interrupt control register
ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register
SYSCR:  System control register
Figure5.1 Block Diagram of Interrupt Controller
5.2 I nput/Output Pins
Table 5.1 summarizes the pins of the interrupt controller.
Table5.1 Pin Configuration
Symbol 110 Function
NMI Input Nonmaskable external interrupt
Rising edge or falling edge can be selected
IRQ15to IRQO  Input Maskable external interrupts
ExIRQ15 to Rising edge, falling edge, or both edges, or level sensing can be
ExIRQO selected individually for each pin. Pin of IRQn or ExIRQn to input

IRQnN (n = 15 to 0) interrupt can be selected.
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53 Register Descriptions

The interrupt controller has the following registers. For details on the system control register
(SYSCR), see section 3.2.2, System Control Register (SYSCR), and for details on the IRQ sense
port select registers (ISSR16 and ISSR), see section 8.3.1, IRQ Sense Port Select Register 16
(ISSR16), IRQ Sense Port Select Register (ISSR).

o Interrupt control registers A to D (ICRA to ICRD)

e Address break control register (ABRKCR)

e Break address registers A to C (BARA to BARC)

e IRQ sense control registers (ISCR16H, ISCR16L, ISCRH, and ISCRL)
e JRQ enable registers (IER16 and IER)

e [IRQ status registers (ISR16 and ISR)

531 Interrupt Control Registers A to D (ICRA to ICRD)
The ICR registers set interrupt control levels for interrupts other than NMIL.

The correspondence between interrupt sources and ICRA to ICRD settings is shown in table 5.2.

Initial
Bit Bit Name Value R/W Description

7to 0 ICRNn7 to All O R/W Interrupt Control Level

IRCnO 0: Corresponding interrupt source is interrupt control level
0 (no priority)
1: Corresponding interrupt source is interrupt control level
1 (priority)
[Legend]
n: AtoD
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Table5.2 Correspondence between Interrupt Source and ICR
Register
Bit Bit Name ICRA ICRB ICRC ICRD
7 ICRn7 IRQO A/D converter SCI_3 IRQ8 to IRQ11
6 ICRn6 IRQ1 FRT SCI_1 IRQ12 to IRQ15
5 ICRn5 IRQ2, IRQ3 — SSU EtherC
4 ICRn4 IRQ4, IRQ5 TMR_X lIC_0 —
3 ICRn3 IRQ6, IRQ7 TMR_0 lIC_1 —
2 ICRn2 DTC TMR_1 lIC_2,11C_3 PECI*®
1 ICRn1 WDT_0 TMR_Y LPC SCIF
0 ICRNnO WDT_1 IIC_4,11C_5 usB*' —
[Legend]
n: AtoD

— Reserved. The write value should always be 0.
Notes: 1. Supported only by the H8S/2472 Group.

2. Supported only by the H8S/2472 Group and the H8S/2462 Group.

532 Address Break Control Register (ABRKCR)

ABRKCR controls the address breaks. When both the CMF flag and BIE flag are set to 1, an
address break is requested.

Initial

Bit Bit Name Value R/W  Description

7 CMF Undefined R Condition Match Flag

Address break source flag. Indicates that an address
specified by BARA to BARC is prefetched.

[Clearing condition]

When an exception handling is executed for an address

break interrupt.
[Setting condition]

When an address specified by BARA to BARC is
prefetched while the BIE flag is set to 1.

6to1 —

AllO R Reserved

These bits are always read as 0 and cannot be modified.

0 BIE

0 R/W  Break Interrupt Enable

Enables or disables address break.

0: Disabled
1: Enabled
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533 Break Address Registers A to C (BARA to BARC)

The BAR registers specify an address that is to be a break address. An address in which the first
byte of an instruction exists should be set as a break address.

e BARA

Initial
Bit Bit Name Value R/W Description
7to0 A23to A16 AllO R/W Addresses 23 to 16

The A23 to A16 bits are compared with A23 to A16 in the
internal address bus.

e BARB

Initial
Bit Bit Name Value R/W Description
7to0 A15t0 A8 AllO R/W Addresses 1510 8

The A15 to A8 bits are compared with A15 to A8 in the
internal address bus.

e BARC

Initial
Bit Bit Name Value R/W Description
7to1 A7to A1 All O R/W Addresses 7 to 1

The A7 to A1 bits are compared with A7 to A1 in the
internal address bus.

0 — 0 R Reserved
This bit is always read as 0 and cannot be modified.
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534 IRQ Sense Control Registers (ISCR16H, ISCR16L, ISCRH, ISCRL)

The ISCR registers select the source that generates an interrupt request at pins IRQ15 to IRQO or
pins EXIRQ15 to ExIRQO.

e ISCR16H
Initial
Bit Bit Name Value R/W Description
7 IRQ15SCB 0 R/W IRQn Sense Control B
6 IRQ15SCA 0 R/W IRQnN Sense Control A
5 IRQ14SCB 0 RW 00: Interrupt.request generated at low level of IRQn* or
ExIRQn input
4 IRQ14SCA 0 R/W 01: Interrupt request generated at falling edge of IRQn* or
3 IRQ13SCB 0 R/W ExIRQn input
2 IRQ13SCA 0 R/W 10: Interrupt request generated at rising edge of IRQn* or
1 IRQ12SCB 0 RIW ExIRQn input
0 IRQ12SCA 0 R/W 11: Interrupt request generated at both falling and rising

edges of IRQn* or ExIRQnN input
(n=151t012)

Note: * [RQn stands for IRQ15 to IRQ12.

e ISCRI16L
Initial
Bit Bit Name Value R/W Description
7 IRQ11SCB 0 R/W IRQn Sense Control B
6 IRQ11SCA 0 R/W IRQn Sense Control A
5 IRQ10SCB 0 RIW 00: Interrupt. request generated at low level of IRQn* or
010G ) ExIRQn input
4 IRQ10SCA 0 R/W —
01: Interrupt request generated at falling edge of IRQn* or
3 IRQ9SCB 0 R/W ExIRQn input
2 IRQOSCA 0 R/W  10: Interrupt request generated at rising edge of IRQn* or
1 IRQ8SCB 0 R/W ExIRQn input
0 IRQ8SCA O R/W 11: Interrupt request generated at both falling and rising

edges of IRQn* or ExIRQn input
(n=11108)

Note: * [IRQn stands for IRQ11 to IRQ8.
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e ISCRH
Initial
Bit Bit Name Value R/W Description
7 IRQ7SCB 0 R/W IRQn Sense Control B
6 IRQ7SCA 0 R/W IRQn Sense Control A
5 IRQ6SCB 0 RIW 00: Interrupt. request generated at low level of IRQn or
Q6SGC w ExIRQn input
4 IRQ6SCA 0 R __
01: Interrupt request generated at falling edge of IRQn or
3 IRQ5SCB 0 R/W ExIRQn input
2 IRQ5SCA 0 R/W  10: Interrupt request generated at rising edge of IRQn or
1 IRQ4SCB 0 R/W ExIRQn input
0 IRQ4SCA O R/W 11: Interrupt request generated at both falling and rising

edges of IRQn or ExIRQnN input
(n=7104)

Note: * IRQnN stands for IRQ7 to IRQ4.

e ISCRL
Initial
Bit Bit Name Value R/W Description
7 IRQ3SCB 0 R/W IRQn Sense Control B
6 IRQ3SCA 0 R/W IRQn Sense Control A
5 IRQ2SCB 0 RIW 00: Interrupt. request generated at low level of IRQn or
025G w ExIRQn input
4 IRQ2SCA 0 R __
01: Interrupt request generated at falling edge of IRQn or
2 IRQISCA 0 R/W  10: Interrupt request generated at rising edge of IRQn or
1 IRQOSCB 0 R/W ExIRQn input
0 IRQOSCA O R/W 11: Interrupt request generated at both falling and rising

edges of IRQn or ExIRQnN input
(n=31t00)

Note: *  IRQn stands for IRQ3 to IRQO.
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535 IRQ Enable Registers (IER16, |ER)
The IER registers control the enabling and disabling of interrupt requests IRQ15 to IRQO.
e [ERI6

Initial
Bit Bit Name Value R/W Description

7to0 IRQ15Eto AllO R/W IRQn Enable (n =15 to 8)

IRQSE The IRQn interrupt request is enabled when this bit is 1.

e IER
Initial
Bit Bit Name Value R/W Description

7t00 IRQ7Eto AllO R/W IRQnN Enable (n =7 to 0)

IRQOE The IRQn interrupt request is enabled when this bit is 1.
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5.3.6

IRQ Status Registers (ISR16, I SR)

The ISR registers are flag registers that indicate the status of IRQ15 to IRQO interrupt requests.

e [SRI16
Initial
Bit Bit Name Value R/W Description
7to0 IRQ15Fto AllO R/W [Setting condition]
IRQ8F e When the interrupt source selected by the ISCR16
registers occurs
[Clearing conditions]
e When reading 1, then writing O
o When interrupt exception handling is executed when
low-level detection is set and IRQn* or EXIRQn input is
high
¢ When IRQn interrupt exception handling is executed
when falling-edge, rising-edge, or both-edge detection
is set
(n=151t08)
Note: * IRQn stands for IRQ15 to IRQS.
e ISR
Initial
Bit Bit Name Value R/W Description
7t00 IRQ7Fto AllO R/W [Setting condition]
IRQOF e When the interrupt source selected by the ISCR
registers occurs
[Clearing conditions]
o When reading 1, then writing O
¢ When interrupt exception handling is executed when
low-level detection is set and IRQn* or ExIRQn input is
high
¢ When IRQn interrupt exception handling is executed
when falling-edge, rising-edge, or both-edge detection
is set
(n=71t00)
Note: * IRQn stands for IRQ7 to IRQO.
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54 Interrupt Sources

54.1 External Interrupts

There are four external interrupts: NMI, IRQ15 to IRQO. These interrupts can be used to restore
this LSI from software standby mode.

NMI Interrupt: 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 SYSCR can be used to select whether an interrupt is requested at a rising edge or a falling
edge on the NMI pin.

IRQ15to IRQO Interrupts: Interrupts IRQ15 to IRQO are requested by an input signal at pins
IRQ15 to IRQO or pins EXIRQ15 to EXIRQO. Interrupts IRQ15 to IRQO have the following

features:

e The interrupt exception handling for interrupt requests IRQ15 to IRQO can be started at an
independent vector address.

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 IRQ15 to IRQO or pins ExIRQ15 to ExIRQO.

¢ Enabling or disabling of interrupt requests IRQ15 to IRQO can be selected with IER.

o The status of interrupt requests IRQ15 to IRQO is indicated in ISR. ISR flags can be cleared to
0 by software.

The detection of IRQ15 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, clear the
corresponding port DDR to 0 so that it is not used as an I/O pin for another function.

A block diagram of interrupts IRQ15 to IRQO is shown in figure 5.2.
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IRQnE
IRQNSCA, IRQnSCB

‘ IRQnF
IRQn interrupt
| | Ci > Edge/level 1S Q request
detection circuit
IRQn input or R
ExIRQn* input

Clear signal

n=15t00

Figure5.2 Block Diagram of Interrupts IRQ15to IRQO

54.2 Internal Interrupts
Internal interrupts issued from the 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 individually select enabling or disabling of these interrupts. When the
enable bit for a particular interrupt source is set to 1, an interrupt request is sent to the interrupt
controller.

e The control level for each interrupt can be set by ICR.

e The DTC can be activated by an interrupt request from an on-chip peripheral module.

e An interrupt request that activates the DTC is not affected by the interrupt control mode or the
status of the CPU interrupt mask bits.
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55 Interrupt Exception Handling Vector Table

Table 5.3 lists interrupt exception handling sources, vector addresses, and interrupt priorities. For
default priorities, the lower the vector number, the higher the priority. Modules set at the same

priority will conform to their default priorities. Priorities within a module are fixed.

An interrupt control level can be specified for a module to which an ICR bit is assigned. Interrupt
requests from modules that are set to interrupt control level 1 (priority) by the ICR bit setting are
given priority and processed before interrupt requests from modules that are set to interrupt
control level O (no priority).

Table5.3 Interrupt Sources, Vector Addresses, and Interrupt Priorities
Origin of Vector Address
Interrupt Vector
Source Name Number Advanced Mode ICR Priority
External pin NMI 7 H'00001C — High
IRQO 16 H'000040 ICRA7 A
IRQ1 17 H'000044 ICRA6
IRQ2 18 H'000048 ICRA5
IRQ3 19 H'00004C
IRQ4 20 H'000050 ICRA4
IRQ5 21 H'000054
IRQ6 22 H'000058 ICRA3
IRQ7 23 H'00005C
DTC SWDTEND (Software activation 24 H'000060 ICRA2
data transfer end)
WDT_O WOVIO (Interval timer) 25 H'000064 ICRA1
WDT_1 WOVI1 (Interval timer) 26 H'000068 ICRAO
— Address break 27 H'00006C —
A/D converter ADI (A/D conversion end) 28 H'000070 ICRB7
EVC EVENTI 29 H'000074 —
TMR_X CMIAX (Compare match A) 44 H'0000B0 ICRB4
CMIBX (Compare match B) 45 H'0000B4
OVIX (Overflow) 46 H'0000B8
FRT OCIA (Output compare A) 52 H'0000D0 ICRB6
OCIB (Output compare B) 53 H'0000D4
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Origin of Vector Address
Interrupt Vector
Source Name Number Advanced Mode ICR Priority
External pin IRQ8 56 H'0000EO ICRD7 High
IRQ9 57 H'0000E4 A
IRQ10 58 H'0000E8
IRQ11 59 H'0000EC
IRQ12 60 H'0000F0Q ICRD6
IRQ13 61 H'0000F4
IRQ14 62 H'0000F8
IRQ15 63 H'0000FC
TMR_O CMIAO (Compare match A) 64 H'000100 ICRB3
CMIBO (Compare match B) 65 H'000104
ovio (Overﬂow) 66 H'000108
TMR_1 CMIA1 (Compare match A) 68 H'000110 ICRB2
CMIB1 (Compare match B) 69 H'000114
TMR_Y CMIAY (Compare match A) 72 H'000120 ICRB1
CMIBY (Compare match B) 73 H'000124
IIC_2 lICI2 76 H'000130 ICRC2
IIC_3 IICI3 78 H'000138
SCI_3 ERI3 (Reception error 3) 80 H'000140 ICRC7
RXI3 (Reception completion 3) 81 H'000144
TXI3 (Transmission data empty 3) 82 H'000148
TEI3 (Transmission end 3) 83 H'00014C
SCI_1 ERI1 (Reception error 1) 84 H'000150 ICRC6
RXI1 (Reception completion 1) 85 H'000154
TXI (Transmission data empty 1) 86 H'000158
TEI (Transmission end 1) 87 H'00015C
SSuU ERIS (Reception error S) 88 H'000160 ICRC5
RXIS (Reception completion S) 89 H'000164
TXIS (Transmission data empty S) % H'000168
SCIF SCIFI 92 H'000170 ICRD1
IIC_0 IICI0 94 H'000178 ICRC4
IIC_1 lic 98 H'000188 ICRC3
IIC_4 IICl4 100 H'000190 ICRBO
IIC_5 IICI5 102 H'000198 ICRBO
LPC ERR1(transfer error, etc.) 104 H'0001A0 ICRCH1
IBFI1 (IDR1 reception completion) 105 H'0001A4
IBFI2 (IDR2 reception completion) 106 H'0001A8
IBFI3 (IDR3 reception completion) 107 H'0001AC Low
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Origin of Vector Address
Interrupt Vector
Source Name Number Advanced Mode ICR Priority
PECI* PEWFCSEI 108 H'0001B0 ICRD2 High
PERFCSEI 109 H'0001B4 A
PETEI 110 H'0001B8
USB*'(only in RESUME 114 H'0001C8 ICRCO
the H8S/2472) USBINTO 115 H'0001CC
USBINT2 116 H'0001D0
USBINT3 117 H'0001D4
USBINT1 118 H'0001D8
EtherC EINT 119 H'0001DC ICRD5 Low

Notes: 1. Supported only by the H8S/2472 Group.
2. Supported only by the H8S/2472 Group and the H8S/2462 Group.

Rev. 2.00 Aug. 20, 2008 Page 92 of 1198
REJ09B0403-0200 RENESAS



Section 5 Interrupt Controller

5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two modes: Interrupt control mode 0 and interrupt control mode 1.
Interrupt operations differ depending on the interrupt control mode. NMI interrupts and address
break interrupts are always accepted except for in reset state or in hardware standby mode. The
interrupt control mode is selected by SYSCR. Table 5.4 shows the interrupt control modes.

Table5.4 Interrupt Control Modes

Interrupt SYSCR Priority

Control Setting Interrupt

Mode INTM1 INTMO  Registers Mask Bits Description

0 0 0 ICR | Interrupt mask control is performed by
the | bit. Priority levels can be set with
ICR.

1 1 ICR I, Ul 3-level interrupt mask control is

performed by the | and Ul bits. Priority
levels can be set with ICR.

Figure 5.3 shows a block diagram of the priority decision circuit.

I Ul
ICR
Interrupt
Interrupt ——_| acceptance control ——._| Default priority > Vector
source — and 3-level mask || determination number
control

Interrupt control modes
Oand 1

Figure5.3 Block Diagram of Interrupt Control Operation
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Interrupt Acceptance Control and 3-Level Control: In interrupt control modes 0 and 1,
interrupt acceptance control and 3-level mask control is performed by means of the I and UI bits in
CCR and ICR (control level).

Table 5.5 shows the interrupts selected in each interrupt control mode.

Table55 Interrupts Selected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode | ul Selected Interrupts
0 0 * All interrupts (interrupt control level 1 has
priority)
1 * NMI and address break interrupts
1 0 * All interrupts (interrupt control level 1 has
priority)
1 0 NMI, address break, and interrupt control level 1
interrupts
1 NMI and address break interrupts
[Legend]
* Don't care

Default Priority Determination: The priority is determined for the selected interrupt, and a
vector number is generated.

If the same value is set for ICR, acceptance of multiple interrupts is enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with a lower priority than the accepted interrupt source are held pending.

Table 5.6 shows operations and control signal functions in each interrupt control mode.
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Table5.6 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance Control

Interrupt Setting 3-Level Control Default Priority

Control Mode INTM1 INTMO | ul ICR Determination T (Trace)
0 0 0 o IM — PR (0] —

1 1 o M IM PR o _
[Legend]

O: Interrupt operation control performed

IM: Used as an interrupt mask bit

PR: Sets priority

Not used

5.6.1 Interrupt Control Mode 0

In interrupt control mode 0, interrupts other than NMI are masked by ICR and the I bit of the CCR
in the CPU. Figure 5.4 shows a flowchart of the interrupt acceptance operation.

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.

According to the interrupt control level specified in ICR, the interrupt controller accepts an
interrupt request with interrupt control level 1 (priority), and holds pending an interrupt request
with interrupt control level O (no priority). If several interrupt requests are issued, an interrupt
request with the highest priority is accepted according to the priority order, an interrupt
handling is requested to the CPU, and other interrupt requests are held pending.

If the I bit in CCR is set to 1, only NMI and address break interrupt requests are accepted by
the interrupt controller, and other interrupt requests are held pending. If the I bit is cleared to 0,
any interrupt request is accepted. KIN, WUE, and EVENTI interrupts are enabled or disabled
by the I bit.

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

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.

Next, the I bit in CCR is set to 1. This masks all interrupts except for NMI and address break
interrupts.
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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.

!

Program execution state
|

No

Interrupt generated?

Yes

Pending |

An interrupt with interrupt
control level 1?

No

| Save PC and CCR |

1
I 1 |
1

| Read vector address |

| Branch to interrupt handling routine |

Figure5.4 Flowchart of Procedure up to Interrupt Acceptancein Interrupt Control Mode 0
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5.6.2 Interrupt Control Mode 1

In interrupt control mode 1, mask control is applied to three levels for IRQ and on-chip peripheral
module interrupt requests by comparing the I and UI bits in CCR in the CPU, and the ICR setting.

e An interrupt request with interrupt control level O is accepted when the I bit in CCR is cleared
to 0. When the I bit is set to 1, the interrupt request is held pending.
EVENTI, KIN, and WUE interrupts are enabled or disabled by the I bit.

¢ An interrupt request with interrupt control level 1 is accepted when the I bit or UI bit in CCR is
cleared to 0. When both I and UI bits are set to 1, the interrupt request is held pending.

For instance, the state when the interrupt enable bit corresponding to each interrupt is set to 1, and
ICRA to ICRD are set to H20, H'00, H'00, and H'00, respectively (IRQ2 and IRQ3 interrupts are
set to interrupt control level 1, and other interrupts are set to interrupt control level 0) is shown
below. Figure 5.6 shows a state transition diagram.

o All interrupt requests are accepted when I = 0. (Priority order: NMI > IRQ2 > IRQ3 > IRQO >
IRQ1 > address break ...)

e Only NMI, IRQ2, IRQ3, and address break interrupt requests are accepted when I = 1 and Ul =
0.

e Only NMI and address break interrupt requests are accepted when I =1 and Ul = 1.

Only NMI, address break, and
interrupt control level 1 interrupt
requests are accepted

I+<0
All interrupt requests l<1,Ul<0
are accepted -

1+0 Ul+<=o0

Exception handling execution
orl«<1,Ul+<1

Exception handling
execution or Ul <1

Only NMI and address break
interrupt requests are accepted

Figure5.5 State Transition in Interrupt Control Mode 1
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Figure 5.6 shows a flowchart of the interrupt acceptance operation.

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.

According to the interrupt control level specified in ICR, the interrupt controller only accepts
an interrupt request with interrupt control level 1 (priority), and holds pending an interrupt
request with interrupt control level O (no priority). If several interrupt requests are issued, an
interrupt request with the highest priority is accepted according to the priority order, an
interrupt handling is requested to the CPU, and other interrupt requests are held pending.

An interrupt request with interrupt control level 1 is accepted when the I bit is cleared to 0, or
when the I bit is set to 1 while the UI bit is cleared to 0.

An interrupt request with interrupt control level 0 is accepted when the I bit is cleared to 0.
When both the I and UI bits are set to 1, only NMI and address break interrupt requests are
accepted, and other interrupts are held pending.

When the I bit is cleared to 0, the Ul bit is not affected.

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

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.

The I and Ul bits in CCR are set to 1. This masks all interrupts except for NMI and address
break interrupts.

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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Program execution state
r—

No

Interrupt generated?

Yes

An interrupt with interrupt
ontrol level 12
Yes

| Save PC and CCR |

v

| l<1,Ul <1 [

1

| Read vector address |

| Branch to interrupt handling routine |

Figure5.6 Flowchart of Procedure Up to Interrupt Acceptancein Interrupt
Control Mode 1
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Interrupt Exception Handling Sequence

Interrupt Controller

where interrupt control mode O is set in advanced mode, and the program area and stack area are

Figure 5.7 shows the interrupt exception handling sequence. The example shown is for the case
in on-chip memory.
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Figure5.7 Interrupt Exception Handling
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5.6.4 Interrupt Response Times

Table 5.7 shows interrupt response times — the intervals between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.7 are explained in table 5.8.

Table5.7 Interrupt Response Times

No. Execution Status Advanced Mode
1 Interrupt priority determination®’ 3
2 Number of wait states until executing instruction ends** 1to (19 + 2.S))
3 PC, CCR stack save 2-Sk
4 Vector fetch 2.8
5 Instruction fetch*° 2.8
6 Internal processing** 2
Total (using on-chip memory) 12t0 32
Notes: 1. Two states in case of internal interrupt.

1
2. Refers to MULXS and DIVXS instructions.

3. Prefetch after interrupt acceptance and prefetch of interrupt handling routine.

4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table5.8 Number of Statesin Interrupt Handling Routine Execution Status

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 Sy

Stack manipulation Sk

[Legend]
m: Number of wait states in external device access.
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5.6.5 DTC Activation by Interrupt
The DTC can be activated by an interrupt. In this case, the following options are available:

e Interrupt request to CPU
e Activation request to DTC
e Both of the above

For details of interrupt requests that can be used to activate the DTC, see section 7, Data Transfer
Controller (DTC). Figure 5.8 shows a block diagram of the DTC and interrupt controller.

Interrupt DTC activation
S request vector

request Selection [ nu?‘nber

circuit
IRQ
interrupt ﬂ Select
signal .
9 Clear signal Control logic DTC
| Interrupt source DTCER
On-chip clear signal Clear signal
peripheral
module
DTVECR
SWBTE

clear signal CPU interrupt
request vector

P number

Determlngtlon of CPU
priority
Interrupt controller I, Ul

Figure5.8 Interrupt Control for DTC
The interrupt controller has three main functions in DTC control.
(1) Selection of Interrupt Source

It is possible to select DTC activation request or CPU interrupt request with the DTCE bit of
DTCERA to DTCEREF in the DTC. After a DTC data transfer, the DTCE bit can be cleared to 0
and an interrupt request sent to the CPU in accordance with the specification of the DISEL bit of
MRB in the DTC. When the DTC performs the specified number of data transfers and the transfer
counter reaches 0, following the DTC data transfer the DTCE bit is cleared to 0 and an interrupt
request is sent to the CPU.
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(2) Determination of Priority

The DTC activation source is selected in accordance with the default priority order, and is not
affected by mask or priority levels. See section 7.5, Location of Register Information and DTC
Vector Table, for the respective priorities.

(3) Operation Order

If the same interrupt is selected as a DTC activation source and a CPU interrupt source, the DTC
data transfer is performed first, followed by CPU interrupt exception handling.

Table 5.9 summarizes interrupt source selection and interrupt source clearing control according to
the settings of the DTCE bit of DTCERA to DTCEREF in the DTC and the DISEL bit of MRB in

the DTC.

Table5.9 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control

DTCE DISEL DTC CPU
0 X X A
1 0 A x

1 @) A
[Legend]
A: The relevant interrupt is used. Interrupt source clearing is performed.

(The CPU should clear the source flag in the interrupt handling routine.)
O: The relevant interrupt is used. The interrupt source is not cleared.
X: The relevant interrupt cannot be used.
Don't care
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5.7 Usage Notes

57.1 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to disable interrupt requests, the disabling becomes
effective after execution of the instruction. When an interrupt enable bit is cleared to O by an
instruction such as BCLR or MOV, and if an interrupt is generated during execution of the
instruction, the interrupt concerned will still be enabled on completion of the instruction, 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 rule is also applied when an interrupt source flag is cleared to 0. Figure 5.9
shows an example in which the CMIEA bit in the TMR's TCR register is cleared to 0.

The above conflict will not occur if an enable bit or interrupt source flag is cleared to 0 while the
interrupt is masked.

TCR write cycle . '
, by CPU . CMIA exception handling
¢ —
Internal ! \
address bus X TCR address X
Internal .
write signal E
CMIEA |
CMFA \\ \
CMIA E |

interrupt signal

Figure5.9 Conflict between Interrupt Generation and Disabling
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5.7.2 Instructionsthat Disable Interrupts

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

5.7.3 Interrupts during Execution of EEPM OV 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 move 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 Ll

574 IRQ Status Registers (ISR16, ISR)

Since IRQnF may be set to 1 according to the pin status after a reset, the ISR16 and the ISR
should be read after a reset, and then write O in IRQnF (n = 15 to 0).
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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. The BSC also has a bus arbitration function, and
controls the operation of the internal bus masters — CPU, data transfer controller (DTC), and
Ethernet controller direct memory access controller (E-DMAC).

6.1 Features

Extended modes
Two modes for external extension

Normal extended mode: Normal extension
(when ADMXE = 0 in SYSCR2 and OBE = 0 in PTCNTO0)
Glueless extension
(when ADMXE = 0 in SYSCR2 and OBE =1 in PTCNTO)

Address-data multiplex extended mode: Multiplex extension (when ADMXE = 1 in SYSCR2)
Extended area division

Possible in normal extended mode

The external address space can be accessed as basic extended areas.

A 256-Kbyte extended area can be set and controlled independently of basic extended areas.
Address pin reduction

In normal extended mode:

A 256-Kbyte extended area from H'F80000 to H'FBFFFF can be selected using 18 address
pins and the CS256 signal.

A 2-Kbyte area from H'FFF000 to HFFF7FF can be selected using six to eleven address pins
and the IOS signal.

In address-data multiplex extended mode:

The external address space can be accessed as the following two extended areas.

H'F80000 to H'FS8FFFF 64 Kbytes 256-Kbyte extended area

H'FFF000 to H'FFF7FF 2 Kbytes I0OS extended area

These areas can be selected using 8 pins or 16 pins, which is a total of address pins and data
input/output pins.

Control address hold signal and area select signal polarity

The output polarity of IOS, CS256, and AH can be inverted by the PNCCS and PNCAH bits in
LPWRCR
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e Multiplex bus interface
No Wait Inserted

Wait Inserted

Address Data Address Data
256-Kbyte 2 states* 2 states 2 states* (3 + wait) states
extended area
I0S extended area 2 states* 2 states 2 states* (3 + wait) states

Note: * A wait cycle is inserted by the setting of the WC22 bit.

e Basic bus interface

2-state access or 3-state access can be selected for each area.

Program wait states can be inserted for each area.

e Burst ROM interface
In normal extended mode

A burst ROM interface can be set for basic extended areas.

1-state access or 2-state access can be selected for burst access.

e Idle cycle insertion

In normal extended mode

An idle cycle can be inserted for external write cycles immediately after external read cycles.

e Bus arbitration function

Includes a bus arbiter that arbitrates bus mastership between the CPU, DTC, and E-DMAC.
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External bus control signals

Bus
controller

Internal control signals

Bus mode signal

BCR BCR2

WSCR | WSCR2

Internal data bus

l-—— CPU bus request signal
=+— DTC bus request signal
-+— E-DMAC bus request signal

[— CPU bus acknowledge signal
[— DTC bus acknowledge signal

— E-DMAC bus acknowledge signal

WAIT Wait
controller
Bus arbiter
[Legend]
BCR: Bus control register

BCR2:  Bus control register 2
WSCR: Wait state control register
WSCR2: Wait state control register 2

Figure6.1 Block Diagram of Bus Controller
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6.2 I nput/Output Pins
Table 6.1 summarizes the pin configuration of the bus controller.

Table6.1 Pin Configuration

Symbol 110 Function

AS Output Strobe signal indicating that address output on the address
bus is enabled (when the IOSE bit in SYSCR is cleared to 0).
Note that this signal is not output when the 256-Kbyte
extended area is accessed (the CS256E bit in SYSCR is 1).

10S Output Chip select signal indicating that the 10S extended area is
being accessed (when the IOSE bit in SYSCR is 1).

CS256 Output Chip select signal indicating that the 256-Kbyte extended
area is being accessed (when the CS256E bit in SYSCR is
1).

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

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

LWR Output Strobe signal indicating that the external address space is

being written to, and the lower half (D7 to DO, AD7 to ADO) of
the data bus is valid.

WAIT Input Wait request signal when accessing the external space.

WR Output Strobe signal indicating that the external address space is
being written to.

HBE Output Strobe signal indicating that the external address space is
being accessed, and the upper half (D15 to D8) of the data
bus is valid.

LBE Output Strobe signal indicating that the external address space is
being accessed, and the lower half (D7 to DO) of the data
bus is valid.

AH Output Signal indicating address fetch timing when the bus is in
address-data multiplex bus state.

AD15 to ADO Input/Output  Address output and data input/output pins for address-data

multiplex extension.
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6.3 Register Descriptions

The following registers are provided for the bus controller. For the system control register
(SYSCR), see section 3.2.2, System Control Register (SYSCR). For port control register 0
(PTCNTO), see section 8.3.2, Port Control Register 0 (PTCNTO).

6.3.

Bus control register (BCR)

Bus control register 2 (BCR2)

Wait state control register (WSCR)
Wait state control register 2 (WSCR2)
System control register 2 (SYSCR2)

1 Bus Control Register (BCR)

BCR is used to specify the access mode for the external address space and the I/O area range when

the AS/IOS pin is specified as an I/0 strobe pin.
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 Insertion
Selects whether or not to insert 1-state of the idle cycle
between successive external read and external write
cycles.
0: Idle cycle not inserted
1: 1-state idle cycle inserted
5 BRSTRM 0 R/W Valid only in the normal extended mode.

Burst ROM Enable

Selects the bus interface for the external address space.
0: Basic bus interface

1: Burst ROM interface

When the CS256E bit in SYSCR is set to 1, burst ROM
interface cannot be selected for the 256-Kbyte extended
area.
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Initial
Bit Bit Name Value R/W Description

4 BRSTSH1 1 R/W Valid only in the normal extended mode.
Burst Cycle Select 1

Selects the number of states in the burst cycle of the burst
ROM interface.

0: 1 state
1: 2 states

3 BRSTSO0 0 R/W Valid only in the normal extended mode.
Burst Cycle Select 0

Selects the number of words that can be accessed by
burst access via the burst ROM interface.

0: Max, 4 words
1: Max, 8 words

2 — 0 R/W Reserved
The initial value should not be changed.

1 I0S1 1 R/W IOS Select 1 and 0
0 10S0 1 R/W  Select the address range where the 10S signal is output.
See table 6.12.
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6.3.2

Bus Control Register 2 (BCR2)

BCR2 is used to specify the access mode for the extended area.

Initial

Bit Bit Name Value R/W Description

7,6 — AllO R/W Reserved
The initial value should not be changed.

5,4 — All 1 R/W Reserved
The initial value should not be changed.

3 ADFULLE O R/W Address Output Full Enable
Controls the address output, A23 to A21, in access to the
extended area. See section 8, I/0 Ports. This is not
supported while ADMXE = 1.

2 EXCKS 0 R/W External Extension Clock Select
Selects the operating clock used in external extended
area access.
0: Medium-speed clock is selected as the operating clock
1: System clock (¢) is selected as the operating clock.
The operating clock is switched in the bus cycle prior to
external extended area access.

1 — 1 R/W Reserved
The initial value should not be changed.

0 — 0 R/W Reserved

The initial value should not be changed.
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6.3.3 Wait State Control Register (WSCR)

WSCR is used to specify the data bus width, the number of access states, the wait mode, and the
number of wait states for access to external address spaces (basic extended area and 256-Kbyte
extended area). The bus width and the number of access states for internal memory and internal
I/O registers are fixed regardless of the WSCR settings.

Initial
Bit Bit Name Value R/W Description

7 ABW256 1 R/W 256-Kbyte Extended Area Bus Width Control

Selects the bus width for access to the 256-Kbyte
extended area when the CS256E bit in SYSCR is setto 1.

0: 16-bit bus
1: 8-bit bus

6 AST256 1 R/W 256-Kbyte Extended Area Access State Control

Selects the number of states for access to the 256-Kbyte
extended area when the CS256E bit in SYSCR is set to 1.
This bit also enables or disables wait-state insertion.

[ADMXE = 0] Normal extension

0: 2-state access space. Wait state insertion disabled

1: 3-state access space. Wait state insertion enabled
[ADMXE = 1] Address-data multiplex extension

0: 2-state data access space. Wait state insertion disabled
1: 3-state data access space. Wait state insertion enabled

5 ABW 1 R/W Basic Extended Area Bus Width Control

Selects the bus width for access to the basic extended
area.

0: 16-bit bus
1: 8-bit bus

When the CS256E bit in SYSCR is set to 1, this bit setting
is ignored in access to the 256-Kbyte extended area.
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Bit

Bit Name

Initial
Value

R/W

Description

4

AST

1

R/W

Basic Extended Area Access State Control

Selects the number of states for access to the basic
extended area. This bit also enables or disables wait-state
insertion.

[ADMXE = 0] Normal extension

0: 2-state access space. Wait state insertion disabled

1: 3-state access space. Wait state insertion enabled
[ADMXE = 1] Address-data multiplex extension

0: 2-state data access space. Wait state insertion disabled

1: 3-state data access space. Wait state insertion
enabled

When the CS256E bit in SYSCR is set to 1, this bit setting
is ignored in access to the 256-Kbyte extended area.

2

WMSH
WMS0

R/W
R/W

Basic Extended Area Wait Mode Select 1 and 0

Selects the wait mode for access to the basic extended
area when the AST bit is set to 1.

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

11: Pin auto-wait mode

When the CS256E bit in SYSCR is set to 1, this bit setting
is ignored in access to the 256-Kbyte extended area.

WC1
WCOo

R/W
R/W

Basic Extended Area Wait Count 1 and O

Selects the number of program wait states to be inserted

when the basic extended area is accessed when the AST
bit is set to 1. The program wait state is only inserted into
data cycles.

00: Program wait state is not inserted
01: 1 program wait state is inserted

10: 2 program wait states are inserted
11: 3 program wait states are inserted

When the CS256E bit in SYSCR is set to 1, this bit setting
is ignored in access to the 256-Kbyte extended area.

Rev. 2.00 Aug. 20, 2008 Page 115 of 1198

RENESAS REJ09B0403-0200



Section 6 Bus Controller (BSC)

6.34 Wait State Control Register 2 (WSCR2)

WSCR?2 is used to specify the wait mode and number of wait states in access to the 256-Kbyte

extended area.

Initial
Bit Bit Name Value R/W

Description

7 WMS10 0 RW

256-Kbyte Extended Area Wait Mode Select 0

Selects the wait mode for access to the 256-Kbyte
extended area when the CS256E bit in SYSCR and the
AST256 bit in WSCR are setto 1.

0: Program wait mode
1: Wait disabled mode

WC11 1 R/W
WC10 1 R/W

256-Kbyte Extended Area Wait Count 1 and 0

Selects the number of program wait states to be inserted
into the data cycle for access to the 256-Kbyte extended

area when the CS256E bit in SYSCR and the AST256 bit
in WSCR are set to 1.

00: Program wait state is not inserted
01: 1 program wait state is inserted

10: 2 program wait states are inserted
11: 3 program wait states are inserted

— AllO R/W

Reserved
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e When ADMXE =0

Initial
Bit Bit Name Value R/W Description
2to0 — All 1 R/W Reserved

e When ADMXE =1
Initial
Bit Bit Name Value R/W Description

2 WC22 1 R/W Address-Data Multiplex Extended Area Address Cycle
Wait Count 2

Selects the number of program wait states to be inserted
into the address cycle for access to the address-data
multiplex extended area.

0: Program wait state is not inserted
1: 1 program wait state is inserted in the address cycle

1,0 — All 1 R/W Reserved

6.3.5 System Control Register 2 (SYSCR2)
SYSCR?2 controls the address-data multiplex operation.

Bit Bit Name Initial Value R/W Description

7t04 — All O R/W  Reserved
The initial value should not be changed.
3 ADMXE 0 R/W  Address-Data Multiplex Bus Interface Enable

0: Normal extended bus interface

1: Address data multiplex extended bus interface
2to0 — AllO R/W  Reserved

The initial value should not be changed.
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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, the number of
access states, and the wait mode and the number of program wait states. The bus width and the
number of access states for on-chip memory and internal I/O registers are fixed, and are not
affected by the bus controller settings.

(1) In Normal Extended Mode

(@) BusWidth

A bus width of 8 or 16 bits can be selected via the ABW and ABW256 bits in WSCR.

(b) Number of Access States

Two or three access states can be selected via the AST and AST256 bits in WSCR. When the 2-
state access space is designated, wait-state insertion is disabled.

In the burst ROM interface, the number of access states for the basic extended area is determined
regardless of the AST bit setting.

(c) Wait Mode and Number of Program Wait States

When the basic extended area is specified as a 3-state access space by the AST bit in WSCR, the
wait mode and the number of program wait states to be inserted automatically is selected by the
WMS1, WMSO0, WC1, and WCO bits in WSCR. From 0 to 3 program wait states can be selected.

When the 256-Kbyte extended area is specified as a 3-state access space by the AST256 bit in
WSCR, the wait mode and the number of program wait states to be inserted automatically is
selected by the WMS10, WC11, and WC10 bits in WSCR2. From 0 to 3 program wait states can
be selected.

The wait function for external extension is effective for connecting low-speed devices to the
external address space. However, this wait function may cause some problems when the operation
of bus masters other than the CPU, such as the DTC are to be delayed.

Tables 6.2 to 6.5 show each bit setting and external address space division in the address ranges of
the external address space, and the bus specifications for the basic bus interface of each area.
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(d) Glueless Extension

Setting the OBE bit in PTCNTO selects glueless extension, which uses the RD, WR, HBE, and
LBE signals to allow connection to the external space without adding an external circuit.

Table 6.2

Address Range

Address Ranges and External Address Spaces

Area

Basic Extended Area

256-Kbyte Extended Area

H'080000 to H'F7FFFF
(15 Mbytes)

O: No condition

H'F80000 to H'FBFFFF
(256 Kbytes)

256-Kbyte extended area

A: When CS256E = 0, used as

basic extended area.

When WAIT pin function is not
selected while CS256E = 1,
CS256 is output and address
pins A17 to AO are used.

H'FC0000 to H'FEFFFF
(192 Kbytes)

O: No condition

H'FF0800 to H'FFBFFF
(46 Kbytes)

A: When RAME = 0, used as —

basic extended area.

H'FFCO000 to H'FFDFFF
(8 Kbytes)

O: No condition

H'FFEO000 to H'FFEO7F
(128 bytes)

O: No condition.

H'FFE080 to H'FFEFFF
(3968 bytes)

A: When RAME = 0, used as —

basic extended area.

H'FFF000 to H'FFF7FF
(2 Kbytes)

O No condition
When IOSE =1, 10S is

output and address pins A10

to AO are used.

H'FFFFOO to H'FFFF7F
(128 bytes)

A When RAME = 0, used as —

basic extended area.

[Legend]
O: This address range is unconditionally accessed as the basic extended area.
A: Condition for making this address range accessed as the basic extended area.

— This address range cannot be used as part of a 256-Kbyte extended area.
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Table6.3  Bit Settings and Bus Specifications of Basic Bus I nterface

Areas
BRSTRM CS256E Basic Extended Area 256-Kbyte Extended Area
0 0 Basic extended area Used as basic extended area
1 ABW, AST, ABW256, AST256, WMSH0,
WMS1, WMSO, WC11, WC10
WC1, WCO ’
1 0 Burst ROM interface* Used as burst ROM interface
1 ABW, AST, WMSO0, WC1, WCO, ABW256, AST256, WMS10,

BRSTS1, BRSTSO

WC11, WC10

Note: * In the burst ROM interface, the bus width is specified by the ABW bit in WSCR, the
number of full access states (wait can be inserted) is specified by the AST bit in WSCR,
and the number of access cycles in burst access is specified regardless of the AST bit

setting.

Table6.4 Bus Specificationsfor Basic Extended Area/Basic Bus Interface

Bus Specifications

Number of
Number of  Program
Access Wait
ABW AST WMS1 WMSO0 WC1 WCO Bus Width  States States
0 0 X X X X 16 2 0
1 0 1 X 16 3 0
Other than 0 0 3 0
WMS1 =0 and 1 1
WMSO0 =1
1 0 2
1 3
1 0 X X X X 0
1 0 1 X 0
Other than 0 0 0
WMS1 =0 and 1 1
WMSO =1
1 0 2
1 3
[Legend]
X: Don't care
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Table6.5 Bus Specificationsfor 256-K byte Extended Area/Basic BusInterface

Bus Specifications

Number of
Number of Program Wait
ABW256 AST256 WMS10 WC11 WC10 Bus Width Access States States
0 0 X X X 16 2 0
1 1 X X 16 3 0
0 0 0 3 0
1 1
1 0 2
1 3
1 0 X X X 0
X 0
0 0 0 0
1 1
1 0 2
1 3
[Legend]
X: Don't care
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(2) In Address-Data Multiplex Extended Mode

(@) BusWidth

A bus width of 8 or 16 bits can be selected via the ABW and ABW256 bits in WSCR.

(b) Number of Access States

Two or three states can be selected for data access via the AST and AST256 bits in WSCR. When
the 2-state access space is designated, wait-state insertion is disabled.

(c) Wait Mode and Number of Program Wait States

e JOS Extended Area

When the IOS extended area is specified as a 3-state access space by the AST bit in WSCR,
the wait mode and the number of program wait states to be inserted automatically is selected
by the WMS1, WMSO0, WCI1, and WCO bits in WSCR. Zero or one program wait state can be
inserted into address cycle. From zero to three program wait states can be selected for data
cycle.

e 256-Kbyte Extended Area

When the 256-Kbyte extended area is specified as a 3-state access space by the AST256 bit in
WSCR, the wait mode and the number of program wait states to be inserted automatically is
selected by the WMS10, WC11, and WC10 bits in WSCR2. Zero or one program wait state
can be inserted into address cycle. From zero to three program wait states can be selected for
data cycle.

The wait function for external extension is effective for connecting low-speed devices to the
external address space. However, this wait function may cause some problems when the operation
of bus masters other than the CPU, such as the DTC, are to be delayed.

Tables 6.6 to 6.11 show address-data multiplex address space and the bus specifications for the
basic bus interface of each area.
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Table6.6 Address-Data Multiplex Address Spaces

Address Range

Address-Data Multiplex Area

H'080000 to H'F7FFFF
(15 Mbytes)

— No condition

256-Kbyte extended area
H'F80000 to H'F8FFFF

(64 Kbytes)

(0] When the WAIT pin function is not selected and CS256E
=1, CS256 is output and address AD15 to ADO or AD7 to
ADO are used.

256-Kbyte extended area
H'F90000 to H'FOFFFF
(64 Kbytes)

— No condition

256-Kbyte extended area
H'FA0000 to H'FAFFFF
(64 Kbytes)

— No condition

256-Kbyte extended area
H'FB0000 to H'FBFFFF
(64 Kbytes)

— No condition

H'FC0000 to H'FFBFFF
(240 Kbytes)

— No condition

H'FFCO000 to H'FFDFFF
(8 Kbytes)

— No condition

H'FFEO00 to H'FFEFFF
(4 Kbytes)

— No condition

I0S extended area
H'FFFO00 to H'FFF7FF
(2 Kbytes)

O  When IOSE = 1, 10S is output and address pins AD15 to
ADO or AD7 to ADO are used.

H'FFFFOQO to H'FFFF7F
(128 bytes)

— No condition

[Legend]

— This address range cannot be used as the address-data multiplex address space.

O: Condition for making this address range accessed as the address-data multiplex address
space.
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Table6.7  Bit Settings and Bus Specifications of Basic Bus I nterface

Area
IOSE CS256E I0S Extended Area 256-Kbyte Extended Area
1 0 ABW, AST, WMS1, WMSO0, —
1 WC1, Weo ABW256, AST256, WMS10,
WC11, WC10

0 0 — —

ABW256, AST256, WMS10,
WC11, WC10

Table6.8 Bus Specificationsfor 10S Extended Area/Multiplex Bus I nterface (Address

Cycle)
Number of  Number of
Access Program
AST WMS1 WMSO0 wC22 wWC1 wWCOo States Wait States
— — — 0 — — 2 0
1 — — 1

Table6.9 Bus Specificationsfor 10S Extended Area/M ultiplex Bus I nterface (Data Cycle)

Number of Number of

Access Program

AST WMS1 WMSO0 WC1 WCO States Wait States
0 — — — — 2 0
1 0 1 — — 3 0
Other than WMS1 =0and 0 0 3 0

WMSO =1

1 1
1 0 2
1 3
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Table6.10 Bus Specificationsfor 256-K byte Extended Area/Multiplex Bus Interface

(Address Cycle)
Number of Number of
Access Program
AST256 WMS10 WC22 WC11 WC10 States Wait States
— — 0 — — 2 0
1 — — 1

Table6.11 Bus Specificationsfor 256-K byte Extended Area/Multiplex Bus Interface

(Data Cycle)
Number of
Number of Program Wait

AST256 WMS1 WC1 WCO Access States States
0 — — — 2 0
1 1 — — 3 0
0 0 0 3 0
1 1
1 0 2
1 3

6.4.2 Advanced M ode

The external address space (H'FFF000 to H'FFF7FF) can be accessed by specifying the AS/IOS
pin as an I/O strobe pin. The 256-Kbyte extended area (HF80000 to HFBFFFF) can be accessed
by the CS256 pin function.

The external address space is initialized as the basic bus interface and a 3-state access space. In
mode 2, the address space other than on-chip ROM, on-chip RAM, internal I/O registers, and their
reserved areas is specified as the external address space. The on-chip RAM and its reserved area
are enabled when the RAME bit in SYSCR is set to 1, and disabled when the RAME bit is cleared
to 0. Addresses HFF0800 to HFFBFFF, H'FFE080 to HFFEFFF, and HFFFF00 to HFFFF7F in
the on-chip RAM area and its reserved area are always specified as the external address space.
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6.4.3 I/O Select Signals

The LSI can output I/O select signals (IOS); the signal is driven low when the corresponding
external address space is accessed. Figure 6.2 shows an example of IOS signal output timing.

h Bus cycle ]

1 T To Ts ,

R N N I S B
Address bus :x External addresses selected by 10S :x
oS\ o/

Figure6.2 IOS Signal Output Timing

Enabling or dlsabhng 10S signal output is performed by the IOSE bit in SYSCR. In the extended
mode, the IOS pin functions as an AS pin by a reset. To use this pin as an IOS pin, set the IOSE

bit to 1. For details, see section 8, I/O Ports.

The address ranges of the IOS signal output can be specified by the IOS1 and I0SO0 bits in BCR,

as shown in table 6.12.

Table6.12 Address Rangefor IOS Signal Output

I0S1 10S0 10S Signal Output Range
0 0 H'FFF000 to H'FFFO3F
1 H'FFF000 to H'FFFOFF
1 0 H'FFF000 to H'FFF3FF
1 H'FFFO000 to H'FFF7FF (Initial value)
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6.5 BusInterface

The normal extended bus interface enables direct connection to ROM and SRAM. For details on
selection of the bus specifications for the basic extended area and 256-Kbyte extended area, see
table 6.5.

The address-data multiplex extended bus interface enables direct connection to products that
supports this bus interface. For details on selection of the bus specifications for the IOS extended
area and 256-Kbyte extended area, see tables 6.8 to 6.11.

6.5.1 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The BSC has
a data alignment function, and controls whether the upper data bus (D15 to D8/AD15 to ADS) 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.

(1) 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) 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.

The lower data bus (AD7 to ADO) is used in address-data multiplex extended mode.

Upper data bus Lower data bus
215 Db§b7 Do

Byte size

Word s [ 1st bus cycle 5 8

ord size | 2nd bus cycle 7. . .0

[ 1st bus cycle B, . P4

Longword 2nd bus cycle 3 ., 16
size | T e

3rd bus cycle 5 8

| 4th bus cycle 7. . .0

Figure6.3 Access Sizesand Data Alignment Control (8-bit Access Space)
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(2) 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,
and 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,
Byte size - Even address
Byte size - Odd address
Word size s . . .. 8l7, . . . . . 0f
Longword 1st bus cycle 31, . ., ., 243 ., . . . 16
size 2nd bus cycle i5, ., ., 8l7, . ., ., 0

Figure6.4 Access Sizesand Data Alignment Control (16-bit Access Space)
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6.5.2 Valid Strobes

Table 6.13 shows the data buses used and valid strobes for each access space.

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.

Table6.13 Data Buses Used and Valid Strobes

Lower Data
Upper Data Bus Bus (D7 to
Access Read/ (D15 to D8/ DO/AD7 to
Area Size Write  Address AD15 to AD8) ADO)
8-bitaccess  Byte Read  — Valid Ports or others
space Write  — HWR
8-bit access  Byte Read — RD Ports or others  Valid
space X
(in address- Write  — HWR
data multiplex
extended
mode)
16-bit access Byte Read  Even RD Valid Invalid
space 0dd Invalid Valid
Write Even HWR Valid Undefined
Odd LWR Undefined Valid
Word Read — RD Valid Valid
Write — HWR, LWR
[Legend]
Undefined: Undefined data is output.
Invalid: Input state with the input value ignored.

Ports or others:

Used as ports or I/O pins for on-chip peripheral modules, and are not used as the

data bus.
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6.5.3 Valid Strobes (in Glueless Extension)

Table 6.14 shows the data buses used and valid strobes for each access space.

The RD and WR signals are valid for both the upper and lower halves of the data bus. In a write,
the HBE signal is valid for the upper half of the data bus, and the LBE signal for the lower half.

Table6.14 Data BusesUsed and Valid Strobes (Gluless Extension)

Access Read/ Valid Upper Data Bus Lower Data
Area Size Write Address Strobe (D15 to D8) Bus (D7 to DO)
8-bitaccess  Byte Read — RD Valid Ports or others
space Write — — WR
16-bit access Byte Read  Even RD, HBE Valid Invalid
space Odd RD,LBE Invalid Valid
Write  Even WR, HBE Valid Undefined
Odd WR, LBE Undefined Valid
Word  Read — RD,HBE,  Valid Valid
LBE
Write — — W—_R HBE,
LBE
[Legend]
Undefined: Undefined data is output.
Invalid: Input state with the input value ignored.

Ports or others:

Used as ports or I/O pins for on-chip peripheral modules, and are not used as the

data bus.
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6.5.4 Basic Operation Timing in Normal Extended M ode
(1) 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.

———— Buscycle ——————
\

E T1 i T2

o |

Address bus :x

i0S (I0SE = 1) :
CS256 (CS256E = 1) |

1

AS* (I0SE = 0) ; 5
—_— i
[ RD i .
Read { D15toD8 : : { vaid {}—
D7 to DO : : Invalid !
N i I S,
HWR : :
Write 1 : i :
D15 to D8 ——( ! Valid )—

Note: * For external address space access, this signal is not output when the 256-Kbyte extended area
is accessed with CS256E = 1.

Figure6.5 BusTimingfor 8-Bit, 2-State Access Space
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(2) 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
T, H T,

I I Y

—
w

Address bus

1OS (IOSE = 1)
CS256 (CS256E = 1)

NN
<Nt

\

AS* (IOSE = 0)

D

Read | D15to D8 Valid

L D7to DO

Invalid

un
us]

Write

D15to D8 Valid

Note: * For external address space access, this signal is not output when the 256-Kbyte extended area
is accessed with CS256E = 1.

Figure6.6 BusTimingfor 8-Bit, 3-State Access Space
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(3) 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.

———— Buscycle ————————
:
s

E T, : T,

Address bus

10S (IOSE = 1)
CS256 (CS256E = 1)

AS* (IOSE = 0)

Read { D15to D8

Valid

d

D7 to DO

.
Invalid
.

I
=
T

High level

Write 1

D15to D8 Valid

D7 to DO Undefined

Note: * For external address space access, this signal is not output when the 256-Kbyte extended area
is accessed with CS256E = 1.

Figure6.7 BusTimingfor 16-Bit, 2-State Access Space (Even Byte Access)
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~————— Buscycle ———————=
\

i T, : T i
© [
Address bus :x E :x
10S (IOSE = 1) \ ' /
CS256 (CS256E = 1) ; : j
AS* (IOSE = 0) | E |
( RD : : |
Read | D15t0D8 : : { Invalid | }—
| D7toDO : : { valid >—
awR High:level
LWR
Write < E 1 E
D15to D8 ——( ' Undefined )—
D7 to DO ——( ' Valid )—

Note: * For external address space access, this signal is not output when the 256-Kbyte extended area
is accessed with CS256E = 1.

Figure6.8 BusTiming for 16-Bit, 2-State Access Space (Odd Byte Access)
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+——— Buscycle ———————>
|

: T

c

Ts

Address bus :x

105 (I0SE = 1) ;
CS256 (CS256E = 1) ;

—

AS* (IOSE = 0)

———

Read { D15to D8

Valid

D7 to DO

Valid

|

I
=
T

—

Write E
: Valid

D15to D8 ——(
D7 to DO —v_(

Valid

Note: * For external address space access, this signal is not output when the 256-Kbyte extended area
is accessed with CS256E = 1.

Figure6.9 BusTimingfor 16-Bit, 2-State Access Space (Word Access)
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(4) 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 ' To

I I

-
w

Address bus

10S (IOSE = 1)
CS256 (CS256E = 1)

<~

\

AS* (IOSE = 0)

Read { D15to D8 Valid

D7 to DO

Invalid

AWR
WR E High level
Write |
D15 to D8 Valid
D7 to DO E

Undefineq

Note: * For external address space access, this signal is not output when the 256-Kbyte extended area
is accessed with CS256E = 1.

Figure6.10 BusTiming for 16-Bit, 3-State Access Space (Even Byte Access)
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Bus cycle
T2

el
—
w

Address bus

TOS (I0SE = 1)
CS256 (CS256E = 1)

AS* (I0SE = 0)

R

Read § D15to D8

Invalid

el

D7 to DO Valid

High level

Write

D15 to D8

D7 to DO Valid

Note: * For external address space access, this signal is not output when the 256-Kbyte extended area
is accessed with CS256E = 1.

Figure6.11 BusTiming for 16-Bit, 3-State Access Space (Odd Byte Access)
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Bus cycle
T, T,

—
w

F

Address bus

T0S (I0SE = 1)
CS256 (CS256E = 1)

AS* (IOSE = 0)

D

Read { D15to D8

Vali

D7 to DO Valid

HWR
LWR
Write |
D15 to D8 Valid
D7 to DO Valid

Note: * For external address space access, this signal is not output when the 256-Kbyte extended area
is accessed with CS256E = 1.

Figure6.12 BusTiming for 16-Bit, 3-State Access Space (Word Access)
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Bus cycle

Ir
Ir
:

Address bus
(A23 to AO) > (

E
cs. : E :
iOS (IOSE = 1) N\ : 4
CS256 (CS256E =1) ! : .
S e
ABE —\ ! Y
[BE : — :
' High level '
RD ——\ | ) S—
Read | D15to D8 . { vaiid Y—
! ' / !
D7 to DO E 5 { Invalid }—
: : —/
Write 4 D15to D8 ——( i Valid >7
D7 to DO ——( ! Undefined >7

Note: * For external address space access, this signal is not output when the 256-Kbyte extended area
is accessed with CS256E = 1.

Figure6.13 Glueless Extension Even Byte Access (ADM XE =0)
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. Bus cycle

S B
Address bus ! .

(A23 o AD) :>< :0ad
cs. \ !
IOS (IOSE = 1) 5\ '
CS256 (CS256E = 1) ' -

N

HBE : :
| High level

[BE \ :

RD —\ !
Read { D15 to D8 ; ; @—
D7 to DO : 5 W
Write {4 D15to D8 _E_< EUndefined E>7
D7 to DO —.—( ! Valid )7

Note: * For external address space access, this signal is not output when the 256-Kbyte extended area
is accessed with CS256E = 1.

Figure6.14 Glueess Extension Odd Byte Access (ADMXE =0)
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Bus cycle

<
@
=}

Address bus
(A23 to AO)
cs

C
10S (IOSE = 1)
C

5256 (CS256E = 1)

AS*

|

|

j)»

I
@
m

]

Read § D15to D8

{ valid )

L D7to DO valid

[

ARTRRRAAIE

|

A----F-1---A---------4-----t----t-----4-----}-----94------F------tm-t--

Write { D15toD8 E—( Valid
D7 to DO —;—( Valid
Note: * For external address space access, this signal is not output when the 256-Kbyte extended area

is accessed with CS256E = 1.

Figure6.15 Glueless Extension Word Access (ADM XE = 0)
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6.5.5 Basic Operation Timing in Address-Data Multiplex Extended M ode
(1) 8-Bit, 2-State Data Access Space

Figures 6.16 and 6.17 show the bus timing for an 8-bit, 2-state access space. When an 8-bit access
space is accessed, the lower half (AD7 to ADO) of the data bus is used. Wait states cannot be
inserted.

Read Cycle Write Cycle

Address Data Address Data
Ty Taw To Ts Ty Ty Taw To Ts Ty

NSRS RERE NN

I
;

e L/

AD7 to ADO _i'lm’ss_(i@ Address Data
T

Figure6.16 BusTimingfor 8-Bit, 2-State Access Space
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Read Cycle Write Cycle
Address Data Address Data
Ty T, Ts T, Ty T, Ts Ty
UL L L L
CS256 '
10S
. —_—
RD \
HWR \_J
AD7 to ADO  — { Dat-\ ( Address Data

—< Address )

—

\_F/

Figure6.17 BusTimingfor 8-Bit, 2-State Access Space

8-Bit, 3-State Data Access Space

Figure 6.18 shows the bus timing for an 8-bit, 3-state access space. When an 8-bit access space is
accessed, the lower half (AD7 to ADO) of the data bus is used. Wait states can be inserted.

Read Cycle Write Cycle
Address Data Address Data
T Taw , T2 Ts , Ta  Tosw, Ts | T1  Taw , T2 Ts  Ta Tosw , Ts
NI RE NN RERERERERERERERED
cs256 \
10S
AH
RD \
HWR /__
AD7 to ADO —< Address ) ata) Address Data

Figure6.18 BusTimingfor 8-Bit, 3-State Access Space
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(3) 16-Bit, 2-State Data Access Space

Figures 6.19 to 6.24 show bus timings for a 16-bit, 2-state access space. When a 16-bit access
space is accessed, 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. Wait states cannot be inserted.

Read Cycle Write Cycle
Address Data Address Data
T1 TAW T2 TB T4 T1 TAW T2 TS TA
oL
Cs256
10S
AH

LWR
AD15t0 AD8 ~ — Address —@)—( Address Data
AD7t0o ADO  — Address { Address }

b

Figure6.19 BusTimingfor 16-Bit, 2-State Access Space (1) (Even Byte Access)
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Read Cycle Write Cycle
Address Data Address Data
T, T, T T, T, T, Ts Ty
o L
Cs256 ‘
10S

LWR
AD15t0 AD8 ~ —— Address —@)——( Address Data
AD7 to AD0O  — Address { A

{ ddress )

Figure6.20 BusTiming for 16-Bit, 2-State Access Space (2) (Even Byte Access)

Read Cycle Write Cycle

Address Data Address Data
TI TAW T2 T3 T4 TI TAW T2 T3 T4

JEENENEN RN RN NN

=

HWR
LWR \_ '
AD15to AD8 ~ —— Address { Address
[ [
AD7 to ADO — Address

4@?—< Address >—< Data
T 1T 1

Figure6.21 BusTiming for 16-Bit, 2-State Access Space (3) (Odd Byte Access)
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Read Cycle Write Cycle
Address Data Address Data
T, T, Ts T4 T, T, Ty Ty

JENEE NN
ST L

=

5

HWR

LWR \_ [
AD15 to AD8 Address { Address
AD7 to ADO

—< Address >—< Data >—
T T

Figure6.22 BusTimingfor 16-Bit, 2-State Access Space (4) (Odd Byte Access)
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Read Cycle Write Cycle
Address Data Address Data
T1 TAW T2 T3 T4 T1 TAW T2 T3 T4
© L
CS256
10S
AH
RD \
HWR \_J
LWR \_ [
AD15 to AD8 Address Data Address Data
[ [ [ [ \ [ \
oresen — @ e (= >

Figure6.23 BusTiming for 16-Bit, 2-State Access Space (5) (Word Access)

Read Cycle Write Cycle
Address Data Address Data
Ty T, T3 T, T T, T3 Ty
L L L L L
CP26  — —
10S
AH
RD \
HWR \_J
CWR \_ [
AD15 to AD8 E— Address Data —< Address Data
[ \ [ [
AD7 to ADO — Address Data —< Address >—< Data >—

Figure6.24 BusTiming for 16-Bit, 2-State Access Space (6) (Word Access)
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(4) 16-Bit, 3-State Data Access Space

Figures 6.25 to 6.27 show bus timings for a 16-bit, 3-state access space. When a 16-bit access
space is accessed, 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. Wait states can be inserted.

AD15 to AD8

AD7 to ADO

Read Cycle

Write Cycle

Address

Data

Address

Data

Ti  Taw, To | T

Ts  Tosw, Ts [ Ty

Taw , T2 T3

Ts  Tosw

Ts

L

JERERERERERRENEN

—

LU

L L

Address

Address

@

M

Address

Data

I

Address

1

Figure6.25 BusTimingfor 16-Bit, 3-State Access Space (1) (Even Byte Access)

Rev. 2.00 Aug. 20, 2008 Page 148 of 1198

REJ09B0403-0200

RENESAS




Section 6 Bus Controller (BSC)

HWR

LWR

AD15 to AD8

AD7 to ADO

Read Cycle

Write Cycle

Address

Data

Address Data

T,

TAW

T2

Ts

Tosw

T5 T1 TAW T2 T3 T4 TDSW T5

JEpEpE

JERERR

JEESREREpERNREY

—

Address

Address

{ Address

T 11

fa

Address

Figure6.26 BusTiming for 16-Bit, 3-State Access Space (2) (Odd Byte Access)

SNERERR

AD15 to AD8

AD7 to ADO

Read Cycle

Write Cycle

Address

Data

Address Data

T,

Taw

T2

Ts

Ts

Tosw

Ts | Tr  Taw | T2 Ts  Ta Tosw , Ts

JEEERR

JEEERERERNRE]

Address

Address

e

Address

ata

Address

Figure6.27 BusTiming for 16-Bit, 3-State Access Space (3) (Word Access)
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6.5.6 Wait Control

When accessing the external address space, this LSI can extend the bus cycle by inserting one or
more wait states (T,,). There are three 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.

(1) In Normal Extended Mode

(8 Program 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 WC1 and WCO bits in WSCR (the WC11 and WC10 bits in WSCR2 for the 256-Kbyte
extended area).

(b) 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 WC1 and WCO 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 WC1 and WCO 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 6.28 shows an example of wait state insertion timing in pin wait mode.

The settings after a reset are: 3-state access, 3 program wait insertion, and WAIT pin input
disabled.
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AS #(I0SE = 0)

Read

Write

Address bus :X

m(IOSE=1)—|

By program wait

T2|TW|

-

Data bus

WR

< Read data >—

Data bus —(

Write data )—

Note: 1 shown in ¢ clock indicates the WAIT pin sampling timing.
* For external address space access, this signal is not output when the 256-kbyte extended area

is accessed with CS256E = 1.

Figure6.28 Example of Wait State Insertion Timing (Pin Wait Mode)
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(2) In Address-Data Multiplex Extended Mode

(@ Program Wait Mode

Program wait mode includes address wait and data wait.

e 256-Kbyte extended area and IOS extended area

Zero or one state of address wait T, is inserted between T, and T, states. Zero to three states
of data wait T, is inserted between T, and T, states.

(b) 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. The number of wait states T, is specified by the
settings of the WC1 and WCO bits. If the WAIT pin is low at the falling edge of ¢ in the last T,
Toewr OF o, 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.

(c) Pin Auto-Wait Mode

A specified number of wait states T,
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 WC1 and WCO bits. Even
if the WAIT pin is held low, T, states are inserted only up to the specified number of states.

are inserted between the T, state and T, state when

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

Figure 6.29 shows an example of wait state insertion timing in pin wait mode.
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LY
Y

3

AD15 to AD8

AD7 to ADO

Read Cycle

Write Cycle

Data

Data

Ts

T4, Tosw , Toow Toow , Ts

Ts . Ta | Tosw,Toow Toow , Ts

JEEREpNpENi

JERNpENEREN

1

?(

(

??

fatd

{

ata

{

]

Figure6.29 Example of Wait State Insertion Timing

RENESAS

Rev. 2.00 Aug. 20, 2008 Page 153 of 1198

REJ09B0403-0200



Section 6 Bus Controller (BSC)

6.6 Burst ROM Interface

In this LSI, the external address space can be designated as the burst ROM space by the BRSTRM
bit in BCR, and the burst ROM interface enabled. Consecutive burst accesses of a maximum four
or eight words can be performed only during CPU instruction fetch. 1 or 2 states can be selected
for burst ROM access.

6.6.1 Basic Operation Timing

The number of access states in the initial cycle (full access) of the burst ROM interface is
determined by the AST bit in WSCR. When the AST bit is set to 1, wait states can be inserted. 1
or 2 states can be selected for burst access according to the setting of the BRSTS1 bit in BCR.
Wait states cannot be inserted in a burst cycle. Burst accesses of a maximum four words is
performed when the BRSTSO bit in BCR is cleared to 0, and burst accesses of a maximum eight
words is performed when the BRSTSO bit in BCR is setto 1.

The basic access timing for the burst ROM space is shown in figures 6.30 and 6.31.

Full access Burst access
| T, | T, | Ty T, | T, T, | T, |
[ I I I | I I |
] I
\/
Address bus X Only lower ad;i\ress changes

AS/I0S
(I0SE = 0)

RD |_
Data bus 4( Read data )—( Read data )—( Read data )—

Figure6.30 Access Timing Examplein Burst ROM Space (AST =BRSTS1=1)
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Burst access

T

T

XOnIy lower\/

addreﬁ changes x

Full access
T1 T2
o
Address bus x
AS/I0S
(IOSE = 0)
RD

Data bus 4( Read data XRead dataXRead data)—

Figure6.31 Access Timing Examplein Burst ROM Space (AST = BRSTS1=0)

6.6.2 Wait Control

As with the basic bus interface, program wait insertion or pin wait insertion using the WAIT pin is
possible in the initial cycle (full access) of the burst ROM interface. For details, see section 6.5.6,

Wait Control. Wait states cannot be inserted in a burst cycle.
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6.7 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.

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.

Figure 6.32 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 6.32 (a),
with no idle cycle inserted, a collision occurs in bus cycle B between the read data from ROM and
the CPU write data. In figure 6.32 (b), an idle cycle is inserted, thus preventing data collision.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T, T, T, T, T, T, T, T30 T T T,

o LML LILT o LMLl

o

1 1
Address bus :x Address bus :x
1 1

ﬁ_l_\—/_l_
N | —_ [

: P WA=

il \ 1
Data bus [ [+ paabus p——-

1
-— Data collision

Long output floating time

D

my)
—----Ld-

i

:

T

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

Figure6.32 Examplesof Idle Cycle Operation
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Table 6.15 shows the pin states in an idle cycle.

Table6.15 Pin Statesin Idle Cycle

Pins Pin State

A23 to AO Contents of immediately following bus cycle
D15 to DO High impedance

AS, 10S, CS256 High

RD High

HWR, LWR High

6.8 Bus Arbitration

6.8.1 Overview

The BSC has a bus arbiter that arbitrates bus master operations. There are three bus masters — the
CPU, DTC, and E-DMAC - that perform read/write operations while they have bus mastership.

6.8.2 Operation

Each bus master requests the bus mastership by means of a bus mastership request signal. The bus
arbiter detects the bus mastership request signal from the bus masters, and if a bus request occurs,
it sends a bus mastership request acknowledge signal to the bus master that made the request at the
designated timing. If there are bus requests from more than one bus master, the bus mastership
request acknowledge signal is sent to the one with the highest priority. When a bus master receives
the bus mastership request acknowledge signal, it takes the bus mastership until that signal is
canceled. The order of bus master priority is as follows:

(High) E-DMAC > DTC > CPU (Low)
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6.8.3 Bus Mastership Transfer Timing

When a bus request is received from a bus master with a higher priority than that of the bus master
that has acquired the bus mastership and is currently operating, the bus mastership is not
necessarily transferred immediately. Each bus master can relinquish the bus mastership at the
timings given below.

(1) CPU

The CPU is the lowest-priority bus master, and if a bus mastership request is received from the
DTC or E-DMAC, the bus arbiter transfers the bus mastership to the DTC or E-DMAC. The
timing for transferring the bus mastership is as follows:

e Timing for transferring the bus mastership to the DTC

1. Bus mastership is transferred at a break between bus cycles. However, if bus cycle is executed
in discrete operations, as in the case of a longword size access, the bus is not transferred at a
break between the operations. For details, see section 2.7, Bus States During Instruction
Execution in the H8S/2600 Series, H8S/2000 Series Software Manual.

2. If the CPU is in sleep mode, it transfers the bus mastership immediately.

e Timing for transferring the bus mastership to the E-DMAC

1. Bus mastership is transferred at a break between bus cycles. Even if bus cycle is executed in
discrete operations, as in the case of a longword size access, the bus can be transferred at a
break between bus cycles. For details, see section 21, Ethernet Controller Direct Memory
Access Controller (E-DMAC).

2. If the CPU is in sleep mode, it transfers the bus mastership immediately.
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(2) DTC

The DTC sends the bus arbiter a request for the bus mastership when a request for DTC activation
occurs. The DTC releases the bus mastership after a series of processes has completed.

The DTC is the lower-priority bus master than the E-DMAC, and if a bus mastership request is
received from the E-DMAC, the bus arbiter transfers the bus mastership to the E-DMAC. The
timing for transferring the bus mastership is as follows:

e Timing for transferring the bus mastership to the E-DMAC

1. Bus mastership is transferred at a break between bus cycles. However, if bus cycle is executed
in discrete operations, as in the case of a longword size access, the bus is not transferred at a
break between the operations. In addition, in the case of a 32-bit access by the DTC, the bus is
not transferred at a break between the operations. For details, see section 21, Ethernet
Controller Direct Memory Access Controller (E-DMAC).

2. If the CPU is in sleep mode, it transfers the bus mastership immediately.
(3) E-DMAC

The E-DMAC is the highest-priority bus master, and sends the bus arbiter a request for the bus
when an activation request is generated. The E-DMAC does not release the bus until the
consecutive transfer cycles have completed. For details, see section 21, Ethernet Controller Direct
Memory Access Controller (E-DMAC).
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Section 7 Data Transfer Controller (DTC)

This LSI includes a data transfer controller (DTC). The DTC can be activated by an interrupt or
software, to transfer data.

Figure 7.1 shows a block diagram of the DTC. The DTC's register information is stored in the on-
chip RAM. When the DTC is used, the RAME bit in SYSCR must be set to 1. A 32-bit bus
connects the DTC to addresses HFFECO0 to HFFEFFF in on-chip RAM (1 kbyte), enabling 32-
bit/1-state reading and writing of the DTC register information.

7.1 Features

Transfer is possible over any number of channels

Three transfer modes

— Normal, repeat, and block transfer modes are available
e One activation source can trigger a number of data transfers (chain transfer)
e  Direct specification of 16 Mbytes address space is possible
e Activation by software is possible
e Transfer can be set in byte or word units
e A CPU interrupt can be requested for the interrupt that activated the DTC
e Module stop mode can be set

e DTC operates in high-speed mode even when the LSI is in medium-speed mode
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Interrupt controller DTC ‘ ’
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[Legend]
MRA, MRB: DTC mode register A, B
CRA, CRB: DTC transfer count register A, B
SAR: DTC source address register
DAR: DTC destination address register
DTCERA to DTCERF: DTC enable registers A to F
DTVECR: DTC vector register

Figure7.1 Block Diagram of DTC
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1.2

Register Descriptions

The DTC has the following registers.

DTC mode register A (MRA)

DTC mode register B (MRB)

DTC source address register (SAR)
DTC destination address register (DAR)
DTC transfer count register A (CRA)
DTC transfer count register B (CRB)

These six registers cannot be directly accessed from the CPU. When a DTC activation interrupt
source occurs, the DTC reads a set of register information that is stored in on-chip RAM to the
corresponding DTC registers and transfers data. After the data transfer, it writes a set of updated
register information back to on-chip RAM.

DTC enable registers (DTCER)

DTC vector register (DTVECR)

Keyboard comparator control register (KBCOMP)
Event counter control register (ECCR)

Event counter status register (ECS)
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721 DTC Mode Register A (MRA)
MRA selects the DTC operating mode.

Initial
Bit Bit Name Value R/W  Description

7 SMA1 Undefined — Source Address Mode 1 and 0

6 SMO These bits specify an SAR operation after a data
transfer.

0*: SAR is fixed
10: SAR is incremented after a transfer
(by +1 when Sz = 0, by +2 when Sz = 1)

11: SAR is decremented after a transfer
(by —1 when Sz = 0, by -2 when Sz = 1)

5 DM1 Undefined — Destination Address Mode 1 and 0

4 DMO These bits specify a DAR operation after a data
transfer.

0*: DAR is fixed
10: DAR is incremented after a transfer
(by +1 when Sz = 0, by +2 when Sz = 1)

11: DAR is decremented after a transfer
(by —1 when Sz = 0, by -2 when Sz = 1)

3 MD1 Undefined — DTC Mode
2 MDO These bits specify the DTC transfer mode.
00: Normal mode
01: Repeat mode
10: Block transfer mode
11: Setting prohibited

1 DTS Undefined — DTC Transfer Mode Select

Specifies whether the source side or the destination
side is set to be a repeat area or block area in repeat
mode or block transfer mode.

0: Destination side is repeat area or block area
1: Source side is repeat area or block area

0 Sz Undefined — DTC Data Transfer Size
Specifies the size of data to be transferred.
0: Byte-size transfer
1: Word-size transfer

Note: * Don't care

Rev. 2.00 Aug. 20, 2008 Page 164 of 1198
REJ09B0403-0200 RENESAS



Section 7 Data Transfer Controller (DTC)

722 DTC Mode Register B (MRB)

MRB selects the DTC operating mode.

Initial
Bit Bit Name Value R/W  Description
7 CHNE Undefined — DTC Chain Transfer Enable

When this bit is set to 1, a chain transfer will be
performed. For details, see section 7.6.4, Chain
Transfer.

In data transfer with CHNE set to 1, determination of
the end of the specified number of data transfers,
clearing of the interrupt source flag, and clearing of
DTCER are not performed.

6 DISEL Undefined — DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time data transfer ends. When this bit
is cleared to 0, a CPU interrupt request is generated
only when the specified number of data transfer ends.

5to0 — Undefined — Reserved

These bits have no effect on DTC operation. The write
value should always be 0.

7.2.3 DTC Source Address Register (SAR)

SAR is a 24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

724 DTC Destination Address Register (DAR)

DAR is a 24-bit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.
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7.25 DTC Transfer Count Register A (CRA)
CRA is a 16-bit register that designates the number of times data is to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65536). It is
decremented by 1 every time data is transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA is divided into two parts; the upper eight bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL is decremented by 1 every time data is
transferred, and the contents of CRAH are sent when the count reaches H'00.

7.2.6 DTC Transfer Count Register B (CRB)

CRB is a 16-bit register that designates the number of times data is to be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65536) that is decremented by 1
every time data is transferred, and transfer ends when the count reaches H'0000.

7.2.7 DTC Enable Registers (DTCER)

DTCER specifies DTC activation interrupt sources. DTCER is comprised of five registers:
DTCERA to DTCEREF. The correspondence between interrupt sources and DTCE bits is shown in
tables 7.1 and 7.4. For DTCE bit setting, use bit manipulation instructions such as BSET and
BCLR. Multiple DTC activation sources can be set at one time (only at the initial setting) by
masking all interrupts and writing data after executing a dummy read on the relevant register.

Initial
Bit Bit Name Value R/W  Description
7to0 DTCE7to AlO R/W  DTC Activation Enable

DTCEO Setting this bit to 1 specifies a relevant interrupt source

as a DTC activation source.

[Clearing conditions]

¢ When data transfer has ended with the DISEL bit in
MRB set to 1

¢ When the specified number of transfers have ended

These bits are not cleared when the DISEL bit is 0 and
the specified number of transfers have not been
completed
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Table7.1 Correspondence between Interrupt Sourcesand DTCER

Register
Bit BitName DTCERA DTCERB DTCERC DTCERD DTCERE DTCERF*
7 DTCEn7 (16)IRQ0 — — (86)TX1H  — (115)USBINTO
6 DTCEn6 (17)IRQ1 (76)lICI2 — (89)RXIS — (118)USBINT1
5 DTCEn5 (18)IRQ2 (94)lICI0 — (90)TXIS — —
4 DTCEn4 (19)IRQ3 — (29)EVENTI (78)lICI3  — —
3 DTCEn3  (28)ADI — — (98)lICI1 (104)ERR1 —
2 DTCEn2 — — (81)RXI3 — (105)IBFI1  —
1 DTCEn1 — — (82)TXI3 — (106)IBFI2 —
0 DTCEn0 — — (85)RXI1 — (107)IBFI3  —
[Legend]
n: AtoF

() Vector number
— Reserved. The write value should always be 0.

*; Only in the H8S/2472

728  DTC Vector Register (DTVECR)

DTVECR enables or disables DTC activation by software, and sets a vector number for the

software activation interrupt.

Initial
Bit Bit Name Value R/W Description

7 SWDTE

0

R/W

DTC Software Activation Enable

Setting this bit to 1 activates DTC. Only 1 can be written to

this bit.

[Clearing conditions]

e When the DISEL bit is 0 and the specified number of
transfers have not ended

e When 0 is written to the DISEL bit after a software-
activated data transfer end interrupt (SWDTEND)
request has been sent to the CPU.

This bit will not be cleared when the DISEL bit is 1 and
data transfer has ended or when the specified number of
transfers has ended.
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Initial
Bit Bit Name Value R/W

Description

6to0 DTVEC6to AllO R/W
DTVECO

DTC Software Activation Vectors 6 to O

These bits specify a vector number for DTC software
activation.

The vector address is expressed as H'0400 + (vector
number x 2). For example, when DTVEC6 to DTVECO =
H'10, the vector address is H'0420. When the SWDTE bit
is 0, these bits can be written to.

7.29 Keyboard Comparator Control Register (KBCOMP)

KBCOMP enables or disables the comparator scan function of event counter.

Initial

Bit Bit Name Value R/W Description
7 EVENTE O R/W Event Count Enable

0: Disables event count function

1: Enables event count function
6,5 — AllO R Reserved

These bits are always read as 0 and cannot be modified.
4t00 — All O R/W Reserved

The initial value should not be changed.
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7.210 Event Counter Control Register (ECCR)

ECCR selects the event counter channels for use and the detection edge.

Initial
Bit Bit Name Value R/W Description
7 EDSB 0 R/W Event Counter Edge Select

Selects the detection edge for the event counter.
0: Counts the rising edges
1: Counts the falling edges
6to4 — AllO R Reserved
These bits are always read as 0 and cannot be modified.

3to0 ECSB3to AlO R/W Event Counter Channel Select 3 to 0
ECSBO

These bits select pins for event counter input. A series
of pins are selected starting from EVENTO. When
PANnDDR is set to 1, inputting events to EVENTO to
EVENT7 is ignored.

0000: EVENTO is used

0001: EVENTO to EVENT1 are used
0010: EVENTO to EVENT2 are used
0011: EVENTO to EVENTS3 are used
0100: EVENTO to EVENT4 are used
0101: EVENTO to EVENTS5 are used
0110: EVENTO to EVENTS6 are used
0111: EVENTO to EVENT?7 are used
1000: EVENTO to EVENTS8 are used
1001: EVENTO to EVENT9 are used
1010: EVENTO to EVENT10 are used
1011: EVENTO to EVENT11 are used
1100: EVENTO to EVENT12 are used
1101: EVENTO to EVENT13 are used
1110: EVENTO to EVENT14 are used
1111: EVENTO to EVENT15 are used
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7.211 Event Counter Status Register (ECS)

ECS is a 16-bit register that holds events temporarily. The DTC decides the counter to be
incremented according to the state of this register. Reading this register allows the monitoring of
events that are not yet counted by the event counter. Access in 8-bit unit is not allowed.

Initial
Bit Bit Name Value R/W Description
15to0 E15to E0 O R Event Monitor 15to 0

These bits indicate processed/unprocessed states of the
events that are input to EVENT15 to EVENTO.

0: The corresponding event is already processed
1: The corresponding event is not yet processed
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7.3

DTC Event Counter

To count events of EVENT 0 to EVENT15 by the DTC event counter function, set DTC as below.

Table7.2 DTC Event Counter Conditions
Register Bit Bit Name Description
MRA 7,6 SM1, SMO 00: SAR is fixed.
54 DM1, DMO 00: DAR is fixed.
3,2 MD1, MDO 01: Repeat mode
1 DTS 0: Destination is repeat area
0 Sz 1: Word size transfer
MRB 7 CHNE 0: Chain transfer is disabled
6 DISEL 0: Interrupt request is generated when data is transferred by
the number of specified times
5t00 — B'000000
SAR 23to0 — Identical optional RAM address. Its lower five bits are B'00000.
DAR 23to0 — The start address of 16 words is this address. They are
incremented every time an event is detected in EVENTO to
EVENT15.
CRAH 7t00 — H'FF
CRAL 7100 — H'FF
CRBH 7t00 — H'FF
CRBL 7100 — H'FF
DTCERC 4 DTCEC4 1: DTC function of the event counter is enabled
KBCOMP 7 EVENTE 1: Event counter enable
RAM — — (SAR, DAR) : Result of EVENTO count

(SAR, DAR) + 2: Result of EVENT 1 count
(SAR, DAR) + 4: Result of EVENT 2 count

\:
(SAR, DAR) + 30: Result of EVENT 15 count

The corresponding flag to ECS input pin is set to 1 when the event pins that are specified by the
ECSB3 to ECSBO in ECCR detect the edge events specified by the EDSB in ECCR. For this flag
state, status/address codes are generated.

An EVENTI interrupt request is generated even if only one bit in ECS is set to 1.
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The EVENTI interrupt request activates the DTC and transfers data from RAM to RAM in the
same address. Data is incremented in the DTC. The lower five bits of SAR and DAR are replaced
with address code that is generated by the ECS flag status.

When the DTC transfer is completed, the ECS flag for transfer is cleared.

Table7.3 Flag Status/Address Code

ECS Address
15 [14 [13 |12 [11 |10 |9 |8 |7 |6 [5 |4 |3 |2 |1 Code

B'00000

B'00010

B'00100

B'00110

B'01000

B'01010

B'01100

B'01110

B'10000

B'10010

B'10100

B'10110

B'11000

B'11010

B'11100

o|Oo|O| =

o|Oo|Oo|Of =

oO|lO|O|OC|O| =

oO|Oo|O|O|O|O| =
o|lo|O0O|O0O|OC|OC|O| =
oO|o|O0O|OO|lO|OC|OC|O| =
oO|Oo|O0O|OO|lO|O|OC|OC|O| =

[« NelNeolNolNeolNeolNolNeol Nl NeN R
oO|Oo|lO0O|O|O0O|O|OC|O|OC|OC|O| =

el NelNeolNolNolNeolNolNol ol NolNol NN
oO|Oo|lO0O|O|O0O|O|O|O|O|OC|OC|OC|O| =
oO|Oo|O0O|O0O|O0O|O|O0O|O|O|O|O|OC|O|O| =
oO|0o|O0O|O|lO0O|O|O|O|lO|O|O|O|O|OC|O|—=+]|O

B'11110

Rev. 2.00 Aug. 20, 2008 Page 172 of 1198
REJ09B0403-0200 RENESAS



Section 7 Data Transfer Controller (DTC)

731 Event Counter Handling Priority
EVENTO to EVENT15 count handling is operated in the priority shown as below.
High Low

EVENTO > EVENT] -« -« ... EVENT14 > EVENT15

7.3.2 Usage Notes
There are following usage notes for this event counter because it uses the DTC.

1. Continuous events that are input from the same pin and out of DTC handling are ignored
because the count up is operated by means of the DTC.

2. If some events are generated in short intervals, the priority of event counter handling is not
ordered and events are not handled in order of arrival.

3. If the counter overflows, this event counter counts from H'0000 without generating an
interrupt.
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74 Activation Sources

The DTC is activated by an interrupt request or by a write to DTVECR by software. The interrupt
request source to activate the DTC is selected by DTCER. At the end of a data transfer (or the last
consecutive transfer in the case of chain transfer), the interrupt flag that became the activation
source or the corresponding DTCER bit is cleared. The activation source flag, in the case of

RXIO, for example, is the RDRF flag in SCI_O.

When an interrupt has been designated as a DTC activation source, the existing CPU mask level
and interrupt controller priorities have no effect. If there is more than one activation source at the
same time, the DTC operates in accordance with the default priorities. Figure 7.2 shows a block
diagram of DTC activation source control. For details on the interrupt controller, see section 5,

Interrupt Controller.

Source flag cleared

Clear
controller
lT
DTCER
Select Clear request
A
On-chip
peripheral - - DTC
module §
S
i - &
IRQ interrupt Interrupt S
request 2
(0]
DTVECR Interrupt controller

Interrupt mask

CPU

Figure7.2 Block Diagram of DTC Activation Source Control
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75 L ocation of Register Information and DTC Vector Table

Locate the register information in the on-chip RAM (addresses: HFFEC00 to HFFEFFF).
Register information should be located at an address that is a multiple of four within the range.
The method for locating the register information in address space is shown in figure 7.3. Locate
MRA, SAR, MRB, DAR, CRA, and CRB, in that order, from the start address of the register
information. In the case of chain transfer, register information should be located in consecutive
areas as shown in figure 7.3, and the register information start address should be located at the
vector address corresponding to the interrupt source in the DTC vector table. The DTC reads the
start address of the register information from the vector table set for each activation source, and
then reads the register information from that start address.

When the DTC is activated by software, the vector address is obtained from: H'0400 +
(DTVECR]6:0] x 2). For example, if DTVECR is H'10, the vector address is H'0420.

The configuration of the vector address is a 2-byte unit. Specify the lower two bytes of the register
information start address.

Lower address

r \
0 1 2 3
Register T T ~
information —® MRA SAR
start address
MRB DAR Register information
) CRA CRB
Chain J
t if
ransfer MRA SAR N
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
" 1 -
- 4 bytes o

/\/

Figure7.3 DTC Register Information Location in Address Space

Rev. 2.00 Aug. 20, 2008 Page 175 of 1198
RENESAS REJ09B0403-0200




Section 7 Data Transfer Controller (DTC)

Table7.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Activation Vector DTC Vector
Source Origin Activation Source Number  Address DTCE* Priority
Software Write to DTVECR DTVECR H'0400 + (vector — High
number x 2) A
External pins IRQO 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5
IRQ3 19 H'0426 DTCEA4
A/D converter ADI 28 H'0438 DTCEA3
EVC EVENTI 29 H'043A DTCEC4
lc_2 lICI2 76 H'0498 DTCEB6
lIC_3 IICI3 78 H'049C DTCED4
SCI_3 RXI3 81 H'04A2 DTCEC2
TXI3 82 H'04A4 DTCECH1
SCI_1 RXI1 85 H'04AA DTCECO
XN 86 H'04AC DTCED7
SSuU RXIS 89 H'04B2 DTCED®6
TXIS 90 H'04B4 DTCED5
lIC_0 lICIO 94 H'04BC DTCEB5
IIC_1 lICH 98 H'04C4 DTCED3
LPC ERRI 104 H'04D0 DTCEES
IBFI1 105 H'04D2 DTCEE2
IBFI2 106 H'04D4 DTCEEH1
IBFI3 107 H'04D6 DTCEEO
USB (only inthe USBINTO 115 H'04E6 DTCEF7
H8S/2472) USBINTH 118 H'04EC DTCEF6  Low

Note: * DTCE bits with no corresponding interrupt are reserved, and the write value should
always be 0.
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7.6 Operation

The DTC stores register information in on-chip RAM. When activated, the DTC reads register
information in on-chip RAM and transfers data. After the data transfer, the DTC writes updated
register information back to on-chip RAM. The pre-storage of register information in memory
makes it possible to transfer data over any required number of channels. The transfer mode can be
specified as normal, repeat, or block transfer mode. Setting the CHNE bit in MRB to 1 makes it
possible to perform a number of transfers with a single activation source (chain transfer).

The 24-bit SAR designates the DTC transfer source address, and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed depending on its register information.

Read DTC vector

Next transfer

A

Read register information

1

Data transfer

v

Write register information

No

Y

Transfer counter = 0

or DISEL =1 Yes

Clear an activation flag Clear DTCER

Interrupt exception
handling

Figure7.4 DTC Operation Flowchart

End
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7.6.1 Normal Mode

In normal mode, one activation source transfers one byte or one word of data. Table 7.5 lists the
register functions in normal mode. From 1 to 65,536 transfers can be specified. Once the specified
number of transfers has been completed, a CPU interrupt can be requested.

Table7.5 Register Functionsin Normal Mode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register ~ DAR Transfer destination address
DTC transfer count register A CRA Transfer counter
DTC transfer count register B CRB Not used

N— — N N—— N

SAR —» -— DAR
Transfer
| /
N~ — N N~ —

Figure7.5 Memory Mappingin Normal Mode
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7.6.2 Repeat Mode

In repeat mode, one activation source transfers one byte or one word of data. Table 7.6 lists the
register functions in repeat mode. From 1 to 256 transfers can be specified. Once the specified
number of transfers has been completed, the initial states of the transfer counter and the address
register that is specified as the repeat area is restored, and transfer is repeated. In repeat mode, the
transfer counter value does not reach H'00, and therefore CPU interrupts cannot be requested when
the DISEL bit in MRB is cleared to 0.

Table7.6 Register Functionsin Repeat Mode

Name

Abbreviation

Function

DTC source address register SAR

Transfer source address

DTC destination address register DAR

Transfer destination address

DTC transfer count register AH CRAH

Holds number of transfers

DTC transfer count register AL CRAL Transfer Count
DTC transfer count register B CRB Not used
N— N—
SAR DAR
or — Repeat area ~-+—  or
DAR Transfer SAR
A \j
N~ N~ —

Figure7.6 Memory Mapping in Repeat Mode

Rev. 2.00 Aug. 20, 2008 Page 179 of 1198

RENESAS REJ09B0403-0200



Section 7 Data Transfer Controller (DTC)

7.6.3 Block Transfer Mode

In block transfer mode, one activation source transfers one block of data. Either the transfer source
or the transfer destination is designated as a block area. Table 7.7 lists the register functions in
block transfer mode. The block size can be between 1 and 256. When the transfer of one block
ends, the initial state of the block size counter and the address register that is specified as the block
area is restored. The other address register is then incremented, decremented, or left fixed
according to the register information. From 1 to 65,536 transfers can be specified. Once the
specified number of transfers has been completed, a CPU interrupt is requested.

Table7.7 Register Functionsin Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Transfer source address
DTC destination address register ~ DAR Transfer destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Block size counter

DTC transfer count register B CRB Transfer counter

—

B 1st block

SAR B d ] B 1 DAR

or —» . <:> Block area - o

DAR — 3 N Transfer B -1 SAR

N th block

N~ —

Figure7.7 Memory Mappingin Block Transfer Mode
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7.6.4 Chain Transfer

Setting the CHNE bit in MRB to 1 enables a number of data transfers to be performed
consecutively in response to a single transfer request. SAR, DAR, CRA, CRB, MRA, and MRB,
which define data transfers, can be set independently.

Figure 7.8 shows the overview of chain transfer operation. When activated, the DTC reads the
register information start address stored at the DTC vector address, and then reads the first register
information at that start address. After the data transfer, the CHNE bit will be tested. When it has
been set to 1, DTC reads the next register information located in a consecutive area and performs
the data transfer. These sequences are repeated until the CHNE bit is cleared to 0.

In the case of transfer with the CHNE bit set to 1, an interrupt request to the CPU is not generated
at the end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.

T S~——
Source
/_\_/ /_\_/
Register information Destination
— ' CHNE =1
DTC vector Register information
address —™| startaddress Reqister i i
1 egister information
CHNE =0
— Source
) ~—_ ) ~—_
L] Destination
L o~

Figure7.8 Chain Transfer Operation
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7.6.5 Interrupt Sources

An interrupt request is issued to the CPU when the DTC has completed the specified number of
data transfers, or a data transfer for which the DISEL bit was set to 1. In the case of interrupt
activation, the interrupt set as the activation source is generated. These interrupts to the CPU are
subject to CPU mask level and priority level control by the interrupt controller.

In the case of software activation, a software-activated data transfer end interrupt (SWDTEND) is
generated.

When the DISEL bit is 1 and one data transfer has been completed, or the specified number of
transfers have been completed, after data transfer ends, the SWDTE bit is held at 1 and an
SWDTEND interrupt is generated. The interrupt handling routine will then clear the SWDTE bit
to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

7.6.6 Operation Timing

; JUUUuUUUUUU UL
DTC activation \
request /

DTC request / \

Data transfer

Vector read

-
O OOOEEO00
- -

Transfer information Transfer information
read write

Figure7.9 DTC Operation Timing (Examplein Normal Mode or Repeat Mode)
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DTC activation

request

DTC request [

Address

Jurirudridridriiuyy

_/ \

-

Vector read

-

Data transfer

e~
OOOEEEE0O00

g
Transfer information

g
Transfer information
read

write

Figure7.10 DTC Operation Timing (Example of Block Transfer Mode,

with Block Size of 2)

Juuuiiiyyidrrrruuuuyy iyt

DTC activation
request

-/

DTC request /

|

Data transfer
Vector read B

Address

Data transfer
-

Transfer information Transfer Transfer Transfer information
read information information write
write read

Figure7.11 DTC Operation Timing (Example of Chain Transfer)
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7.6.7 Number of DTC Execution States

Table 7.8 lists the execution status for a single DTC data transfer, and table 7.9 shows the number
of states required for each execution status.

Table7.8 DTC Execution Status

Register
Information Internal
Vector Read Read/Write Data Read Data Write  Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

[Legend]
N: Block size (initial setting of CRAH and CRAL)

Table7.9 Number of States Required for Each Execution Status
On-Chip RAM

On-Chip RAM (On-chip RAM area On- On-Chip
(H'FFECO00 to other than H'FFEC00 to Chip /0

Object to be Accessed H'FFEFFF) H'FFEFFF) ROM Registers  External Devices
Bus width 32 16 16 8 16 8 8 16 16
Access states 1 1 1 2 2 2 3 2 3
Execution Vectorread S — — 1 — — 4 6+2m 2 3+m
status
Register 1 — — — — — — — —
information
read/write S,
Byte data read S, 1 1 1 2 2 2 3+m 2 3+m
Word dataread 1 1 1 4 2 4 6 +2m 2 3+m
SK
Byte data write S 1 1 1 2 2 2 3+m 2 3+m
Word data write 1 1 1 4 2 4 6 +2m 2 3+m
SL
Internal operation 1 1 1 1 1 1 1 1 1
S

M
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The number of execution states is calculated from using the formula below. Note that  is the sum
of all transfers activated by one activation source (the number in which the CHNE bit is set to 1,
plus 1).

Number of execution states =1-S +X (J-S + K-S +L-S)+M-S,

For example, when the DTC vector address table is located in on-chip ROM, normal mode is set,
and data is transferred from on-chip ROM to an internal I/O register, then the time required for the
DTC operation is 13 states. The time from activation to the end of data write is 10 states.

7.7 Proceduresfor Using DTC

7.7.1 Activation by Interrupt

The procedure for using the DTC with interrupt activation is as follows:

1. Setthe MRA, MRB, SAR, DAR, CRA, and CRB register information in on-chip RAM.
2. Set the start address of the register information in the DTC vector address.

3. Set the corresponding bit in DTCER to 1.
4

. Set the enable bits for the interrupt sources to be used as the activation sources to 1. The DTC
is activated when an interrupt used as an activation source is generated.

5. After one data transfer has been completed, or after the specified number of data transfers have
been completed, the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC is to
continue transferring data, set the DTCE bit to 1.

7.7.2 Activation by Software
The procedure for using the DTC with software activation is as follows:

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in on-chip RAM.
Set the start address of the register information in the DTC vector address.

Check that the SWDTE bit is 0.

Write 1 to the SWDTE bit and the vector number to DTVECR.

Check the vector number written to DTVECR.

After one data transfer has been completed, if the DISEL bit is 0 and a CPU interrupt is not
requested, the SWDTE bit is cleared to 0. If the DTC is to continue transferring data, set the
SWDTE bit to 1. When the DISEL bit is 1 or after the specified number of data transfers have
been completed, the SWDTE bit is held at 1 and a CPU interrupt is requested.

AN S e
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7.8 Examples of Use of the DTC

7.8.1 Normal Mode

An example is shown in which the DTC is used to receive 128 bytes of data via the SCI.

1.

Set MRA to a fixed source address (SM1 = SMO = 0), incrementing destination address (DM 1
=1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI, RDR address in SAR, the start address of the RAM area where the data will be received
in DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the register information at the DTC vector address.

Set the corresponding bit in DTCER to 1.

4. Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the

reception complete (RXI) interrupt. Since the generation of a receive error during the SCI
reception operation will disable subsequent reception, the CPU should be enabled to accept
receive error interrupts.

Each time the reception of one byte of data has been completed on the SCI, the RDRF flag in
SSR is set to 1, an RXI interrupt is generated, and the DTC is activated. The receive data is
transferred from RDR to RAM by the DTC. DAR is incremented and CRA is decremented.
The RDREF flag is automatically cleared to 0.

When CRA becomes 0 after 128 data transfers have been completed, the RDREF flag is held at
1, the DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine will perform wrap-up processing.
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7.8.2 Softwar e Activation

An example is shown in which the DTC is used to transfer a block of 128 bytes of data by means
of software activation. The transfer source address is H'1000 and the transfer destination address is
H'2000. The vector number is H'60, so the vector address is H'04CO0.

1.

Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 = 1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the transfer destination address (H2000)
in DAR, and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

Set the start address of the register information at the DTC vector address (H'04C0).

Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

4. Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write data is H'EO.

Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. This is presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.
If the write was successful, the DTC is activated and a block of 128 bytes of data is
transferred.

After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE bit to 0 and perform wrap-up processing.
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7.9 Usage Notes

7.9.1 Module Stop Mode Setting

DTC operation can be enabled or disabled by the module stop control register (MSTPCR). In the
initial state, DTC operation is enabled. Access to DTC registers is disabled when module stop
mode is set. Note that when the DTC is being activated, module stop mode cannot be specified.
For details, refer to section 28, Power-Down Modes.

79.2 On-Chip RAM

MRA, MRB, SAR, DAR, CRA, and CRB are all located in on-chip RAM. When the DTC is used,
the RAME bit in SYSCR should not be cleared to 0.

7.9.3 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR, for reading and
writing. Multiple DTC activation sources can be set at one time (only at the initial setting) by
masking all interrupts and writing data after executing a dummy read on the relevant register.

794 DTC Activation by Interrupt Sourcesof SCI, IIC, or A/D Converter

Interrupt sources of the SCI, IIC, or A/D converter which activate the DTC are cleared when DTC
reads from or writes to the respective registers, and they cannot be cleared by the DISEL bit.
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Section 8 1/0 Ports

8.1 I/O Portsfor the H8S/2472 Group

Table 8.1 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 and a data register (DR) that stores output data.
DDR and DR are not provided for input-only ports.

Pins of ports 1 to 4, 6, and A and pins DO to D5 of port D have built-in input pull-up MOSs. For
port A pins and DO to D5 pins, the on/off status of the input pull-up MOS is controlled by their
respective DDR and the output data register (ODR). Ports 1 to 4, and 6 have an input pull-up MOS
control register (PCR), in addition to DDR and DR, to control the on/off status of the input pull-up
MOSs.

Port 3 pins and pins 47 to 44 and B3 to BO have built-in de-bouncers (DBn) that eliminate noises
in the input signals.

Ports 4 and F are designed for retain state outputs (RSn), which retain the output values on the
pins even if a reset is generated when the watchdog timer has overflowed.

Ports 1 to 6, and 8 to E can drive a single TTL load and 30 pF capacitive load. All the I/O ports
can drive a Darlington transistor in output mode. Port pins 80 to 83, CO to C5, D6, and D7 are
NMOS push-pull output.
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Table8.1 Port Functions
Single-Chip Mode Extended Mode Feature of
Port Description (EXPE =0) (EXPE =1) 110
Port 1  General I/O port P17 P17/A7/AD7 Built-in input
multiplexed with P16 P16/A6/AD6 pull-up MOS
address outputand P15 P15/A5/AD5
address-data P14 P14/A4/AD4
multiplex I/O P13 P13/A3/AD3
P12 P12/A2/AD2
P11 P11/A1/AD1
P10 P10/A0/ADO
Port2 General I/O port P27/DTR Same as left Built-in input
multiplexed with SCIF P26/DSR pull-up MOS
control 1/0 P25/RI
P24/DCD
General I/O port P23 P23/A11/AD11
multiplexed with P22 P22/A10/AD10
address output and P21 P21/A9/AD9
address-data P20 P20/A8/AD8
multiplex /O
Port 3 General I/O port P37/ExDB7 P37/ExDB7/D15 Built-in input
multiplexed with de-  P36/ExDB6 P36/ExDB6/D14 pull-up MOS
bounced input and P35/ExDB5 P35/ExDB5/D13
bidirectional data bus P34/ExDB4 P34/ExDB4/D12
I/0 P33/ExDB3 P33/ExDB3/D11
P32/ExDB2 P32/ExDB2/D10
P31/ExDB1 P31/ExDB1/D9
P30/ExDBO P30/ExDB0/D8
Port4 General I/O port P47/IRQ7/RS7/DB7/HC7 P47/A15/AD15 Built-in input
multiplexed with P46/IRQ6/RS6/DB6/HC6 P46/A14/AD14 pull-up MOS
interrupt input, de- P45/IRQ5/RS5/DB5/HCS  P45/A13/AD13 LED driving
bounced input, P44/IRQ4/RS4/DB4/HC4  P44/A12/AD12 capability
address output, and
address-data (sink current
multiplex 1/0 12 mA)
General 1/0 port P43/1RQ3/RS3/HC3 P43/IRQ3/RS3/HC3/D7*
multiplexed with P42/IRQ2/RS2/HC2 P42/IRQ2/RS2/HC2/D6*
interrupt input and P41/IRQ1/RS1/HCA P41/IRQ1/RS1/HC1/D5*
bidirectional data P40/IRQ0/RS0/HCO P40/IRQ0/RS0O/HCO/D4*
bus* I/O
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Single-Chip Mode Extended Mode Feature of
Port Description (EXPE =0) (EXPE =1) 1/0
Port 5 General I/O port P57 WR/HWR
multiplexed with P56/EXCL/¢ Same as left
interrupt input, bus P55/RQ13/SSI
control output, system P54/IRQ12/SSO
clock output, SSU I/O,
and external subclock
input
General I/O port P53/IRQ11/RxD1 Same as left
multiplexed with P52/IRQ10/TxD1
interrupt input, SCIF  P51/IRQ9/RxDF
and SCI_11/0 P50/IRQ8/TxDF
Port6 General I/O port P67/ExIRQ8/SSCK Same as left Built-in input
multiplexed with P66/ExIRQ9/SCS pull-up MOS
interrupt input, SCIF  P65/EXIRQ10/RTS
control I/0 and SSU  P64/ExIRQ11/CTS
control 1/0
General I/O port P63/PWX3 P63/PWX3/D3*
multiplexed with P62/PWX2 P62/PWX2/D2*
interrupt input, PWMX P61/IRQ15/PWX1 P61/IRQ15/PWX1/D1*
output, and P60/IRQ14/PWX0 P60/IRQ14/PWX0/D0*
bidirectional data
bus* I/O
Port 7 General input port P77/AN7 Same as left
multiplexed with A/D  P76/AN6
converter analog input P75/AN5
P74/AN4
P73/AN3
P72/AN2
P71/AN1
P70/ANO
Port 8 General I/O port P87/ExIRQ15/TxD3/ Same as left
multiplexed with ADTRG
interrupt input, A/D P86/ExIRQ14/RxD3
converter external P85/ExIRQ13/SCK1
trigger input, and P84/ExIRQ12/SCK3
SCI_1and SCI_31/0
General I/O port P83/SDA1 Same as left NMOS
multiplexed with [IC_0 P82/SCL1 push-pull
and lIC_1 I/O0 P81/SDAO output
P80/SCLO
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Single-Chip Mode Extended Mode Feature of
Port Description (EXPE =0) (EXPE =1) 1/0
Port9 General I/O port P97 P97/WAIT/CS256
multiplexed with
P96 Same as left
PWMX output and —
bus control I/0 P95 AS/I0S
P94/ExPWX1 Same as left
P93/ExPWX0
P92 P92/HBE
P91 P91/AH
P90 P90/LBE
Port A General I/O port PA7/EXIRQ7/EVENT7/EXOUT  PA7/ExIRQ7/EVENT7/A23 Built-in input
multiplexed with PAG6/EXIRQ6/EVENT6/LNKSTA  PA6/EXIRQE/EVENTE/A22/LNKSTA  pull-up MOS
interrupt input, DTC ~ PA5/EXIRQ5/EVENT5/WOL PA5/EXIRQ5/EVENT5/A21/WOL
event counter input,  PA4/ExIRQ4/EVENT4 PA4/EXIRQ4/EVENT4/A20
EtherC control 1/O, PA3/ExIRQ3/EVENT3 PA3/EXIRQ3/EVENT3/A19
and address output  PA2/EXIRQ2/EVENT2 PA2/EXIRQ2/EVENT2/A18
PA1/ExIRQ1/EVENT1 PA1/ExIRQ1/EVENT1/A17
PAO/ExIRQO/EVENTO PAO/ExIRQO/EVENTO/A16
Port B General I/O port PB7/EVENT15/RM_RX-ER Same as left
multiplexed with DTC PB6/EVENT14/RM_CRS-DV
event counter input ~ PB5/EVENT13/ RM_REF-CLK
and EtherC control PB4/EVENT12/RM_TX-EN
/0
General I/O port PB3/DB3/EVENT11/RM_RXD1  Same as left
multiplexed with de-  PB2/DB2/EVENT10/RM_RXDO
bounced input, DTC  PB1/DB1/EVENT9/RM_TXD1
event counter input,  PBO/DBO/EVENT8/RM_TXDO
and EtherC control
1/0
Port C General I/O port PC7 RD
multiplexed with bus  PC6 PC6/LWR
control output
General I/0 port PC5/SDA4 Same as left NMOS
multiplexed with 1IC_2 PC4/SCL4 gﬂfhﬁ’“"
to IC_4 1/0 PC3/SDA3 P
PC2/SCL3
PC1/SDA2
PCO0/SCL2
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Single-Chip Mode Extended Mode Feature of
Port Description (EXPE =0) (EXPE =1) 1/0
Port D General I/O port PD7/SDA5 Same as left NMOS
multiplexed with IIC_5 PD6/SCL5 push-pull
1/0 output
General I/O port PD5/LPCPD Same as left Built-in input
multiplexed with LPC PD4/CLKRUN pull-up MOS
1/0 PD3/GA20
PD2/PME
PD1/LSMI
PDO/LSCI
Port E General I/O port PE7/SERIRQ Same as left
multiplexed with LPC PE6/LCLK
1/0 PE5/LRESET
PE4/LFRAME
PE3/LAD3
PE2/LAD2
PE1/LAD1
PEO/LADO
Port F  General I/O port PF6/ExPWX2/RS14 Same as left
multiplexed with PF5/RS13
PWMX output and PF4/RS12
EtherC control I1/0 PF3/ExPWXS3/RS11
PF2/RS10
PF1/RS9/MDC
PF0O/RS8/MDIO
Note: * Available when configured for 16-bit data bus.
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811 Port 1

Port 1 is an 8-bit I/O port. Port 1 pins can also function as the address bus and address-data
multiplex bus pins. The pin functions change according to the operating mode. Port 1 has the
following registers.

e Port 1 data direction register (PIDDR)
e Port 1 data register (P1DR)
e Port 1 pull-up MOS control register (P1PCR)

(1) Port 1 Data Direction Register (P1DDR)

The individual bits of PIDDR specify input or output for the pins of port 1.

Bit Bit Name Initial Value R/W Description

7 P17DDR 0 w e Normal extended mode (ADMXE = 0)

6 P16DDR 0 w When set to 1, the corresponding pins function as

5 P15DDR 0 W adqiress outpuf[ pins; when cleared to 0, function
as input port pins.

4 P14DDR 0 w e Address-data multiplex extended mode (ADMXE =

3 P13DDR 0 w 1)

2 P12DDR 0 W These bits correspond to the AD7 to ADO pins of

1 P11DDR 0 w the address-data multiplex bus.

0 P10DDR 0 w . Single-chip mode

When set to 1, the corresponding pins function as
output port pins; when cleared to 0, function as
input port pins.
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(2) Port 1 Data Register (P1DR)

P1DR stores output data for the port 1 pins.

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 port.

If this register is read, the P1DR values are read for
5 P15DR 0 R/W the bits with the corresponding P1DDR bits set to 1.
4 P14DR 0 R/W  For the bits with the corresponding P1DDR bits
3 P13DR 0 R/W cleared to 0, the pin states are read.
2 P12DR 0 R/W
1 P11DR 0 R/W
0 P10DR 0 R/W

(3) Port 1 Pull-Up MOS Control Register (P1LPCR)

P1PCR controls the port 1 built-in input pull-up MOSs.

Bit Bit Name Initial Value R/W  Description

7 P17PCR 0 R/W  When the pins are in the input state, the

6 P16PCR 0 RIW :o;qesg%ng:?%|2§tuttop1ulll up MOS is turned on when
5 P15PCR 0 R/W Do not change the initial value when using the

4 P14PCR 0 R/W  address-data multiplex extended bus mode.

3 P13PCR 0 R/W

2 P12PCR 0 R/W

1 P11PCR 0 R/W

0 P10PCR 0 R/W
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(4) Pin Functions
The relationship between the register settings and the pin function is shown below.

(a) Extended Mode (EXPE =1)

The pin function is switched as shown below according to the PInDDR bit.

P1nDDR 0 1
ADMXE 0 1 0 1
ABW, X Either bit is 0 | Both bits are X Either bit is 0 Both bits
ABW256 (8/16-bit bus) | 1 (8-bit bus) (8/16-bit bus) | are 1 (8-bit
bus)

Pin function | P1n input ADn P1n input pin| An output Setting P1n output

pin input/output pin prohibited pin

pin

[Legend] n = 7 to 0, X: Don't care.

(b) Single-Chip Mode (EXPE = 0)

The pin function is switched as shown below according to the PInDDR bit.

P1nDDR 0 1

Pin function P1n input pin P1n output pin

[Legend]n=71t0 0

(5) Port 1 Input Pull-Up MOS

Port 1 has built-in input pull-up MOSs that can be controlled by software. The input pull-up MOS
can be used regardless of the operating mode. Table 8.2 summarizes the input pull-up MOS states.

Table8.2 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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8.1.2 Port 2

Port 2 is an 8-bit I/O port. Port 2 pins can also function as the SCIF modem control signal, address
bus, and address-data multiplex bus pins. The 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 pull-up MOS control register (P2PCR)

(1) Port 2 Data Direction Register (P2DDR)

The individual bits of P2DDR specify input or output for the pins of port 2.

Bit Bit Name Initial Value  R/W Description

7 P27DDR 0 w When set to 1, the corresponding pins function as

6 P26DDR 0 W output port pins; when cleared to 0, function as

input port pins.

5 P25DDR 0 w

4 P24DDR 0 w

3 P23DDR 0 w ¢ Normal extended mode (ADMXE = 0)

2 P22DDR 0 w When set to 1, the corresponding pins function

1 P21DDR 0 W as ad@ress _output pins; when cleared to 0,
function as input port pins.

0 P20DDR 0 W The address output pins used are in accord
with the settings of the IOSE and CS256E bits
of SYSCR.

e Address-data multiplex extended mode
(ADMXE = 1)

These bits correspond to the AD11 to AD8 pins
of the address-data multiplex bus.
¢ Single-chip mode

When set to 1, the corresponding pins function
as output port pins; when cleared to 0, function
as input port pins.
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(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 R/W used as the general output port.
If this register is read, the P2DR values are read
5 P25DR 0 R/W for the bits with the corresponding P2DDR bits set
4 P24DR 0 R/W to 1. For the bits with the corresponding P2DDR
3 P23DR 0 R/W bits cleared to 0, the pin states are read.
2 P22DR 0 R/W
1 P21DR 0 R/W
0 P20DR 0 R/W

(3) Port 2 Pull-Up MOS Control Register (P2PCR)

P2PCR controls the port 2 built-in input pull-up MOSs.

Bit Bit Name Initial Value  R/W Description

7 P27PCR 0 R/W When the pins are in the input state, the

6 P26PCR 0 R/W corresponding input pull-up MOS is turned on
when a P2PCR bit is set to 1.

5 P25PCR 0 R/W

4 P24PCR 0 R/W

3 P23PCR 0 R/W When the pins are in the input state, the
corresponding input pull-up MOS is turned on

2 P22PCR 0 R/W when a P2PCR bit is set to 1.

! P21PCH 0 RW Do not change the initial value when using the

0 P20PCR 0 R/W address-data multiplex extended bus mode.
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(4) Pin Functions

The relationship between the register settings and the pin function is shown below.

(@)

e P27to P24

Extended Mode (EXPE =1)

The pin function is the same as that in single-chip mode.

e P23

The pin function is switched as shown below according to the combination of the CS256E and
IOSE bits in SYSCR, the ADFULLE bit in BCR2 of the BSC, and the P23DDR bit. Address
11 in the table below is expressed by the following logical expression.

Address 11 = 1: ADFULLE e CS256E ¢ IOSE

P23DDR 0 1

ADMXE 0 1 1

Address 11 X X 0 1 X

Pin function | P23 input pin |AD11 input/output|A11 output pin | P23 output pin |AD11 input/output
pin pin

e P22 to P20

P2nDDR 0 1

ADMXE 0 1 0 1

Pin function P2n input pin ADm input/output Am output pin ADm input/output

pin pin
[Legend] m=10t0 8, n=21to 0, X: Don't care.
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(b) Single-Chip Mode (EXPE = 0)

e P27/DTR

The pin function is switched as shown below according to the combination of the SCIFE bit in
HICRS of the LPC, the SCIFOE1 and SCIFOEDQO bits in SCIFCR of the SCIF, and the P27DDR

bit.
SCIFE 0 1
SCIFOEH1, Other than 10 10 X1 X0
SCIFOEO
P27DDR 0 1 X 0 1 X
Pin function |P27 input pin| P27 output | DTR output |P27 input pin| P27 output | DTR output
pin pin pin pin

[Legend] X: Don't care.

e P26/DSR, P25/RI, P24/DCD

The pin function is switched as shown below according to the P2nDDR bit.

P2nDDR

0

1

Pin function

P2n input pin

DSR/RI/DCD input pin

P2n output pin

[Legend]n =610 4

e P23 to P20

The pin function is switched as shown below according to the P2nDDR bit.

P2nDDR

0

1

Pin function

P2n input pin

P2n output pin

[Legend]n=31t0 0
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(5) Port 2 Input Pull-Up MOS

Port 2 has built-in input pull-up MOSs that can be controlled by software. The input pull-up MOS
can be used regardless of the operating mode. Table 8.3 summarizes the input pull-up MOS states.

Table 8.3 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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8.1

3 Port 3

Port 3 is an 8-bit I/O port. Port 3 pins can also function as the bidirectional data bus and de-
bounced input pins. The pin functions change according to the operating mode. Port 3 has the
following registers.

0))

Port 3 data direction register (P3DDR)

Port 3 data register (P3DR)

Port 3 pull-up MOS control register (P3PCR)
Noise canceler enable register (P3NCE)

Noise canceler mode control register (P3NCMC)
Noise cancel cycle setting register (NCCS)

Port 3 Data Direction Register (P3DDR)

The individual bits of P3ADDR specify input or output for the port 3 pins.

Bit Bit Name Initial Value R/W Description

7 P37DDR 0 W ¢ Normal extended mode (ADMXE = 0)

6 P36DDR 0 w The pins function as bidirectional data bus pins.

5 P35DDR 0 W e Other modes

4 P34DDR 0 w When set to 1, the corresponding pins function as
output port pins; when cleared to 0, function as input

3 P33DDR 0 w port pins.

2 P32DDR 0 w

1 P31DDR 0 w

0 P30DDR 0 w
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(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 e Normal extended mode (ADMXE = 0)

6 P36DR 0 R/W Since the port 3 pins function as bidirectional data

5 P35DR 0 RIW bus plps, the value of this register has no effect on
operation.

4 P34DR 0 R/W If this register is read, the P3DR values are read for

3 P33DR 0 R/W the bits with the corresponding P3DDR bits set to 1.
For the bits with the corresponding P3DDR bits

2 P32DR 0 R/W cleared to 0, 1 is read.

1 P31DR 0 RW o Other modes

0 P30DR 0 R/W

P3DR stores output data for the port 3 pins that are
used as the general output port.

If this register is read, the P3DR values are read for
the bits with the corresponding P3DDR bits set to 1.
For the bits with the corresponding P3DDR bits
cleared to 0, the pin states are read.

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

P3PCR controls the port 3 built-in input pull-up MOSs.

Bit Bit Name Initial Value R/W Description

7 P37PCR 0 R/W e Normal extended mode (ADMXE = 0)

6 P36PCR 0 R/W This register has no effect on operation.

5 P35PCR 0 R/W ¢ Other modes

4 P34PCR 0 R/W When the pins are in the input state, the
corresponding input pull-up MOS is turned on when

3 P33PCR 0 RW 2 P3PCR bitis setto 1.

2 P32PCR 0 R/W

1 P31PCR 0 R/W

0 P30PCR 0 R/W
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(4) Noise Canceler Enable Register (P3NCE)

P3NCE enables or disables the noise canceler circuit at port 3.

Bit Bit Name Initial Value R/W Description
7 P37NCE 0 R/W e Normal extended mode (ADMXE = 0)
6 P36NCE 0 R/W The pins function as bidirectional data bus pins. Set
5 P35NCE 0 R/W this register to 0.
Oth d
4  P34NCE 0 Rw © Cermodes
Enables the noise canceler circuit for the
3 P33NCE 0 R/W corresponding pin and the pin state is fetched into
2 P32NCE 0 R/W P3DR at the sampling cycle set by NCCS.
1 P31NCE 0 R/W The operation changes according to the other
control bits.
0 P30NCE 0 R/W

(5) Noise Canceler Mode Control Register (P3NCM C)

When the noise canceler is enabled, PANCMC controls whether 1 or 0 is expected for the input
signal to port 3 in bit units.

Bit Bit Name Initial Value R/W Description
7 P37NCMC 1 R/W e Normal extended mode (ADMXE = 0)
6 P36NCMC 1 R/W This register has no effect on operation.
5 P35NCMC 1 R/W ¢ Other modes
4 P34NCMC 1 R/W 1 expected: 1 is stored in the port data register
while 1 is input stably.
3 P33NCMC 1 R/W . . .
0 expected: 0 is stored in the port data register
2 P32NCMC 1 R/W while 0 is input stably.
1 P31INCMC 1 R/W
0 P30ONCMC 1 R/W
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(6) Noise Canceler Cycle Setting Register (NCCYS)

NCCS controls the sampling cycle of the noise cancelers.

Bit Bit Name Initial Value R/W Description
7t03 — Undefined R/W Reserved
Undefined value is read from these bits.
2 NCCK2 R/W These bits set the sampling cycle of the noise cancelers.
1 NCCK1 R/W e When ¢ =34 MHz
0 NCCKO R/W 000: 0.06 us /2 100: 963.8 us /32768
001: 0.94 us  ¢/32 101:1.9ms  ¢/65536

010: 15.1 us  ¢/512 110:3.9ms  ¢/131072
011:240.9 ps $/8192 111: 7.7 ms  $/262144

At

012, 0/32, §/512, ¢/8192,

/32768, /65536,
/131072, 0/262144

I:":I Sampling clock selection

Y

Pin input——| Latch

Latch

Latch -
Match
detection

circuit Port data
register

At

Sampling clock

-

L L]

Figure8.1 Noise Canceler Circuit
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P3n input

1 expected
P3nDR

0 expected
P3nDR

(n=7100)

Figure8.2 Noise Canceler Operation
(7) Pin Functions
(a) Normal Extended Mode
Port 3 pins are automatically set to function as bidirectional data bus pins.
(b) Address-Data Multiplex Extended M ode
The operation is the same as that in single-chip mode.
(¢) Single-Chip Mode

The pin function is switched as shown below according to the combination of the P3nDDR bit and
the P3nNCE bit.

P3nDDR 0 1
P3nNCE 0 1 X
Pin function P3n input pin ExDBn input P3n output pin

[Legend] n =7 to 0, X: Don't care.
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(8) Port 3 Input Pull-Up MOS

Port 3 has built-in input pull-up MOSs that can be controlled by software. The input pull-up MOS
can be used in single-chip mode and address-data multiplex extended mode. Table 8.4 summarizes

the input pull-up MOS states.

Table8.4 Port 3 Input Pull-Up MOS States

Hardware Software Standby In Other
Mode Reset Standby Mode  Mode Operations
Normal extended mode Off Off Off Off
(EXPE =1, ADMXE = 0)
Single-chip mode (EXPE = 0) Off Off On/Off On/Off

Address-data multiplex
extended mode (EXPE =1,
ADMXE = 1)

[Legend]
Off: Always off.
On/Off: On when input state and P3PCR = 1; otherwise off.
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8.1

4 Port 4

Port 4 is an 8-bit I/O port. Port 4 pins can also function as the external interrupt input, de-bounced
input, bidirectional data bus, address bus, and address-data multiplex bus pins. Port 4 has the
following registers.

0))

Port 4 data direction register (P4DDR)

Port 4 data register (P4ADR)

Port 4 pull-up MOS control register (P4PCR)
Noise canceler enable register (P4ABNCE)

Noise canceler mode control register (PABNCMC)
Noise cancel cycle setting register (NCCS)

Port 4 Data Direction Register (PADDR)

The individual bits of PADDR specify input or output for the port 4 pins. PADDR is initialized
only by a system reset, and retains the value even if an internal reset signal of the WDT is

generated.

Bit Bit Name Initial Value R/W Description

7 P47DDR 0 W e Normal extended mode (ADMXE = 0)

6 P46DDR 0 w When set to 1, the corresponding pins function as

5 P45DDR 0 W gddress out.put pins; when cleared to 0, function as
input port pins.

4 P44DDR 0 w

The address output pins used are in accord with the
settings of the IOSE and CS256E bits of SYSCR.

e Address-data multiplex extended mode (ADMXE =
1)
These bits correspond to the AD15 to AD12 pins of
the address-data multiplex bus.

e Single-chip mode

When set to 1, the corresponding pins function as
output port pins; when cleared to 0, function as input
port pins.
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Bit Bit Name Initial Value R/W Description

3 P43DDR 0 W e Normal extended mode (16-bit bus)

2 P42DDR 0 w These bits have no effect on operation.

1 P41DDR 0 W e Other modes

0 P40DDR 0 w If port 4 pins are specified for use as the general /O

port, the corresponding pins function as output port
when the P4DDR bits are set to 1, and as input port
when cleared to 0.

(2) Port 4 Data Register (P4DR)

P4DR stores output data for the port 4 pins. PADR is initialized only by a system reset, and retains
the value even if an internal reset signal of the WDT is generated.

Bit Bit Name Initial Value R/W Description
7 P47DR 0 R/W These bits store output data for the port 4 pins that are
6 P46DR 0 R/W used as the general output port.
If this register is read, the P4DR values are read for the
5 P4SDR 0 R/W bits with the corresponding P4DDR bits set to 1. For the
4 P44DR 0 R/W bits with the corresponding P4DDR bits cleared to 0,
the pin states are read.
3 P43DR 0 R/W e Normal extended mode (16-bit data bus)
2 P42DR 0 R/W Since the corresponding pins function as
bidirectional data bus pins, the value in these bits
P41DR 0 RW has no effect on operation.
0 P40DR 0 R/W If this register is read, the P4DR values are read for

the bits with the corresponding P4DDR bits set to 1.
For the bits with the corresponding P4DDR bits
cleared to 0, 1 is read.

Other modes
These bits store output data for the port 4 pins that
are used as the general output port.

If this register is read, the P4DR values are read for
the bits with the corresponding P4DDR bits set to 1.
For the bits with the corresponding P4ADDR bits
cleared to 0, the pin states are read.
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(3) Port 4 Pull-Up MOS Control Register (P4PCR)

P4PCR controls the port 4 built-in input pull-up MOSs.

Bit Bit Name Initial Value R/W Description

7 P47PCR 0 R/W e Normal extended mode (ADMXE = 0)

6 P46PCR 0 R/W This register has no effect on operation.

5 P45PCR 0 R/wW ¢ Other modes

4 P44PCR 0 R/W When the pins are in the input state, the
corresponding input pull-up MOS is turned on when

3 P43PCR 0 RW " a P4PCR bit is set to 1.

2 P42PCR 0 R/W

1 P41PCR 0 R/W

0 P40PCR 0 R/W

(4) Noise Canceler Enable Register (PABNCE)
The individual bits of PABNCE enable or disable the noise canceler circuits for ports 4 and B.

Bit Bit Name Initial Value R/W Description

7 P47NCE 0 R/W Enables the noise canceler circuit for the corresponding
6 P46NCE 0 R/W pin and the pin state is fetched into P4DR at the
sampling cycle set by NCCS.

5 P4SNCE 0 R/W The operation changes according to the other control
4 P44NCE 0 R/W bpits.
3to0 PB3NCEto AllO R/W Bits for port B setting

PBONCE
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(5) Noise Canceler Mode Control Register (PABNCMC)

PABNCMC controls whether 1 or 0 is expected for the input signal to port 4 in bit units.

Bit Bit Name Initial Value R/W Description
7 P47NCMC 1 R/W Expected value setting
6 P46NCMC 1 R/W 1 expected: 1 is stored in the port data register while 1
5 P45NCMC 1 R/W Is input stably
2 PAANCMC 1 RIW 0 expected: O is stored in the port data register while 0
is input stably
3to 0 PB3NCMC All1 R/W Bits for port B setting
to
PBONCMC

(6) Noise Canceler Cycle Setting Register (NCCYS)

NCCS controls the sampling cycle of the noise cancelers.

Bit Bit Name Initial Value R/W Description
7t03 — Undefined R/W Reserved
Undefined value is read from these bits.
2 NCCK2 0 R/W  These bits set the sampling cycle of the noise
1 NCCK1 0 R/W cancelers.
0  NCCKO 0 rw © When¢=234MHz

000: 0.06 us  ¢/2 100: 963.8 us (/32768
001: 0.94 us  ¢/32 101:1.9ms /65536
010: 15.1 us  ¢/512 110:3.9ms  #/131072
011:240.9 us ¢/8192  111:7.7ms  ¢/262144
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]

At

 0/2, /32, 0/512, ¢/8192,

$/32768, $/65536,
/131072, ¢/262144
Sampling clock selection

Pin input—| Latch

Latch

Latch

Match
detection

Sampling clock

L LT

circuit |—m

Port data
register

Figure8.3 Noise Canceler Circuit

P4n input

1 expected
P4nDR

0 expected
P4nDR

(n=7to04)

I

Figure8.4 Noise Canceler Operation
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(7) Pin Functions
The relationship between the register settings and the pin function is shown below.

(a) Normal Extended Mode

e P47to P44

The pin function is switched as shown below according to the combination of the CS256E and
IOSE bits in SYSCR, the ADFULLE bit in BCR2 of the BSC, and the P4AnDDR bit. Address 13 in
the table below is expressed by the following logical expression.

Address 13 = 1: ADFULLE e CS256E e IOSE

P4nDDR 0 1
Address 13 X 0 1
Pin P4n input pin Am output pin P4n output pin
function
[Legendim=15t012,n=7t0 4
X: Don't care.
e P43 to P40

Port pins 43 to 40 function as bidirectional data bus pins in 16-bit bus extension, and can be used
as general I/O port in 8-bit bus extension.

(b) Address-Data Multiplex Extended M ode

Port pins 47 to 44 are automatically set to function as address bus pins. Port pins 43 to 40 can be
used as general 1/O port pins.
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(¢) Single-Chip Mode
The relationship between register setting values and pin functions are as follows.

e P47to P44

The pin function is switched as shown below according to the PAnDDR bit and the PAnNCE bit.
When the ISSn bit in ISSR is cleared to 0 and the IRQnE bit in IER of the interrupt controller is
set to 1, the pin can be used as the IRQn input pin. To use as the IRQn input pin, clear the
P4nDDR bit to 0.

P4nDDR 0 1
P4nNCE 0 1 X
Pin function P4n input DBn input P4n output
IRQn input IRQn input
(with the noise canceler)

[Legend]n =710 4
X: Don't care.

The pin function is switched as shown below according to the PAnDDR bit. When the ISSn bit in
ISSR is cleared to 0 and the IRQnE bit in IER of the interrupt controller is set to 1, the pin can be
used as the IRQn input pin. To use as the IRQn input pin, clear the PAnDDR bit to 0.

e P43 to P40
P4nDDR 0 1
Pin function P4n input pin P4n output pin

IRQn input pin

[Legend]n=3t0 0
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(8) Port 4 Input Pull-Up MOS

Port 4 has built-in input pull-up MOSs that can be controlled by software. The input pull-up MOS
can be used in single-chip mode and address-data multiplex extended mode. Table 8.5 summarizes

the input pull-up MOS states.

Table8.5 Port 4 Input Pull-Up MOS States

Hardware Software Standby In Other
Mode Reset Standby Mode  Mode Operations
Normal extended mode Off Off Off Off
(EXPE =1, ADMXE = 0)
Single-chip mode (EXPE = 0) Off Off On/Off On/Off

Address-data multiplex
extended mode (EXPE =1,
ADMXE = 1)

[Legend]
Off: Always off.
On/Off: On when input state and P4PCR = 1; otherwise off.
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8.15 Port 5

Port 5 is an 8-bit I/O port. Port 5 pins can also function as the SCIF, SCI_1, and SSU input/output,
bus control output, system clock output, external subclock input, and interrupt input pins. Port 5
has the following registers.

e Port 5 data direction register (PSDDR)
e Port 5 data register (PSDR)

(1) Port 5Data Direction Register (P5DDR)
The individual bits of PSDDR specify input or output for the port 5 pins.

Bit Bit Name Initial Value R/W Description

7 P57DDR 0 w If port 5 pins are specified for use as the general I/O
port, the corresponding pins function as output port
when the P5DDR bits are set to 1, and as input port
when cleared to 0.

6 P56DDR 0 W The corresponding port 5 pin functions as the system
clock output pin (¢) when this bit is set to 1, and as
the general 1/O port when cleared to 0.

5 P55DDR 0 w If port 5 pins are specified for use as the general I/O
port, the corresponding pins function as output port

4 PS4DDR 0 w when the P5DDR bits are set to 1, and as input port

3 P53DDR 0 W when cleared to 0.

2 P52DDR 0 w

1 P51DDR 0 w

0 P50DDR 0 w
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(2) Port 5 Data Register (P5DR)

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 Undefined* R used as the general output port.

If this register is read, the P5DR values are read for
5 PSSDR 0 R/W the bits with the corresponding P5DDR bits set to 1.
4 P54DR 0 R/W  For the bits with the corresponding PSDDR bits
3 P53DR 0 R/w Cleared to O, the pin states are read.
2 P52DR 0 R/W
1 P51DR 0 R/W
0 P50DR 0 R/W

Note: * The initial value is determined in accordance with the pin state of P56.

(3) Pin Functions

(a) Normal Extended Mode and Address-Data Multiplex Extended M ode

Port pin 57 is automatically set to function as a bus control output pin. The functions of port pins
56 to 50 are the same as those in single-chip mode.

(b) Single-Chip Mode

Port 5 pins can operate as the SCIF, SCI_1, and SSU input/output, noise canceler input, or general
I/0O port pins. The relationship between register setting values and pin functions are as follows.

e P57
The pin function is switched as shown below according to the PS7DDR bit.

P57DDR 0 1

Pin function P57 input pin P57 output pin
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e P56/EXCL/¢

The pin function is switched as shown below according to the combination of the EXCLE bit

in LPWRCR and the PS6DDR bit.

P56DDR 0 1
EXCLE 0 1 X
Pin function P56 input pin EXCL input pin ¢ output pin

[Legend] X: Don't care.

e P55/IRQ13/SSI

The pin function is switched as shown below according to the RE bit in SSER of the SSU and
the PS5DDR bit. When the ISS13 bit in ISSR16 is cleared to 0 and the IRQ13E bit in IER16 of
the interrupt controller is set to 1, this pin can be used as the IRQ13 input pin. To use as the
IRQ13 input pin, clear the PSSDDR bit to O.

RE 0 1

P55DDR 0 1 X

Pin function P55 input pin P55 output pin SSl input pin
IRQ13 input pin

[Legend] X: Don't care.

e P54/IRQI12/SSO

The pin function is switched as shown below according to the TE bit in SSER of the SSU and
the P5S4DDR bit. When the ISS12 bit in ISSR16 is cleared to 0 and the IRQ12E bit in IER16 of
the interrupt controller is set to 1, this pin can be used as the IRQ12 input pin. To use as the

IRQ12 input pin, clear the PS4DDR bit to 0.

TE 0 1

P54DDR 0 1 X

Pin function P54 input pin P54 output pin SSO output pin
TRQ12 input pin

[Legend] X: Don't care.
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e P53/IRQ11/RxD1
The pin function is switched as shown below according to the combination of the RE bit in
SCR of SCI_1 and the PS3DDR bit.

When the ISS11 bit in ISSR16 is cleared to 0 and the IRQ11E bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ11 input pin. To use as the IRQ11 input
pin, clear the P53DDR bit to 0.

RE 0 1
P53DDR 0 1 X
Pin function P53 input pin P53 output pin RxD1 input pin
TRQ11 input pin

[Legend] X: Don't care.

e P52/IRQ10/TxD1
The pin function is switched as shown below according to the combination of the TE bit in
SCR of SCI_1 and the P52DDR bit.

When the ISS10 bit in ISSR16 is cleared to 0 and the IRQ10E bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ10 input pin. To use as the IRQ10 input
pin, clear the P52DDR bit to 0.

TE 0 1

P52DDR 0 1 X

Pin function P52 input pin P52 output pin TxD1 output pin
TRQ10 input pin

[Legend] X: Don't care.
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e P51/IRQ9/RxDF
The pin function is switched as shown below according to the combination of the
enable/disable setting of the SCIF and the PS1DDR bit.

When the ISS9 bit in ISSR16 is cleared to 0 and the IRQ9E bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ9 input pin. To use as the IRQ9 input pin,
clear the PS1DDR bit to 0.

SCIF Disabled Enabled

P51DDR 0 1 X

Pin function P51 input pin P51 output pin RxDF input pin
TRQ9 input pin

[Legend] X: Don't care.

e P50/IRQ8/TxDF
The pin function is switched as shown below according to the combination of the
enable/disable setting of the SCIF and the PSODDR bit.

When the ISS8 bit in ISSR16 is cleared to 0 and the IRQSE bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ8 input pin. To use as the IRQS input pin,
clear the PSODDR bit to 0.

SCIF Disabled Enabled

P50DDR 0 1 X

Pin function P50 input pin P50 output pin TxDF output pin
IRQ8 input pin

[Legend] X: Don't care.
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8.1.6 Port 6

Port 6 is an 8-bit I/O port. Port 6 pins can also function as the bidirectional data bus, PWMX
output, SCIF and SSU control input/output, and interrupt input pins. The pin functions change
according to the operating mode. In addition, port 6 pins can also be used as the extended data bus
pins (DO to DO). Port 6 has the following registers.

e Port 6 data direction register (P6DDR)
e Port 6 data register (P6DR)
e Port 6 pull-up MOS control register (P6PCR)

(1) Port 6 Data Direction Register (P6DDR)

The individual bits of PODDR specify input or output for the pins of port 6.

Bit Bit Name Initial Value R/W Description

7 P67DDR 0 w If port 6 pins are specified for use as the general I/O
& PooDdA 0 TR A
5 P65DDR 0 W when cleared to 0.

4 P64DDR 0 w

3 P63DDR 0 w ¢ Normal extended mode (16-bit bus)

2 P62DDR 0 w These bits have no effect on operation.

1 P61DDR 0 w e Other modes

0 P60DDR 0 W If port 6 pins are specified for use as the general

I/0 port, the corresponding pins function as output
port when the P6DDR bits are set to 1, and as
input port when cleared to 0.
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(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  These bits store output data for the port 6 pins that
6 P66DR 0 RW are used as the general output port.
If this register is read, the P6DR values are read for
5 P6SDR 0 R/W the bits with the corresponding P6DDR bits set to 1.
4 P64DR 0 R/W  For the bits with the corresponding PBDDR bits
cleared to 0, the pin states are read.
3 P63DR 0 R/W ¢ Normal extended mode (16-bit data bus)
P62DR 0 R/W Since the corresponding pins function as
bidirectional data bus pins, the value in these bits
! P61DR 0 RW has no effect on operation.
0 P60DR 0 R/W If this register is read, the P6DR values are read

for the bits with the corresponding P6DDR bits set
to 1. For the bits with the corresponding P6DDR
bits cleared to 0, 1 is read.

e Other modes
These bits store output data for the port 6 pins
that are used as the general output port.

If this register is read, the P6DR values are read
for the bits with the corresponding P6DDR bits set
to 1. For the bits with the corresponding PEDDR
bits cleared to 0, the pin states are read.
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(3) Port 6 Pull-Up MOS Control Register (P6PCR)
P6PCR controls the port 6 built-in input pull-up MOSs.

Bit Bit Name Initial Value  R/W Description

7 P67PCR 0 R/W ¢ Normal extended mode (16-bit bus)

6 P66PCR 0 R/W This register has no effect on operation.

5 P65PCR 0 R/W e Other modes

4 P64PCR 0 R/W When the pins are in the input state, the
corresponding input pull-up MOS is turned on

3 P23PCR 0 R/W when a P6PCR bit is set to 1.

2 P62PCR 0 R/W

1 P61PCR 0 R/W

0 P60OPCR 0 R/W

(4) Pin Functions

(a) Normal Extended Mode

e 16-bit bus mode

Port pins 63 to 60 are automatically set to function as bidirectional data bus pins.
e §-bit bus mode

The operation is the same as that in single-chip mode.

(b) Address-Data Multiplex Extended M ode
The operation is the same as that in single-chip mode.
(¢) Single-Chip Mode

Port 6 pins can operate as the PWMX output, SCIF and SSU control input/output, interrupt input,
or general I/O port pins. The relationship between register setting values and pin functions are as
follows.
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e P67/ExIRQ8/SSCK
The pin function is switched as shown below according to the SCKS bit in SSCRH of the SSU
and the P67DDR bit. When the ISS8 bit in ISSR16 is set to 1, this pin can be used as the
ExIRQS8 input pin. To use as the EXIRQS input pin, clear the P67DDR bit to O.

SCKS 0 1

P67DDR 0 1 X

Pin function P67 input pin P67 output pin SSCK I/O pin
ExIRQ8 input pin

[Legend] X: Don't care.

o P66/EXIRQI/SCS
The pin function is switched as shown below according to the CSS1 and CSSO0 bits in SSCRH
of the SSU and the P66DDR bit. When the ISS9 bit in ISSR16 is set to 1, this pin can be used
as the EXIRQ9 input pin. To use as the EXIRQO input pin, clear the P66DDR bit to 0.

CSS1, CSSO0 00 01 or 1X

P66DDR 0 1 X

Pin function P66 input pin P66 output pin SCS I/0 pin
ExIRQ9 input pin

[Legend] X: Don't care.

e P65/EXIRQIO/RTS
The pin function is switched as shown below according to the combination of the
enable/disable setting of the SCIF and the P65DDR bit.
When the ISS10 bit in ISSR16 is set to 1, this pin can be used as the EXIRQ10 input pin. To
use as the EXIRQ10 input pin, clear the P6SDDR bit to 0.

SCIF Disabled Enabled

P65DDR 0 1 X

Pin function P65 input pin P65 output pin RTS output pin
TRQ10 input pin

[Legend] X: Don't care.
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e P64/ExIRQ11/CTS

The pin function is switched as shown below according to the combination of the
enable/disable setting of the SCIF and the P64DDR bit.
When the ISS10 bit in ISSR16 is set to 1, this pin can be used as the ExXIRQ11 input pin. To
use as the ExXIRQ11 input pin, clear the P64DDR bit to 0.

SCIF Disabled Enabled

P64DDR 0 1 X

Pin function P64 input pin P64 output pin CTS input pin
IRQ11 input pin

[Legend] X: Don't care.

e P63/PWX3

The pin function is switched as shown below according to the combination of the OEB bit in
DACR and the PWMXS bit in PTCNTO of PWMX 1 and the P63DDR bit.

P63DDR 0 1

PWMXS 1 0 1 0

OEB X 0 X 1

Pin function P63 input pin P63 output pin PWX3 output pin

[Legend] X: Don't care.

e P62/PWX2

The pin function is switched as shown below according to the combination of the OEA bit in
DACR and the PWMXS bit in PTCNTO of PWMX 1 and the P62DDR bit.

P62DDR 0 1

PWMXS 1 0 1 0

OEA X 0 X 1

Pin function P62 input pin P62 output pin PWX2 output pin

[Legend] X: Don't care
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e P61/IRQI5/PWX1
The pin function is switched as shown below according to the combination of the OEB bit in
DACR and the PWMXS bit in PTCNTO of PWMX_0 and the P61DDR bit. To use this pin as
the IRQ15 input pin, clear the P61DDR bit to 0.

P61DDR 0 1 X

PWMXS 0 1 0 1 0

OEB 0 X 0 X 1

Pin function P61 input pin P61 output pin PWX1 output pin
IRQ15 input pin

[Legend] X: Don't care.

e P60/IRQ14/PWX1
The pin function is switched as shown below according to the combination of the OEA bit in
DACR and the PWMXS bit in PTCNTO of PWMX_0 and the P6ODDR bit. To use this pin as
the IRQ14 input pin, clear the P6ODDR bit to 0.

P60DDR 0 1 X

PWMXS 0 1 0 1 0

OEA 0 X 0 X 1

Pin function P60 input pin P60 output pin PWXO0 output pin
TRQ14 input pin

[Legend] X: Don't care.

(5) Port 6 Input Pull-Up MOS

Port 6 has built-in input pull-up MOSs that can be controlled by software. Table 8.6 summarizes
the input pull-up MOS states.

Table8.6 Port 6 Input Pull-Up MOS States

Reset Hardware Standby Mode Software Standby Mode  In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off: On when input state, P6DDR = 0, and P6PCR = 1; otherwise off.
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8.1.7 Port 7

Port 7 is an 8-bit input port. Port 7 pins can also function as the A/D converter analog input pins.
Port 7 has the following register.

e Port 7 input data register (P7PIN)
(1) Port 7 Input Data Register (P7PIN)

P7PIN indicates the states of the port 7 pins.

Bit Bit Name Initial Value R/W Description

7 P77PIN Undefined* R When this register is read, the pin states are read.

6 P76PIN Undefined* R Since this register is allocated to the same address as
s PTSPN_Undeinedt R [CLOR AN o e g e dta o PEDOR
4 P74PIN Undefined* R

3 P73PIN Undefined* R

2 P72PIN Undefined* R

1 P71PIN Undefined* R

0 P70PIN Undefined* R

Note: * The initial values are determined in accordance with the pin states of P77 to P70.

(2) Pin Functions
Each pin of port 7 can also be used as the analog input pins of the A/D converter (ANO to AN7).

e P77/AN7

The pin function is switched as shown below according to the CH2 to CHO bits in ADCSR of
the A/D converter. Do not set these bits to other values than those shown in the following
table.

CH2 to CHO B'111 Other than B'111
Pin function AN7 input pin P77 input pin
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e P76/AN6

The pin function is switched as shown below according to the combination of the SCANE bit
in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set these bits to
other values than those shown in the following table.

SCANE 0

CH2 to CHO B'110 Other than B'110 | B'110to B'111 B'000 to B'101
Pin function ANG input pin P76 input pin ANG input pin P76 input pin
e P75/ANS

The pin function is switched as shown below according to the combination of the SCANE bit
in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set these bits to
other values than those shown in the following table.

SCANE 0

CH2 to CHO B'101 Other than B'101 | B'101 to B'111 B'000 to B'100
Pin function ANS5 input pin P75 input pin ANS5 input pin P75 input pin
e P74/AN4

The pin function is switched as shown below according to the combination of the SCANE bit
in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set these bits to
other values than those shown in the following table.

SCANE 0

CH2 to CHO B'100 Other than B'100 | B'100 to B'111 B'000 to B'011
Pin function AN4 input pin P74 input pin AN4 input pin P74 input pin
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P73/AN3

The pin function is switched as shown below according to the combination of the SCANE and
SCANE bits in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set
these bits to other values than those shown in the following table.

SCANE 0 1

SCANS X 0 1

CH2 to CHO B'011 Other than B'011 Other than |B'011 to B'111|B'000 to B'010
B'011 B'011

Pin function ANS3 input pin | P73 input pin | AN3 input pin | P73 input pin | AN3 input pin | P73 input pin

[Legend] X: Don't care.

P72/AN2

The pin function is switched as shown below according to the combination of the SCANE and
SCANE bits in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set
these bits to other values than those shown in the following table.

SCANE 0 1

SCANS X 0 1

CH2 to CHO B'010 Other than [B'010to B'011| Otherthan |B'010to B'111 B'000 to
B'010 B'010 to B'011 B'001

Pin function AN2 input pin| P72 input pin | AN2 input pin | P72 input pin | AN2 input pin | P72 input pin

[Legend] X: Don't care.

P71/AN1

The pin function is switched as shown below according to the combination of the SCANE and
SCANS bits in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set
these bits to other values than those shown in the following table.

SCANE 0 1
SCANS X 0 1
CH2 to CHO B'001 Other than B'001 to Other than B'001 to B'000
B'001 B'011 B'001 to B'111
B'011
Pin function AN input pin | P71 input pin | AN1 input pin | P71 input pin | AN1 input pin | P71 input pin

[Legend] X: Don't care.
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e P70/ANO

The pin function is switched as shown below according to the combination of the SCANE and
SCANS bits in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set

these bits to other values than those shown in the following table.

SCANE 0 1

SCANS 0 1

CH2 to CHO B'000 Other than B'000 to Other than B'000 to B'000 to B'111
B'000 B'011 B'011

Pin function ANO input pin | P70 input pin | ANO input pin P70 input pin ANO input pin

[Legend] X: Don't care.
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8.1.8 Port 8

Port 8 is an 8-bit I/O port. Port § pins can also function as the A/D converter external trigger input,
SCI_1 and SCI_3 input/output, IIC_0 and IIC_1 input/output, and interrupt input pins. Pins 83 to
80 perform the NMOS push-pull output. Port 8 has the following registers.

e Port 8§ data direction register (PSDDR)
e Port 8 data register (P8DR)

(1) Port 8 Data Direction Register (P8DDR)

The individual bits of PSDDR specify input or output for the port 8 pins.

Bit Bit Name Initial Value R/W Description

7 P87DDR 0 w If port 8 pins are specified for use as the general I/O

6 P86DDR 0 W port, the corresponding pins function as output port
when the P8DDR bits are set to 1, and as input port

5 P85DDR 0 W when cleared to 0.

4 P84DDR 0 w Since this register is allocated to the same address as

3 PS3DDR 0 W PBPIN, states of the port 8 pins are when this register
is read.

2 P82DDR 0 w

1 P81DDR 0 w

0 P8ODDR 0 w
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(2) Port 8 Data Register (P8DR)

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 R/W used as the general output port.

If this register is read, the P8DR values are read for
5 P8SDR 0 R/W the bits with the corresponding P8DDR bits set to 1.
4 P84DR 0 R/W  For the bits with the corresponding PBDDR bits
3 P83DR 0 R/w Cleared to 0, the pin states are read.
2 P82DR 0 R/W
1 P81DR 0 R/W
0 P8ODR 0 R/W

(3) Pin Functions
The relationship between register setting values and pin functions are as follows.

e P87/ExIRQI5/TxD3/ADTRG
The pin function is switched as shown below according to the combination of the TE bit in
SCR of SCI_3, the SMIF bit in SCMR, and the PS7DDR bit.
When the TRGS1 and EXTRGS bits are both set to 1 and the TRGSO bit is cleared to 0 in
ADCR of the A/D converter, this pin can be used as the ADTRG input pin.
When the ISS15 bit in ISSR16 is set to 1, this pin can be used as the EXIRQ15 input pin. To
use this pin as the ExXIRQ1S5 input pin, clear the PS7DDR bit to 0.

P87DDR 0 1
SMIF 0 1 0 1 0
TE 0 X 0 X
Pin function P87 input pin P87 output pin TxD3 output pin
ExIRQ15 input pin/
ADTRG input pin

[Legend] X: Don't care.
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e P86/ExIRQ14/RxD3

The pin function is switched as shown below according to the combination of the RE bit in
SCR of SCI_3, the SMIF bit in SCMR, and the P86DDR bit.

When the ISS14 bit in ISSR16 is set to 1, this pin can be used as the ExXIRQ14 input pin. To
use this pin as the ExXIRQ14 input pin, clear the PS6DDR bit to 0.

P86DDR 0 1

SMIF 1 0

RE 0 1 0

Pin function P86 input pin RxD3 input pin | RxD3 input/output pin P86 output pin
ExIRQ14 input pin

e P85/ExIRQ13/SCK1

The pin function is switched as shown below according to the combination of the C/A bit in
SMR of SCI_1, the CKE1 and CKEQO bits in SCR, and the PSSDDR bit.

When the ISS13 bit in ISSR16 is set to 1, this pin can be used as the ExXIRQ13 input pin. To
use this pin as the ExXIRQ13 input pin, clear the PSSDDR bit to 0.

CKEH1

0 1
C/A 0 1 X
CKEO 1 X X
P85DDR 0 1 X X X
Pin function P85 input pin P85 output | SCK1 output | SCK1 output | SCK1 input
ExIRQ13 input pin pin pin pin pin
[Legend] X: Don't care.
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o P84/ExIRQ12/SCK3

The pin function is switched as shown below according to the combination of the C/A bit in
SMR of SCI_3, the CKE1 and CKEO bits in SCR, and the P84DDR bit.

When the ISS12 bit in ISSR16 is set to 1, this pin can be used as the EXIRQ12 input pin. To
use this pin as the ExXIRQ12 input pin, clear the PS4DDR bit to 0.

CKEA1 0 1

C/A 0 1 X

CKEO 0 1 X X

P84DDR 0 1 X X X

Pin function P84 input pin P84 output SCKS output SCKS output SCKS input
ExIRQ12 input pin pin pin pin pin

[Legend] X: Don't care.

e P83/SDAI1

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of IIC_1 and the PS§3DDR 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, which allows direct bus drive.

ICE 0 1
P83DDR 0 1 X
Pin function P83 input pin P83 output pin SDAT1 input/output pin

[Legend] X: Don't care.
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P82/SCL1

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of IIC_1 and the P82DDR bit.

When this pin is used as the P82 output pin, the output format is NMOS push-pull output. The
output format for SCL1 is NMOS open-drain output, which allows direct bus drive.

ICE 0 1
P82DDR 0 1 X
Pin function P82 input pin P82 output pin SCL1 input/output pin

[Legend] X: Don't care.

e P8I/SDAO

The pin function is switched as shown below according to the combination of the ICE bit in

ICCR of IIC_0 and the P81DDR 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, which allows direct bus drive.

ICE 0 1
P81DDR 0 1 X
Pin function P81 input pin P81 output pin SDAQO input/output pin

[Legend] X: Don't care.

e P80/SCLO

The pin function is switched as shown below according to the combination of the ICE bit in

ICCR of IIC_0 and the PSODDR bit.

When this pin is used as the P80 output pin, the output format is NMOS push-pull output. The
output format for SCLO is NMOS open-drain output, which allows direct bus drive.

ICE 0 1
P80DDR 0 1 X
Pin function P80 input pin P80 output pin SCLO input/output pin
[Legend] X: Don't care.
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8.1.9 Port 9

Port 9 is an 8-bit I/O port. Port 9 pins can function as the bus control input/output pins. The pin
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)

(1) Port 9 Data Direction Register (P9DDR)

The individual bits of PODDR specify input or output for the port 9 pins.

Bit Bit Name Initial Value R/W Description

7 P97DDR 0 w If port 9 pins are specified for use as the general I/O
s posbon 0 o e coesenang o fnclr s sut st
5 P95DDR 0 W when cleared to 0.

4 P94DDR 0 W

3 P93DDR 0 W

2 P92DDR 0 W

1 P91DDR 0 W

0 P90DDR 0 W
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(2) Port 9 Data Register (P9DR)

PI9DR 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 port.

s_PooR o e e oo s e
4 P94DR 0 R/W  For the bits with the corresponding PO9DDR bits

3 P93DR 0 RIW cleared to 0, the pin states are read.

2 P92DR 0 R/W

1 P91DR 0 R/W

0 P90ODR 0 R/W

(3) Pin Functions

The relationship between register setting values and pin functions are as follows.

e PY97/WAIT/CS256

The pin function is switched as shown below according to the operating mode and the
combination of the CS256E bit in SYSCR, the WMSI bit in WSCR and the P97DDR bit.

Operating Extended mode Single-chip mode
mode
WMSH1 0 1 X
CS256E 1 X X
P97DDR 0 1 X X 0 1
Pin function |P97 input pin| P97 output | CS256 output | WAIT input |P97 input pin| P97 output
pin pin pin pin
[Legend] X: Don't care.
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e P96

The pin function is switched as shown below according to the PO96DDR bit.
P96DDR 0 1
Pin function P96 input pin P96 output pin

e P95/AS/IOS

The pin function is switched as shown below according to the operating mode and the
combination of the IOSE bit in SYSCR and the P95DDR bit.

Operating Extended mode Single-chip mode

mode

P95DDR X 0 ]

IOSE 0 1 X X

Pin function AS output pin 10S output pin P95 input pin P95 output pin

[Legend] X: Don't care.

e P94/ExPWXI1

The pin function is switched as shown below according to the combination of the OEB bit in
DACR and the PWMXS bit in PTCNTO of the PWMX_0 module and the P94DDR bit.

P94DDR 0 1 X
PWMXS 0 1 0 1 1
OEB X 0 0 1
Pin function P94 input pin P94 output pin ExPWX1 output pin

[Legend] X: Don't care.

e P93/ExPWXO0

The pin function is switched as shown below according to the combination of the OEA bit in
DACR and the PWMXS bit in PTCNTO of the PWMX_0 module and the P93DDR bit.

P93DDR

0

1

X

PWMXS

1

OEA

0

0

1

Pin function

P93 input pin

P93 output pin

ExPWXO output pin

[Legend] X: Don't care.
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e P92/HBE

The pin function is switched as shown below according to the operating mode, the OBE bit in
PTCNTO, and the P92DDR bit.

Operating Extended mode Single-chip mode

mode

OBE 0 1 X

P92DDR 0 1 X 0 1

Pin function P92 input pin | P92 output pin | HBE output pin | P92 input pin | P92 output pin

[Legend] X: Don't care.

e P9I/AH

The pin function is switched as shown below according to the operating mode, the ADMXE
bit in SYSCR2, and the P91DDR bit.

Operating Extended mode Single-chip mode

mode

ADMXE 0 1 X

P91DDR 0 1 X 0 1

Pin function P91 input pin | P91 output pin | AH output pin | P91 input pin | P91 output pin

[Legend] X: Don't care.

e P90/LBE

The pin function is switched as shown below according to the operating mode, the OBE bit in
PTCNTO, and the PO9ODDR bit.

Operating Extended mode Single-chip mode

mode

OBE 0 1 X

P90DDR 0 1 X 0 1

Pin function P90 input pin | P90 output pin | LBE output pin | P90 input pin | P90 output pin

[Legend] X: Don't care.
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8.1.10 PortA

Port A is an 8-bit I/O port. Port A pins can also function as the address output, event counter input,
EtherC control I/0O, and interrupt input pins. Port A has the following registers. PADDR and
PAPIN are allocated to the same address.

e Port A data direction register (PADDR)
e Port A output data register (PAODR)
e Port A input data register (PAPIN)

(1) Port A Data Direction Register (PADDR)

The individual bits of PADDR specify input or output for the port A pins.

Bit Bit Name Initial Value R/W Description

7 PA7DDR 0 w When set to 1, the corresponding pins function as

6 PAG6DDR 0 w output port pins; when cleared to 0, function as input
port pins.

5 PASDDR 0 w As the address of this register is the same as that of

4 PAADDR O w PAPIN, reading from this register indicates the state

3 PASDDR 0 w  ofportA.

2 PA2DDR 0 w

1 PA1DDR 0 w

0 PAODDR 0 w
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(2) Port A Output Data Register (PAODR)

PAODR stores output data for the port A pins.

Bit Bit Name Initial Value R/W Description

7 PA70DR 0 R/W PAODR stores output data for the port A pins that are
6 PAGODR 0 RIW used as the general output port.

5 PA50DR 0 R/W

4 PA40ODR 0 R/W

3 PABODR 0 R/W

2 PA20DR 0 R/W

1 PA1ODR 0 R/W

0 PAOODR 0 R/W

(3) Port A Input Data Register (PAPIN)

PAPIN indicates the states of the port A pins.

Bit Bit Name Initial Value R/W Description

7 PA7PIN Undefined* R Pin states are read from this register.

6 PAGPIN Undefined* R As the address of this register is the same as that of
5PASPIN Undeimedr R 100, N lo e regser canges e setins
4 PA4PIN Undefined* R

3 PA3PIN Undefined* R

2 PA2PIN Undefined* R

1 PA1PIN Undefined* R

0 PAOPIN Undefined* R

Note: The initial values are determined in accordance with the pin states of PA7 to PAO.
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(4) Pin Functions

The relationship between the operating mode, register setting values, and pin functions are as
follows.

(a) Normal Extended Mode

Port A pins can function as address output, interrupt input, event counter input, EtherC control I/O
or I/O port pins, and input or output can be specified in bit units.

Address 18 and address 13 in the following tables are expressed by the following logical
expressions according to the control bits of the bus controller or other module.

Address 18 = 1: ADFULLE

Address 13 = 1: ADFULLE e CS256E ¢ IOSE

e PAT7/ExIRQ7/EVENT7/A23/EXOUT
The pin function is switched as shown below according to the setting of address 18 and the
PATDDR bit.
Setting the ISS7 bit in ISSR makes the pin to function as the EXIRQ7 input pin.

When using the pin as the EXIRQ7 input or an EVENT input pin, clear the PA7DDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PA7DDR bit to 1 when
using the pin as the PA7 or A23 output pin.

When the module stop mode is cleared in both the EtherC and E-DMAC, this pin functions as
the EXOUT output pin.

PA7DDR 0 1 1

Address 18 X 1 0

Pin function PA7 input pin PA7 output pin A23 output pin
ExIRQ7 input pin/EVENT? input pin

[Legend] X: Don't care.
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e PAG/EXIRQ6/EVENT6/A22/LNKSTA
The pin function is switched as shown below according to the setting of address 18 and the
PAG6DDR bit.
Setting the ISS6 bit in ISSR makes the pin to function as the EXIRQG6 input pin.
When using the pin as the EXIRQG6 input, or an EVENT input pin, clear the PAGDDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PA6DDR bit to 1 when
using the pin as the PA6 or A22 output pin.
When the module stop mode is cleared in both the EtherC and E-DMAC, this pin functions as
the LNKSTA input pin.

PA6DDR 0 1 1

Address 18 1 0

Pin function PABG input pin PA6 output pin A22 output pin
ExIRQ6 input pin/EVENTS input pin

o PAS/EXIRQ5/EVENT5/A21/WOL
The pin function is switched as shown below according to the setting of the address 18, and the
PAS5SDDR bit.
Setting the ISS5 bit in ISSR to 1 makes the pin function as the EXIRQS5 input pin.
When using the pin as the EXIRQ5 input, or an EVENT input pin, clear the PASDDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PASDDR bit to 1 when
using the pin as the A21 or PAS output pin.
When the module stop mode is cleared in both the EtherC, and E-DMAC, this pin functions as
the WOL output pin.

PA5DDR 0 1 1
Address 18 X 1 0
Pin function PA5 input pin PAS5 output pin A21 output pin

ExIRQS5 input pin/
EVENTS5 input pin
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e PA4/ExIRQ4/EVENT4/A20, PA3/EXIRQ3/EVENT3/A19, PA2/EXIRQ2/EVENT2/A18
The pin function is switched as shown below according to the setting of address 18 and the
PAnDDR bit.

Setting the ISSn bit in ISSR makes the pin to function as the EXIRQn input pin.

When using the pin as the EXIRQn input or an EVENT input pin, clear the PAnDDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PAnDDR bit to 1 when
using the pin as the PAn or Am output pin.

PAnNDDR 0 1 1

Address 18 X 1 0

Pin function PAn input pin PAn output pin Am output pin
ExIRQn input pin/EVENTR input pin

[Legend] n=4t02, m=20to 18
X: Don't care

e PAI1/EXIRQI/EVENTI1/A17, PAO/EXIRQO/EVENTO0/A16
The pin function is switched as shown below according to the setting of address 13 and the
PAnDDR bit.
Setting the ISSn bit in ISSR makes the pin to function as the ExXIRQn input pin.

When using the pin as the ExXIRQn input or an EVENT input pin, clear the PAnDDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PAnDDR bit to 1 when
using the pin as the PAn or Am output pin.

PAnDDR 0 1

Address 13 X 1 0

Pin function PAn input pin PAn output pin Am output pin
ExIRQn input pin/EVENTN input pin

[Legend] n=1,0;m=17, 16
X: Don't care
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(b) Single-Chip Mode and Address-Data M ultiplex Extended Mode

Port A pins can also function as interrupt input and event counter input pins.

e PAT7/ExIRQ7/EVENT7/EXOUT
The pin function is switched as shown below according to the PA7TDDR bit.
Setting the ISS7 bit in ISSR makes the pin to function as the EXIRQ7 input pin.
When using this pin as the EXIRQ7 input or EVENT7 input pin, clear the PA7DDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PA7DDR bit to 1 to use
the pin as the PA7 output pin.
When the module stop mode is cleared in both the EtherC and E-DMAC, this pin functions as
the EXOUT output pin.

PA7DDR 0 1
Pin function PA7 input pin PA7 output pin
ExIRQ?7 input pin/EVENT7 input pin

o PAG6/EXIRQ6/EVENT6/LNKSTA
The pin function is switched as shown below according to the PA6DDR bit.
Setting the ISS6 bit in ISSR makes the pin to function as the ExXIRQ6 input pin.

When using this pin as the EXIRQ6 input, EVENT®6 input, input pin, clear the PA6DDR bit to
0. Though the settings for the EVENT input pin have been made, set the PA6DDR bit to 1 to
use the pin as the PA6 output pin.

When the module stop mode is cleared in both the EtherC and E-DMAC, this pin functions as
the LNKSTA input pin.

PA6DDR 0 1
Pin function PAG input pin PAG6 output pin
ExIRQ6 input pin/EVENTS input pin

Rev. 2.00 Aug. 20, 2008 Page 245 of 1198
RENESAS REJ09B0403-0200



Section 8 1/0O Ports

e PAS/EXIRQS5/EVENT5/WOL

The pin function is switched as shown below according to and the PASDDR bit.

Setting the ISS5 bit in ISSR makes the pin to function as the EXIRQS input pin.

When using this pin as the EXIRQS input or EVENTS5 input pin, clear the PASDDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PASDDR bit to 1 to use
the pin as the PAS5 output pin.

When the module stop mode is cleared in both the EtherC, and E-DMAC, this pin functions as
the WOL output pin.

PA5DDR

0

1

Pin function

PAS5 input pin

ExIRQ5 input pin/EVENTS5 input pin

PA5 output pin

o PA4/ExIRQ4/EVENT4, PA3/EXIRQ3/EVENT3, PA2/EXIRQ2/EVENT?2,
PA1/EXIRQ1/EVENT1, PAO/EXIRQO/EVENTO

The pin function is switched as shown below according to the PAnDDR bit.

Setting the ISSn bit in ISSR makes the pin to function as the ExXIRQn input pin.

When using this pin as the EXIRQn input or EVENTn input pin, clear the PAnDDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PAnDDR bit to 1 to use
the pin as the PAn output pin.

PAnNDDR

0

1

Pin function

PAnN input pin

ExIRQn input pin/EVENTR input pin

PAnN output pin

[Legend] n=41t00
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(5) Input Pull-Up MOS

Port A has built-in input pull-up MOSs that can be controlled by software. This input pull-up
MOS can be used in any operating mode, and can be specified as on or off on a bit-by-bit basis.

PAnNDDR 0 1
PAnODR 1 0 X
PAn pull-up MOS ON OFF OFF

[Legend] n=71to00, X: Don't care.

The input pull-up MOS is in the off state after a reset and in hardware standby mode. The prior
state is retained in software standby mode.

Table 8.7 summarizes the input pull-up MOS states.

Table8.7 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 PADDR = 0 and PAODR = 1; otherwise off.
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8111 PortB

Port B is an 8-bit I/O port. Port B pins can also function as the bidirectional data bus, de-bounced
input, and EtherC control I/O pins. The pin functions change according to the operating mode.
Port B has the following registers.

e Port B data direction register (PBDDR)

e Port B output data register (PBODR)

e Port B input data register (PBPIN)

¢ Noise canceler enable register (PABNCE)

¢ Noise canceler mode control register (PABNCMC)
¢ Noise cancel cycle setting register (NCCS)

(1) Port B Data Direction Register (PBDDR)
The individual bits of PBDDR specify input or output for the pins of port B.

Bit Bit Name Initial Value R/W Description

PB7DDR
PB6DDR
PB5DDR

7 W  When set to 1, the corresponding pins function as
6

5

4 PB4DDR

3

2

1

output port pins; when cleared to 0, function as input
port pins.

PB3DDR
PB2DDR
PB1DDR
0 PBODDR

olo|o|o|o|lo|o|o
=N N S I - -
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(2) Port B Output Data Register (PBODR)

PBDR stores output data for the port B pins.

Bit Bit Name Initial Value R/W Description

7 PB7DR 0 R/W PBODR stores output data for the port B pins that are
6 PB6DR 0 RIW used as the general output port.

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

(3) Port B Input Data Register (PBPIN)

PBPIN indicates the states of the port B pins.

Bit Bit Name Initial Value R/W Description

7 PB7PIN Undefined* R When this register is read, the pin states are read.

6 PB6PIN Undefined* R Since this register is allocated to the same address as
S PoPIN Unsenas 000 gIo s gl s dat o PECD"
4 PB4PIN Undefined* R

3 PB3PIN Undefined* R

2 PB2PIN Undefined* R

1 PB1PIN Undefined* R

0 PBOPIN Undefined* R

Note: * The initial values are determined in accordance with the pin states of PB7 to PBO.
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(4) Noise Canceler Enable Register (PABNCE)

P4BNCE enables or disables the noise canceler circuits of port 4 and port B pins in bit units.

Bit Bit Name Initial Value R/W Description
7to4 P47NCEto AlO R/W Bits for port 4 setting
P44NCE
3 PB3NCE 0 R/W Enables the noise canceler circuit for the corresponding
pin and the pin state is fetched into PBDR at the
2 PB2NCE 0 sampling cycle set by NCCS.
! PBINCE 0 RIW The operation changes according to the other control
0 PBONCE 0 R/W bits. See section 8.1.11 (7), Pin Functions, for details.

(5) Noise Canceler Mode Control Register (P4ABNCM C)

PABNCMC controls whether 1 or 0 is expected for the input signal to port 4 and port B in bit

units.
Bit Bit Name Initial Value R/W Description
7t04 P47NCMC Al 1 R/W Bits for port 4 setting
to
P44NCMC
3 PB3NCMC 1 R/W Expected value setting
2 PB2NCMC 1 R/W 1 expected: 1 is stored in the port data register while 1
1 PBINCMC 1 RIW is input stably.
0 PBONCMC 1 R/W 0 expected: 0 is stored in the port data register while 0

is input stably.
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(6) Noise Canceler Cycle Setting Register (NCCYS)

NCCS controls the sampling cycle of the noise cancelers.

Bit Bit Name

Initial Value R/W Description

7t03 —

Undefined R/W Reserved
Undefined value is read from these bits.

2 NCCK2
1 NCCK1
0 NCCKO

R/W These bits set the sampling cycle of the noise

0 R/W cancelers.

0 rRw ¢ When ¢ =34 MHz
000: 0.06 us /2 100: 963.8 us /32768
001: 0.94 us  ¢/32 101: 1.9 ms  ¢$/65536

010: 15.1 us  ¢/512 110: 3.9 ms  ¢/131072
011:240.9 ps $/8192 111: 7.7 ms  §/262144

At

012, 0/32, §/512, ¢/8192,
/32768, /65536,
/131072, 0/262144

I:":I Sampling clock selection

Pin input——| Latch

Y

Latch Latch -

Match
detection

circuit

At

Sampling clock

L L

Port data
register

Figure8.5 Noise Canceler Circuit
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PBn input

1 expected
PBnDR

0 expected
PBnDR

(n=31t00)

Figure 8.6 Noise Canceler Operation
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(7) Pin Functions

e PB7/EVENTI15/RM_RX-ER, PB6/EVENT14/RM_CRS-DV, PB5/EVENT13/RM_REF-CLK
PB4/EVENT12/RM_TX-EN

The pin function is switched as shown below according to the PBnDDR bit. When using this
pin as the EVENT input pin, clear the PBnDDR bit to 0. These pins can be used as EtherC I/O
pins when the EtherC is enabled.

EtherC, Either of them is stopped Both of then are
E-DMAC stopped
PBnDDR 0 1 X

Event Disabled Enabled X X
counter

Pin PBn input pin EVENTm input PBn output pin RM_xxxx
function pin EtherC I/0 pin

[Legend] n=7to4, m=15t0 12, X: Don't care.
Note: * See section 7.3, DTC Event Counter, for the event counter settings.

e PB3/EVENTI11/DB3/RM_RXD1, PB2/EVENT10/DB2/RM_RXDO,
PBI/EVENT9/DB1/RM_TXD1, PBO/EVENTS8/DBO/RM_TXDO

The pin function is switched as shown below according to the combination of the module stop
state in the EtherC, E-DMAC, the PBnDDR bit and the PBnNCE bit.

EtherC, Either of them is stopped Both of then are
E-DMAC stopped
PBnDDR 0 1 X

Event Disabled Enabled X X
counter

PBnNCE 0 1 X X X

Pin PBn input pin EVENTm input PBn output pin RM_xxxx
function pin EtherC I/0 pin

[Legend] n=3to 0, m=11to 8, X: Don't care.
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8112 PortC

Port C is an 8-bit I/O port. Port C pins can also function as the bus control output, and IIC_2,
IIC_3, and IIC_4 input/output pins. The output format of ports CO to C5 is NMOS push-pull
output. Port C has the following registers.

e Port C data direction register (PCDDR)
e Port C output data register (PCODR)
e Port C input data register (PCPIN)

(1) Port C Data Direction Register (PCDDR)

The individual bits of PCDDR specify input or output for the port C pins.

Bit Bit Name Initial Value R/W Description

7 PC7DDR 0 W When set to 1, the corresponding pins function as

6 PC6DDR 0 W output port pins; when cleared to 0, function as input
port pins.

5 PCSDDR 0 w Since this register is allocated to the same address as

4 PC4DDR 0 w PCPIN, states of the port C pins are returned when

3 PC3DDR 0 W this register is read.

2 PC2DDR 0 w

1 PC1DDR 0 w

0 PCODDR 0 w
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(2) Port C Output Data Register (PCODR)

PCODR stores output data for the port C pins.

Bit Bit Name Initial Value R/W Description

7 PC70DR 0 R/W  The PCODR register stores the output data for the
6 PC60ODR 0 R/W pins that are used as the general output port.

5 PC50DR 0 R/W

4 PC40ODR 0 R/W

3 PC30ODR 0 R/W

2 PC20DR 0 R/W

1 PC1ODR 0 R/W

0 PCOODR 0 R/W

(3) Port C Input Data Register (PCPIN)

PCPIN indicates the pin states of port C.

Bit Bit Name Initial Value R/W Description

7 PC7PIN Undefined* R When this register is read, the pin states are read.

6 PC6 PIN Undefined* R Since this register is allocated to the same address as
5 POSPIN Undened R TCODN AN s egstr e it 0 CDDR
4 PC4 PIN Undefined* R

3 PC3 PIN Undefined* R

2 PC2 PIN Undefined* R

1 PC1 PIN Undefined* R

0 PCO PIN Undefined* R

Note: The initial values are determined in accordance with the states of PC7 to PCO pins.
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(4) Pin Functions

(a) Normal Extended Mode and Address-Data Multiplex Extended M ode

Port C pins can also function as the bus control output and IIC_2, IIC_3, and IIC_4 input/output
pins. The relationship between register setting values and pin functions are as follows.

e PC7
The PC7 pin functions as a bus control output pin.
e PC6

When set for 16-bit bus width, the PC7 pin functions as a bus control output pin. When 8-bit
bus width, the pin function is the same as that in single-chip mode.

e PC5 to PCO
The pin functions are the same as those in single-chip mode.

(b) Single-Chip Mode

e PC7,PC6
The pin function is switched as shown below according to the PCnDDR bit.

PCnDDR 0 ”

Pin function PCn input pin PCn output pin

[Legend] n=7,6

e PC5/SDA4

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_4 and the PC5DDR bit.

ICE 0 1
PC5DDR 0 1 X
Pin function PCS5 input pin PC5 output pin SDA4 input/output pin

[Legend] X: Don't care.
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e PC4/SCLA4

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_4 and the PC4DDR bit.

ICE 0 1
PC4DDR 0 1 X
Pin function PC4 input pin PC4 output pin SCL4 input/output pin

[Legend] X: Don't care.

e PC3/SDA3

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_3 and the PC3DDR bit.

ICE 0 1
PC3DDR 0 1 X
Pin function PC3 input pin PC3 output pin SDAS input/output pin

[Legend] X: Don't care.

e PC2/SCL3

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_3 and the PC2DDR bit.

ICE 0 1
PC2DDR 0 1 X
Pin function PC2 input pin PC2 output pin SCL3 input/output pin

[Legend] X: Don't care.

e PC1/SDA2

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_2 and the PC1DDR bit.

ICE 0 1
PC1DDR 0 1 X
Pin function PC1 input pin PC1 output pin SDA2 input/output pin
[Legend] X: Don't care.
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e PC0/SCL2

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_2 and the PCODDR bit.

ICE 0 1
PCODDR 0 1 X
Pin function PCO input pin PCO output pin SCL2 input/output pin

[Legend] X: Don't care.
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8.1.13 PortD

Port D is an 8-bit I/O port. Port D pins can also function as the IIC_5 input/output and LPC
input/output pins. The output format of PD7 and PD6 pins is NMOS push-pull output. Port D has
the following registers.

e Port D data direction register (PDDDR)
e Port D output data register (PDODR)
e Port D input data register (PDPIN)

(1) Port D Data Direction Register (PDDDR)

The individual bits of PDDDR specify input or output for the port D pins.

Bit Bit Name Initial Value R/W Description

7 PD7DDR 0 w If port D pins are specified for use as the general 1/0
PD6DDR W port, the corresponding pins function as output port

6 6 0 when the PDDDR bits are set to 1, and as input port

5 PD5DDR 0 W when cleared to 0.

4 PD4DDR 0 W Since this register is allocated to the same address as

3 PD3DDR 0 W PDPIN, .the st.ates .of the port D pins are returned

when this register is read.

2 PD2DDR 0 W

1 PD1DDR 0 W

0 PDODDR 0 w
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(2) Port D Output Data Register (PDODR)

PDODR stores output data for the port D pins.

Bit Bit Name Initial Value R/W Description

7 PD70DR 0 R/W  The PCODR register stores the output data for the
6 PD6ODR 0 R/W pins that are used as the general output port.

5 PDSODR 0 R/W

4 PD4ODR 0 R/W

3 PD3ODR 0 R/W

2 PD20ODR 0 R/W

1 PD1IODR 0 R/W

0 PDOODR 0 R/W

(3) Port D Input Data Register (PDPIN)

PDPIN indicates the pin states of port D.

Bit Bit Name Initial Value R/W Description

7 PD7PIN Undefined* R When this register is read, the pin states are read.

6 PD6 PIN Undefined* R Since this register is allocated to the same address as
5 PDGPIN_Unseinest R TCLDRA o egitrwies cta o PODOS
4 PD4 PIN Undefined* R

3 PD3 PIN Undefined* R

2 PD2 PIN Undefined* R

1 PD1 PIN Undefined* R

0 PDO PIN Undefined* R

Note: The initial values are determined in accordance with the states of PD7 to PDO pins.
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(4) Pin Functions

Port D pins can also function as the LPC input/output and IIC_5 input/output pins. The
relationship between register setting values and pin functions are as follows.

The LPC is disabled when all of the bits LPC1E, LPC2E, and LPC3E in HICRO and SCIFE in
HICRS are cleared to O.

e PD7/SDAS

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_5 and the PD7DDR bit.

ICE 0 1
PD7DDR 0 1 X
Pin function PD7 input pin PD7 output pin SDAS5 input/output pin

[Legend] X: Don't care.

e PD6/SCLS

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_5 and the PD6DDR bit.

ICE 0 1
PD6DDR 0 1 X
Pin function PD6 input pin PD6 output pin SCL5 input/output pin

[Legend] X: Don't care.

e PD5/LPCPD

The pin function is switched as shown below according to the PDSDDR bit. This pin can be
used as the LPCPD input pin when the LPC is enabled.

LPC Disabled Enabled
PD5DDR 0 1 0
Pin function PD5 input pin PD5 output pin LPCPD input pin

Rev. 2.00 Aug. 20, 2008 Page 261 of 1198

RENESAS

REJ09B0403-0200



Section 8 1/0O Ports

e PD4/CLKRUN

The pin function is switched as shown below according to the PD4DDR bit. This pin can be
used as the CLKRUN input pin when the LPC is enabled.

LPC Disabled Enabled
PD4DDR 0 1 0

Pin function PD4 input pin PD4 output pin CLKRUN input/output pin
e PD3/GA20

The pin function is switched as shown below according to the combination of the FGA20E bit
in HICRO of the LPC and the PD3DDR bit.

FGA20E 0 1
PD3DDR 0 1 0

Pin function PD3 input pin PD3 output pin GA20 output pin
e PD2/PME

The pin function is switched as shown below according to the combination of the PMEE bit in
HICRO of the LPC and the PD2DDR bit.

PMEE 0 1
PD2DDR 0 1 0

Pin function PD2 input pin PD2 output pin PME output pin
e PDI/LSMI

The pin function is switched as shown below according to the combination of the LSMIE bit in
HICRO of the LPC and the PD1DDR bit.

LSMIE 0 1
PD1DDR 0 1 0

Pin function PD1 input pin PD1 output pin LSMI output pin
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e PDO/LSCI

The pin function is switched as shown below according to the combination of the LSCIE bit in

HICRO of the LPC and the PDODDR bit.

LSCIE 0 1
PDODDR 0 1 0
Pin function PDO input pin PDO output pin LSCI output pin

(5) Input Pull-Up MOS

Port pins D5 to D0 have built-in input pull-up MOSs that can be controlled by software. This input
pull-up MOS can be used in any operating mode, and can be specified as on or off on a bit-by-bit

basis.
PDnDDR 0 1
PDnODR 1 0 X
PDn pull-up MOS ON OFF OFF

[Legend] n=51to00, X: Don't care.

The input pull-up MOS is in the off state after a reset and in hardware standby mode. The prior
state is retained in software standby mode.

Table 8.8 summarizes the input pull-up MOS states.

Table8.8 Port D 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 PDDDR = 0 and PDODR = 1; otherwise off.
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8.1.14 PortE

Port E is an 8-bit I/O port. Port E pins can also function as the LPC input/output pins. Port E has
the following registers.

e Port E data direction register (PEDDR)
e Port E output data register (PEODR)
e Port E input data register (PEPIN)

(1) Port E Data Direction Register (PEDDR)

The individual bits of PEDDR specify input or output for the port E pins.

Bit Bit Name Initial Value R/W Description

7 PE7DDR 0 w When set to 1, the corresponding pins function as

6 PE6DDR 0 w output port pins; when cleared to 0, function as input
port pins.

5 PESDDR 0 w Since this register is allocated to the same address as

4 PE4DDR 0 w PEPIN, states of the port E pins are returned when

3 PE3DDR O W this register is read.

2 PE2DDR 0 w

1 PE1DDR 0 W

0 PEODDR 0 w

(2) Port E Output Data Register (PEODR)
PEODR stores output data for the port E pins.

Bit Bit Name Initial Value R/W Description

7 PE70ODR 0 R/W  The PEODR register stores the output data for the
6 PE6ODR 0 RIW pins that are used as the general output port.

5 PESODR 0 R/W

4 PE4ODR 0 R/W

3 PESODR 0 R/W

2 PE2ODR 0 R/W

1 PE1ODR 0 R/W

0 PEOODR 0 R/W
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(3) Port E Input Data Register (PEPIN)

PEPIN indicates the pin states of port E.

Bit Bit Name Initial Value R/W Description

7 PE7PIN Undefined* R When this register is read, the pin states are read.

6 PEG6PIN Undefined* R Since this register is allocated to the same address as
s PEGPIN_Undeinedt R TCO0R AN o e egser e dla o PECOR
4 PE4PIN Undefined* R

3 PE3PIN Undefined* R

2 PE2PIN Undefined* R

1 PE1PIN Undefined* R

0 PEOPIN Undefined* R

Note: The initial value of these pins is determined in accordance with the state of pins PE7 to
PEO.

(4) Pin Functions

Port E pins can also function as LPC input/output pins. The pin function is switched according to
whether the LPC module is enabled or disabled. The LPC is disabled when all of the bits LPC1E,
LPC2E, and LPC3E in HICRO and SCIFE in HICRS are cleared to 0.

e PE7/SERIRQ

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PE7DDR bit.

LPC Disabled Enabled
PE7DDR 0 1 X
Pin function PE7 input pin PE7 output pin SERIRQ input/output pin

[Legend] X: Don't care.
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e PE6/LCLK

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PE6DDR bit.

LPC Disabled Enabled
PE6DDR 0 1 X

Pin function PES6 input pin PE6 output pin LCLK input pin
[Legend] X: Don't care.

e PES/LRESET

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PESDDR bit.

LPC Disabled Enabled
PE5DDR 0 1 X

Pin function PES5 input pin PES5 output pin LRESET input pin
[Legend] X: Don't care.

e PE4/LFRAME

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PE4DDR bit.

LPC Disabled Enabled
PE4DDR 0 1 X

Pin function PE4 input pin PE4 output pin LFRAME input pin
[Legend] X: Don't care.

e PE3/LAD3

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PE3DDR bit.

LPC Disabled Enabled
PE3DDR 0 1 X

Pin function PE3 input pin PE3 output pin LAD3 input/output pin
[Legend] X: Don't care.
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e PE2/LAD2

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PE2DDR bit.

LPC Disabled Enabled
PE2DDR 0 1 X

Pin function PE2 input pin PE2 output pin LAD2 input/output pin
[Legend] X: Don't care.

e PEI1/LADI1

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PE1DDR bit.

LPC Disabled Enabled
PE1DDR 0 1 X

Pin function PE1 input pin PE1 output pin LAD1 input/output pin
[Legend] X: Don't care.

e PEO/LADO

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PEODDR bit.

LPC Disabled Enabled
PEODDR 0 1 X
Pin function PEO input pin PEO output pin LADO input/output pin

[Legend] X: Don't care.
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8.1.15 PortF

Port F is a 7-bit I/O port. Port F pins can also function as the PWMX output and EtherC control
input/output pins. Port F has the following registers.

e Port F data direction register (PFDDR)
e Port F output data register (PFODR)
e Port F input data register (PFPIN)

(1) Port F Data Direction Register (PFDDR)

The individual bits of PFDDR specify input or output for the port F pins. PFDDR is initialized
only by a system reset, and retains the value even if an internal reset signal of the WDT is
generated.

Bit Bit Name Initial Value R/W Description
7 — — — Reserved
6 PF6DDR 0 w When set to 1, the corresponding pin functions as an
5 PF5DDR 0 W output port pin; when cleared to 0, functions as an
input port pin.
4 PF4DDR 0 w ) . . .
Since this register is allocated to the same address as
3 PF3DDR 0 W PFPIN, states of the port F pins are returned when
2 PF2DDR 0 w this register is read.
1 PF1DDR 0 w
0 PFODDR 0 w
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(2) Port F Output Data Register (PFODR)

PFODR stores output data for the port F pins. PEODR is initialized only by a system reset, and
retains the value even if an internal reset signal of the WDT is generated.

Bit Bit Name Initial Value R/W Description

7 — — — Reserved
Undefined value is read from this bit.

6 PF60ODR 0 R/W  Stores the output data for the pin that is used as the
5 PF50DR 0 R/W general output port.

4 PF40DR 0 R/W

3 PF30ODR 0 R/W

2 PF20DR 0 R/W

1 PF10ODR 0 R/W

0 PFOODR 0 R/W

(3) Port F Input Data Register (PFPIN)
PFPIN indicates the pin states of port F.

Bit Bit Name Initial Value R/W Description

7 — — — Reserved
Undefined value is read from this bit.

PF6PIN Undefined*
PF5PIN Undefined*
PF4PIN Undefined*
PF3PIN Undefined*
PF2PIN Undefined*
PF1PIN Undefined*
PFOPIN Undefined* R

Note: The initial value of these pins is determined in accordance with the state of pins PF6 to
PFO.

When this register is read, the pin states are read.

Since this register is allocated to the same address as
PFDDR, writing to this register writes data to PFDDR
and the port F setting is changed.

o =4 N W b~ oo
L T TV IV TV D
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(4) Pin Functions

Port F is a 7-bit I/O port. Port F pins can also function as the PWM output and EtherC control
input/output pins. The relationship between the register settings and the pin function is shown

below.

e PF6/ExPWX2/RS14

The pin function is switched as shown below according to the combination of the OEA bit in
DACR and the PWMXS bit in PTCNTO of PWMX _1 and the PF6DDR bit.

PF6DDR 0 1 X
PWMXS 0 1 0 1 1
OEA X 0 X 0 1
Pin function PF6 input pin PF6 output pin ExPWX2 output pin

[Legend] X: Don't care.

e PF5/RS13

The pin function is switched as shown below according to the PFSDDR bit.

PF5DDR 0 1
Pin function PF5 input pin PF5 output pin
e PF4/RS12

The pin function is switched as shown below according to the PF4DDR bit.

PF4DDR 0

1

Pin function PF4 input pin

PF4 output pin

e PF3/ExPWX3/RS11

The pin function is switched as shown below according to the combination of the OEB bit in
DACR and the PWMXS bit in PTCNTO of PWMX_1 and the PF3DDR bit.

PF3DDR 0 1 X
PWMXS 0 1 0 1 1
OEA X 0 X 0 1
Pin function PF3 input pin PF3 output pin ExPWX3 output pin

[Legend] X: Don't care.
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e PF2/RS10
The pin function is switched as shown below according to the PF2DDR bit.

PF2DDR

0

1

Pin function

PF2 input pin

PF2 output pin

e PFI/RS9/MDC, PFO/RS8/MDIO

The pin function is switched as shown below according to the combination of the module stop
state in the EtherC and E-DMAC and the PFnDDR bit.

EtherC, Ether of them is stopped Both of them are stopped

E-DMAC

PFnDDR 0 1 X

Pin function PFn input pin PFn output pin MDC output pin/
MDIO input/output pin

[Legend] X:Don'tcare.n=1,0

RENESAS
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8.2 I/0 Portsfor the H8S/2463 Group and the H8S5/2462 Group

Table 8.9 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 and a data register (DR) that stores output data.
DDR and DR are not provided for input-only ports.

Pins of ports 1 to 4, 6, and A and pins DO to D5 of port D have built-in input pull-up MOSs. For
port A pins and DO to D5 pins, the on/off status of the input pull-up MOS is controlled by their
respective DDR and the output data register (ODR). Ports 1 to 4, and 6 have an input pull-up MOS
control register (PCR), in addition to DDR and DR, to control the on/off status of the input pull-up
MOS:s.

Port 3 pins and pins 47 to 44 and B3 to B0 have built-in de-bouncers (DBn) that eliminate noises
in the input signals.

Ports 4 and F are designed for retain state outputs (RSn), which retain the output values on the
pins even if a reset is generated when the watchdog timer has overflowed.

Ports 1 to 6, and 8 to E can drive a single TTL load and 30 pF capacitive load. All the I/O ports
can drive a Darlington transistor in output mode. Port pins 80 to 83, CO to C5, D6, and D7 are
NMOS push-pull output.
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Table89 Port Functions
Single-Chip Mode Extended Mode Feature of
Port Description (EXPE =0) (EXPE =1) 110
Port 1  General I/O port P17 P17/A7/AD7 Built-in input
multiplexed with P16 P16/A6/AD6 pull-up MOS
address outputand P15 P15/A5/AD5
address-data P14 P14/A4/AD4
multiplex I/O P13 P13/A3/AD3
P12 P12/A2/AD2
P11 P11/A1/AD1
P10 P10/A0/ADO
Port2 General I/O port P27/DTR Same as left Built-in input
multiplexed with SCIF P26/DSR pull-up MOS
control 1/0 P25/RI
P24/DCD
General I/O port P23 P23/A11/AD11
multiplexed with P22 P22/A10/AD10
address output and P21 P21/A9/AD9
address-data P20 P20/A8/AD8
multiplex /O
Port 3 General I/O port P37/ExDB7 P37/ExDB7/D15 Built-in input
multiplexed with de-  P36/ExDB6 P36/ExDB6/D14 pull-up MOS
bounced input and P35/ExDB5 P35/ExDB5/D13
bidirectional data bus P34/ExDB4 P34/ExDB4/D12
I/0 P33/ExDB3 P33/ExDB3/D11
P32/ExDB2 P32/ExDB2/D10
P31/ExDB1 P31/ExDB1/D9
P30/ExDBO0 P30/ExDB0/D8
Port4 General I/O port P47/1RQ7/RS7/DB7/HC7 P47/A15/AD15 Built-in input
multiplexed with P46/IRQ6/RS6/DB6/HC6  P46/A14/AD14 pull-up MOS
interrupt input, de- P45/IRQ5/RS5/DB5/HC5  P45/A13/AD13 LED driving
bounced input, P44/IRQ4/RS4/DB4/HC4  P44/A12/AD12 capability
address output, and
address-data (sink current
multiplex 1/0 12 mA)
General 1/0 port P43/1RQ3/RS3/HC3 P43/IRQ3/RS3/HC3/D7*
multiplexed with P42/1RQ2/RS2/HC2 P42/IRQ2/RS2/HC2/D6*
interrupt input and P411RQ1/RS1/HCH1 P41/IRQ1/RS1/HC1/D5*
bidirectional data P40/IRQO/RSO/HCO P40/IRQ0O/RSO/HCO/D4*
bus* I/O
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Single-Chip Mode Extended Mode Feature of
Port Description (EXPE =0) (EXPE =1) 1/0
Port 5 General I/O port P57 WR/HWR
rnultlplexgd with P56/EXCL/¢ Same as left
interrupt input, bus P55/RQI3/SSI
control output, system P54/RQ12/SSO
clock output, external
subclock input, and
SSuU I/0
General I/0 port P53/IRQ11/RxD1 Same as left
multiplexed with P52/IRQ10/TxD1
interrupt input, SCIF  P51/IRQ9/RxDF
and SCI_1 1/0 P50/IRQ8/TxDF
Port 6 General I/O port P67/ExIRQ8/SSCK Same as left Built-in input
multiplexed with P66/ExIRQ9/SCS pull-up MOS
interrupt input, SCIF  P65/EXIRQ10/RTS
control /0, and SSU  P64/EXIRQ11/CTS
control 1/0
General I/0 port P63/PWX3 P63/PWX3/D3*
multiplexed with P62/PWX2 P62/PWX2/D2*
interrupt input, PWMX P61/IRQ15/PWX1 P61/IRQ15/PWX1/D1*
output, and P60/IRQ14/PWX0 P60/IRQ14/PWX0/D0*
bidirectional data
bus* 1/0
Port 7 General input port P77/AN7 Same as left
multiplexed with A/D  P76/AN6
converter analog input P75/AN5
P74/AN4
P73/AN3
P72/AN2
P71/ANA1
P70/ANO
Port 8 General I/O port P87/ExIRQ15/TxD3/ADTRG Same as left
multiplexed with P86/ExIRQ14/RxD3
interrupt input, A/D P85/ExIRQ13/SCK1
converter external P84/ExXIRQ12/SCK3
trigger input, and
SCI_1and SCI_31/0
General I/0 port P83/SDA1 Same as left NMOS
multiplexed with [IC_0 P82/SCL1 push-pull
and IIC_1 I/O P81/SDAO output
P80/SCLO
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Single-Chip Mode Extended Mode Feature of
Port Description (EXPE =0) (EXPE =1) 1/0
Port9 General I/O port P97 P97/WAIT/CS256
multiplexed with
PWMX outputand 20 Same as left
bus control /O P95 AS/IOS
P94/ExPWX1 Same as left
P93/ExPWX0
P92 P92/HBE
P91 P91/AH
P90 P90/LBE
Port A General I/O port PA7/EXIRQ7/EVENT7 PA7/EXIRQ7/EVENT7/A23 Built-in input
multiplexed with PAG6/EXIRQ6/EVENT6/LNKSTA  PA6/EXIRQE/EVENTE/LNKSTA/A22  pull-up MOS
interrupt input, DTC  PA5/EXIRQ5/EVENT5/WOL PAS5/EXIRQ5/EVENT5/WOL/A21
event counter input,  PA4/ExIRQ4/EVENT4 PA4/EXIRQ4/EVENT4/A20
EtherC control 1/O, PA3/ExIRQ3/EVENT3 PA3/EXIRQ3/EVENT3/A19
and address output ~ PA2/EXIRQ2/EVENT2 PA2/EXIRQ2/EVENT2/A18
PA1/EXIRQT/EVENT1 PA1/EXIRQ1/EVENT1/A17
PAO/EXIRQO/EVENTO PAO/EXIRQO/EVENTO/A16
Port B General I/O port PB7/EVENT15/RM_RX-ER  Same as left
multiplexed with DTC PB6/EVENT14/RM_CRS-DV
event counter input PB5/EVENT13/RM_REF-CLK
and EtherC control PB4/EVENT12/RM_TX-EN
/0
General I/O port PB3/DB3/EVENT11/RM_RXD1  Same as left
multiplexed with de-  PB2/DB2/EVENT10/RM_RXDO
bounced input, DTC  PB1/DB1/EVENT9/RM_TXD1
event counter input,  PBO/DBO/EVENT8/RM_TXDO
and EtherC control
1/0
Port C General I/O port PC7 RD
multiplexed with bus  PC6 PC6/LWR
control output
General I/0 port PC5/SDA4 Same as left NMOS
multiplexed with 1IC_2 PC4/SCL4 gﬂf&;g’“"
to IC_41/0 PC3/SDA3
PC2/SCL3
PC1/SDA2
PCO0/SCL2

RENESAS
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Single-Chip Mode Extended Mode Feature of
Port Description (EXPE =0) (EXPE =1) 110
Port D General I/O port PD7/SDA5 Same as left NMOS
multiplexed with IIC_5 PD6/SCL5 push-pull
1/0 output
General I/0O port PD5/LPCPD Same as left Built-in input
multiplexed with LPC PD4/CLKRUN pull-up MOS
1/0 PD3/GA20
PD2/PME
PD1/LSMI
PDO/LSCI
Port E General I/O port PE7/SERIRQ Same as left
multiplexed with LPC PE6/LCLK
1/0 PE5/LRESET
PE4/LFRAME
PE3/LAD3
PE2/LAD2
PE1/LAD1
PEO/LADO
Port F  General I/O port PF6/ExPWX2/RS14 Same as left
multiplexed with PF1/RS9/MDC
PWMX output and PFO/RS8/MDIO
EtherC control I1/0O
Note: * Available when configured for 16-bit data bus.
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821 Port 1

Port 1 is an 8-bit I/O port. Port 1 pins can also function as the address bus and address-data
multiplex bus pins. The pin functions change according to the operating mode. Port 1 has the
following registers.

e Port 1 data direction register (PIDDR)
e Port 1 data register (P1DR)
e Port 1 pull-up MOS control register (P1PCR)

(1) Port 1 Data Direction Register (P1DDR)

The individual bits of PIDDR specify input or output for the pins of port 1.

Bit Bit Name Initial Value R/W Description

7 P17DDR 0 w e Normal extended mode (ADMXE = 0)

6 P16DDR 0 w When set to 1, the corresponding pins function as

5 P15DDR 0 W adqiress outpuf[ pins; when cleared to 0, function
as input port pins.

4 P14DDR 0 w e Address-data multiplex extended mode (ADMXE =

3 P13DDR 0 w 1)

2 P12DDR 0 W These bits correspond to the AD7 to ADO pins of

1 P11DDR 0 w the address-data multiplex bus.

0 P10DDR 0 w . Single-chip mode

When set to 1, the corresponding pins function as
output port pins; when cleared to 0, function as
input port pins.
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(2) Port 1 Data Register (P1DR)

P1DR stores output data for the port 1 pins.

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 port.

If this register is read, the P1DR values are read for
5 P15DR 0 R/W the bits with the corresponding P1DDR bits set to 1.
4 P14DR 0 R/W  For the bits with the corresponding P1DDR bits
3 P13DR 0 R/W cleared to 0, the pin states are read.
2 P12DR 0 R/W
1 P11DR 0 R/W
0 P10DR 0 R/W

(3) Port 1 Pull-Up MOS Control Register (P1LPCR)

P1PCR controls the port 1 built-in input pull-up MOSs.

Bit Bit Name Initial Value R/W  Description

7 P17PCR 0 R/W  When the pins are in the input state, the

6 P16PCR 0 RIW :o;qesg%ng:?%|2§tuttop1ulll up MOS is turned on when
5 P15PCR 0 R/W Do not change the initial value when using the

4 P14PCR 0 R/W  address-data multiplex extended bus mode.

3 P13PCR 0 R/W

2 P12PCR 0 R/W

1 P11PCR 0 R/W

0 P10PCR 0 R/W
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(4) Pin Functions
The relationship between the register settings and the pin function is shown below.

(a) Extended Mode (EXPE =1)

The pin function is switched as shown below according to the PInDDR bit.

P1nDDR 0 1
ADMXE 0 1 0 1
ABW, X Either bit is 0 | Both bits are X Either bitis 0 Both bits
ABW256 (8/16-bit bus) | 1 (8-bit bus) (8/16-bit bus) | are 1 (8-bit
bus)

Pin function | P1n input ADn P1n input pin| An output Setting P1n output

pin input/output pin prohibited pin

pin

[Legend] n = 7 to 0, X: Don't care.

(b) Single-Chip Mode (EXPE = 0)

The pin function is switched as shown below according to the PInDDR bit.

P1nDDR 0 1
Pin function P1n input pin P1n output pin
[Legend]n=71t0 0

(5) Port 1 Input Pull-Up MOS

Port 1 has built-in input pull-up MOSs that can be controlled by software. The input pull-up MOS
can be used regardless of the operating mode. Table 8.10 summarizes the input pull-up MOS

states.

Table8.10 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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8.2.2 Port 2

Port 2 is an 8-bit I/O port. Port 2 pins can also function as the SCIF modem control signal, address
bus, and address-data multiplex bus pins. The 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 pull-up MOS control register (P2PCR)

(1) Port 2 Data Direction Register (P2DDR)

The individual bits of P2DDR specify input or output for the pins of port 2.

Bit Bit Name Initial Value  R/W Description

7 P27DDR 0 w When set to 1, the corresponding pins function as

6 P26DDR 0 W output port pins; when cleared to 0, function as
input port pins.

5 P25DDR 0 w

4 P24DDR 0 w

3 P23DDR 0 w ¢ Normal extended mode (ADMXE = 0)

2 P22DDR 0 w When set to 1, the corresponding pins function

1 P21DDR 0 W as address output pins; when cleared to 0,

function as input port pins.
0 P20DDR 0 w

The address output pins used are in accord
with the settings of the IOSE and CS256E bits
of SYSCR.

e Address-data multiplex extended mode
(ADMXE = 1)
These bits correspond to the AD11 to AD8 pins
of the address-data multiplex bus.

¢ Single-chip mode

When set to 1, the corresponding pins function
as output port pins; when cleared to 0, function
as input port pins.
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(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 R/W used as the general output port.
If this register is read, the P2DR values are read
5 P25DR 0 R/W for the bits with the corresponding P2DDR bits set
4 P24DR 0 R/W to 1. For the bits with the corresponding P2DDR
3 P23DR 0 R/W bits cleared to 0, the pin states are read.
2 P22DR 0 R/W
1 P21DR 0 R/W
0 P20DR 0 R/W

(3) Port 2 Pull-Up MOS Control Register (P2PCR)

P2PCR controls the port 2 built-in input pull-up MOSs.

Bit Bit Name Initial Value  R/W Description

7 P27PCR 0 R/W When the pins are in the input state, the

6 P26PCR 0 R/W corresponding input pull-up MOS is turned on
when a P2PCR bit is set to 1.

5 P25PCR 0 R/W

4 P24PCR 0 R/W

3 P23PCR 0 R/W When the pins are in the input state, the
corresponding input pull-up MOS is turned on

2 P22PCR 0 R/W when a P2PCR bit is set to 1.

! P21PCH 0 RW Do not change the initial value when using the

0 P20PCR 0 R/W address-data multiplex extended bus mode.

Rev. 2.00 Aug. 20, 2008 Page 281 of 1198

RENESAS REJ09B0403-0200



Section 8 1/0O Ports

(4) Pin Functions

The relationship between the register settings and the pin function is shown below.

(a) Extended Mode (EXPE = 1)

e P27to P24

The pin function is the same as that in single-chip mode.

e P23

The pin function is switched as shown below according to the combination of the CS256E and
IOSE bits in SYSCR, the ADFULLE bit in BCR2 of the BSC, and the P23DDR bit. Address
11 in the table below is expressed by the following logical expression.

Address 11 = 1: ADFULLE e CS256E ¢ IOSE

P23DDR 0 1

ADMXE 0 1 0 1

Address 11 X X 0 1 X

Pin function | P23 input pin |AD11 input/output|A11 output pin | P23 output pin |AD11 input/output
pin pin

e P22 1to P20

P2nDDR

ADMXE 0 1 0 1

Pin function P2n input pin ADm input/output Am output pin ADm input/output

pin pin
[Legend] m=10to 8, n=21to 0, X: Don't care.
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(b) Single-Chip Mode (EXPE = 0)
e P27/DTR

The pin function is switched as shown below according to the combination of the SCIFE bit in

HICRS of the LPC, the SCIFOE1 and SCIFOEDO bits in SCIFCR of the SCIF, and the P27DDR
bit.

SCIFE 0 1

SCIFOET1, Other than 10 10 X1 X0

SCIFOEO

P27DDR 0 1 X 0 1 X

Pin function |P27 input pin| P27 output | DTR output |P27 input pin| P27 output | DTR output
pin pin pin pin

[Legend] X: Don't care.

e P26/DSR, P25/RI, P24/DCD
The pin function is switched as shown below according to the P2nDDR bit.

P2nDDR 0 1
Pin function P2n input pin P2n output pin
DSR/RI/DCD input pin

[Legend]n =610 4

e P23 to P20

The pin function is switched as shown below according to the P2nDDR bit.

P2nDDR 0 1

Pin function P2n input pin P2n output pin
[Legend]n=3t0 0
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(5) Port 2 Input Pull-Up MOS

Port 2 has built-in input pull-up MOSs that can be controlled by software. The input pull-up MOS
can be used regardless of the operating mode. Table 8.11 summarizes the input pull-up MOS

states.

Table8.11 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.

Rev. 2.00 Aug. 20, 2008 Page 284 of 1198

REJ09B0403-0200 RENESAS



Section 8 /0O Ports

8.2.

3 Port 3

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

following registers.

0))

Port 3 data direction register (P3DDR)

Port 3 data register (P3DR)

Port 3 pull-up MOS control register (P3PCR)
Noise canceler enable register (P3NCE)

Noise canceler mode control register (P3NCMC)

Noise cancel cycle setting register (NCCS)

Port 3 Data Direction Register (P3DDR)

The individual bits of P3ADDR specify input or output for the port 3 pins.

Bit Bit Name Initial Value R/W Description
7 P37DDR 0 W ¢ Normal extended mode (ADMXE = 0)
6 P36DDR 0 w The pins function as bidirectional data bus pins.
5 P35DDR 0 W e Other modes
4 P34DDR 0 w When set to 1, the corresponding pins function as
output port pins; when cleared to 0, function as input
3 P33DDR 0 w port pins.
2 P32DDR 0 w
1 P31DDR 0 w
0 P30DDR 0 w
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(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 e Normal extended mode (ADMXE = 0)

6 P36DR 0 R/W Since the port 3 pins function as bidirectional data

5 P35DR 0 RIW bus pins, the value of this register has no effect on
operation.

4 P34DR 0 R/W If this register is read, the P3DR values are read for

3 P33DR 0 R/W the bits with the corresponding P3DDR bits set to 1.
For the bits with the corresponding P3DDR bits

2 P32DR 0 R/W cleared to 0, 1 is read.

1 P31 DR 0 R/W ° Other modes

0 P30DR 0 R/W P3DR stores output data for the port 3 pins that are

used as the general output port.

If this register is read, the P3DR values are read for
the bits with the corresponding P3DDR bits set to 1.
For the bits with the corresponding P3DDR bits
cleared to 0, the pin states are read.

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

P3PCR controls the port 3 built-in input pull-up MOSs.

Bit Bit Name Initial Value R/W Description

7 P37PCR 0 R/W e Normal extended mode (ADMXE = 0)

6 P36PCR 0 R/W This register has no effect on operation.

5 P35PCR 0 R/W ¢ Other modes

4 P34PCR 0 R/W When the pins are in the input state, the
corresponding input pull-up MOS is turned on when

3 P33PCR 0 RW  aP3PCR bitis setto 1.

2 P32PCR 0 R/W

1 P31PCR 0 R/W

0 P30PCR 0 R/W
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(4) Noise Canceler Enable Register (P3NCE)

P3NCE enables or disables the noise canceler circuit at port 3.

Bit Bit Name Initial Value R/W Description
7 P37NCE 0 R/W e Normal extended mode (ADMXE = 0)
6 P36NCE 0 R/W The pins function as bidirectional data bus pins. Set
5 P35NCE 0 R/W this register to 0.
Oth d
4 P34NCE 0 Rw © ornermodes o
Enables the noise canceler circuit for the
3 P33NCE 0 R/W corresponding pin and the pin state is fetched into
2 P32NCE 0 R/W P3DR at the sampling cycle set by NCCS.
1 P31NCE 0 R/W The operation changes according to the other
control bits. See section 8.2.3 (7), Pin Functions, for
0 P30NCE 0 R/W details.

(5) Noise Canceler Mode Control Register (P3NCMC)

When the noise canceler is enabled, PANCMC controls whether 1 or 0 is expected for the input
signal to port 3 in bit units.

Bit Bit Name Initial Value R/W Description
7 P37NCMC 1 R/W e Normal extended mode (ADMXE = 0)
6 P36NCMC 1 R/W This register has no effect on operation.
5 P35NCMC 1 R/W ¢ Other modes
4 P34NCMC 1 R/W 1 expected: 1 is stored in the port data register
while 1 is input stably.
3 P33NCMC 1 R/W . . .
0 expected: 0 is stored in the port data register
2 P32NCMC 1 R/W while 0 is input stably.
1 P31INCMC 1 R/W
0 P30ONCMC 1 R/W
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(6) Noise Canceler Cycle Setting Register (NCCYS)

NCCS controls the sampling cycle of the noise cancelers.

Bit Bit Name Initial Value R/W Description

7t03 — Undefined R/W Reserved
Undefined value is read from these bits.
2 NCCK2 R/W These bits set the sampling cycle of the noise cancelers.
1 NCCK1 R/W e When ¢ =34 MHz
0 NCCKO R/W 000: 0.06 us /2 100: 963.8 us /32768
001: 0.94 us /32 101: 1.9 ms  ¢/65536

010: 15.1 us  ¢/512 110: 3.9 ms  ¢/131072
011:240.9 ps $/8192 111: 7.7 ms  $/262144

At

012, 0/32, §/512, ¢/8192,

/32768, /65536,

/131072, 0/262144

I:":I Sampling clock selection

Y

Pin input——| Latch

Latch Latch -
Match
detection

circuit

At

Sampling clock

L L

Port data
register

Figure8.7 Noise Canceler Circuit
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P3n input

1 expected
P3nDR

0 expected
P3nDR

(n=7100)

Figure 8.8 Noise Canceler Operation
(7) Pin Functions
(a) Normal Extended Mode
Port 3 pins are automatically set to function as bidirectional data bus pins.
(b) Address-Data Multiplex Extended M ode
The operation is the same as that in single-chip mode.
(¢) Single-Chip Mode

The pin function is switched as shown below according to the P3nDDR bit and the P3nNCE bit.

P3nDDR 0 1
P3nNCE 0 1 X
Pin function P3n input pin DBn input P3n output pin

[Legend] n =7 to 0, X: Don't care
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(8) Port 3 Input Pull-Up MOS

Port 3 has built-in input pull-up MOSs that can be controlled by software. The input pull-up MOS
can be used in single-chip mode and address-data multiplex extended mode. Table 8.12

summarizes the input pull-up MOS states.

Table8.12 Port 3 Input Pull-Up MOS States

Hardware Software Standby In Other
Mode Reset Standby Mode  Mode Operations
Normal extended mode Off Off Off Off
(EXPE =1, ADMXE = 0)
Single-chip mode (EXPE = 0) Off Off On/Off On/Off

Address-data multiplex
extended mode (EXPE =1,

ADMXE = 1)
[Legend]
Off: Always off.

On/Off: On when input state and P3PCR = 1; otherwise off.
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8.2.

4 Port 4

Port 4 is an 8-bit I/O port. Port 4 pins can also function as the external interrupt input, de-bounced

input, bidirectional data bus, address bus, and address-data multiplex bus pins. Port 4 has the
following registers.

0))

Port 4 data direction register (P4DDR)

Port 4 data register (P4ADR)

Port 4 pull-up MOS control register (P4PCR)
Noise canceler enable register (P4BNCE)

Noise canceler mode control register (PABNCMC)
Noise cancel cycle setting register (NCCS)

Port 4 Data Direction Register (P4ADDR)

The individual bits of PADDR specify input or output for the port 4 pins. PADDR is initialized
only by a system reset, and retains the value even if an internal reset signal of the WDT is

generated.

Bit Bit Name Initial Value R/W Description

7 P47DDR 0 W e Normal extended mode (ADMXE = 0)

6 P46DDR 0 w When set to 1, the corresponding pins function as

5 P45DDR 0 W gddress out.put pins; when cleared to 0, function as
input port pins.

4 P44DDR 0 w

The address output pins used are in accord with the
settings of the IOSE and CS256E bits of SYSCR.

e Address-data multiplex extended mode (ADMXE =
1)
These bits correspond to the AD15 to AD12 pins of
the address-data multiplex bus.

e Single-chip mode

When set to 1, the corresponding pins function as
output port pins; when cleared to 0, function as input
port pins.
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Bit Bit Name Initial Value R/W Description

3 P43DDR 0 W e Normal extended mode (16-bit bus)

2 P42DDR 0 w These bits have no effect on operation.

1 P41DDR 0 W e Other modes

0 P40DDR 0 w If port 4 pins are specified for use as the general /O

port, the corresponding pins function as output port
when the P4DDR bits are set to 1, and as input port
when cleared to 0.

(2) Port 4 Data Register (P4DR)

P4DR stores output data for the port 4 pins. PADR is initialized only by a system reset, and retains
the value even if an internal reset signal of the WDT is generated.

Bit Bit Name Initial Value R/W Description
7 P47DR 0 R/W These bits store output data for the port 4 pins that are
6 P46DR 0 R/W used as the general output port.
If this register is read, the P4DR values are read for the
5 P4SDR 0 R/W bits with the corresponding P4DDR bits set to 1. For the
4 P44DR 0 R/W bits with the corresponding P4DDR bits cleared to 0,
the pin states are read.
3 P43DR 0 R/W e Normal extended mode (16-bit data bus)
2 P42DR 0 R/W Since the corresponding pins function as
bidirectional data bus pins, the value in these bits
P41DR 0 RW has no effect on operation.
0 P40DR 0 R/W If this register is read, the P4DR values are read for

the bits with the corresponding P4DDR bits set to 1.
For the bits with the corresponding P4DDR bits
cleared to 0, 1 is read.

Other modes
These bits store output data for the port 4 pins that
are used as the general output port.

If this register is read, the P4DR values are read for
the bits with the corresponding P4DDR bits set to 1.
For the bits with the corresponding P4ADDR bits
cleared to 0, the pin states are read.
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(3) Port 4 Pull-Up MOS Control Register (P4PCR)

P4PCR controls the port 4 built-in input pull-up MOSs.

Bit Bit Name Initial Value R/W Description

7 P47PCR 0 R/W e Normal extended mode (ADMXE = 0)

6 P46PCR 0 R/W This register has no effect on operation.

5 P45PCR 0 R/W ¢ Other modes

4 P44PCR 0 R/W When the pins are in the input state, the
corresponding input pull-up MOS is turned on when

3 P43PCR 0 RW  a PAPCR bitis setto 1.

2 P42PCR 0 R/W

1 P41PCR 0 R/W

0 P40PCR 0 R/W

(4) Noise Canceler Enable Register (PABNCE)

The individual bits of PABNCE enable or disable the noise canceler circuits for ports 4 and B.

Bit Bit Name Initial Value R/W Description
7 P47NCE 0 R/W Enables the noise canceler circuit for the corresponding
6 P46NCE 0 R/W Pin an_d the pin state is fetched into P4DR at the
sampling cycle set by NCCS.

P45NCE R/W . .
5 SNC 0 / The operation changes according to the other control
4 P44NCE 0 R/W bits. See section 8.2.4 (7), Pin Functions, for details.
3to0 PB3NCEto AllO R/W Bits for port B setting

PBONCE
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(5) Noise Canceler Mode Control Register (PABNCMC)
PABNCMC controls whether 1 or 0 is expected for the input signal to port 4 in bit units.

Bit Bit Name Initial Value R/W Description

7 P47NCMC 1 R/W Expected value setting
6 P46NCMC 1 R/W 1 expected: 1 is stored in the port data register while 1
5 P45NCMC 1 R/W Is input stably
4 P44NCMC 1 RIW 0 expected: O is stored in the port data register while O
is input stably
3to 0 PB3NCMC All1 R/W Bits for port B setting
to
PBONCMC

(6) Noise Canceler Cycle Setting Register (NCCYS)
NCCS controls the sampling cycle of the noise cancelers.

Bit Bit Name Initial Value R/W Description

7t03 — Undefined R/W Reserved
Undefined value is read from these bits.
2 NCCK2 0 R/W These bits set the sampling cycle of the noise
1 NCCK1 0 R/W cancelers.
0  NCCKO 0 rRw * When ¢ =34 MHz
000: 0.06 us  ¢/2 100: 963.8 us ¢/32768
001: 0.94 us  ¢/32 101: 1.9 ms  ¢/65536

010: 15.1 us /512 110:39ms  ¢/131072
011:240.9 ps ¢/8192 111: 7.7 ms  $/262144
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— 0/2, /32, 0/512, ¢/8192,
/32768, 0/65536,

/131072, ¢/262144
Sampling clock selection

At

Pin input—| Latch Latch Latch -

Match
detection
circuit |—m

Port data
register

s [1 1 11T

Figure8.9 Noise Canceler Circuit

P4n input “ww Mw

1 expected
P4nDR

0 expected
P4nDR

(n=7to04)

Figure8.10 Noise Canceler Operation
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(7) Pin Functions

The relationship between the register settings and the pin function is shown below.

(a) Normal Extended Mode

e P47to P44

The pin function is switched as shown below according to the combination of the CS256E and
IOSE bits in SYSCR, the ADFULLE bit in BCR2 of the BSC, and the P4AnDDR bit. Address 13 in
the table below is expressed by the following logical expression.

Address 13 = 1: ADFULLE e CS256E e IOSE

P4nDDR 0 1

Address 13 X 0 1

Pin P4n input pin Am output pin P4n output pin
function

[Legend]n=151t0 12,n =7 to 4, X: Don't care

e P43 to P40
Port pins 43 to 40 function as bidirectional data bus pins in 16-bit bus extension, and can be used
as general I/O port pins in 8-bit bus extension.

(b) Address-Data Multiplex Extended M ode

Port pins 47 to 44 are automatically set to function as address bus pins. Port pins 43 to 40 can be
used as general I/O port pins.
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(¢) Single-Chip Mode

The relationship between register setting values and pin functions are as follows.

e P47 to P40

The pin function is switched as shown below according to the PAnDDR bit and PAnNCE bit.
When the ISSn bit in ISSR is cleared to 0 and the IRQnE bit in IER of the interrupt controller is
set to 1, the pin can be used as the IRQn input pin. To use as the IRQn input pin, clear the
P4nDDR bit to 0.

P4nDDR 0 1
P4nNCE 0 1 X
Pin function P4n input DBn input P4n output pin
TRQn input TRQn input
(with the noise canceler)

[Legend] n =7 to 4, X: Don't care

e P44 to P40

The pin function is switched as shown below according to the PAnDDR bit. When the ISSn bit in
ISSR is cleared to 0 and the IRQnE bit in IER of the interrupt controller is set to 1, the pin can be
used as the IRQn input pin. To use as the IRQn input pin, clear the PAnDDR bit to 0.

P4nDDR 0 1
Pin function P4n input pin P4n output pin
IRQn input pin

[Legend] n = 3to 0, X: Don't care
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(8) Port 4 Input Pull-Up MOS

Port 4 has built-in input pull-up MOSs that can be controlled by software. The input pull-up MOS
can be used in single-chip mode and address-data multiplex extended mode. Table 8.13

summarizes the input pull-up MOS states.

Table8.13 Port 4 Input Pull-Up MOS States

Hardware Software Standby In Other
Mode Reset Standby Mode  Mode Operations
Normal extended mode Off Off Off Off
(EXPE =1, ADMXE = 0)
Single-chip mode (EXPE = 0) Off Off On/Off On/Off

Address-data multiplex
extended mode (EXPE =1,

ADMXE = 1)
[Legend]
Off: Always off.

On/Off: On when input state and P4PCR = 1; otherwise off.
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8.25 Port 5

Port 5 is an 8-bit I/O port. Port 5 pins can also function as the SCIF, SCI_1, and SSU input/output,
bus control output, system clock output, external subclock input, and interrupt input pins. Port 5
has the following registers.

e Port 5 data direction register (PSDDR)
e Port 5 data register (PSDR)

(1) Port 5Data Direction Register (P5DDR)

The individual bits of PSDDR specify input or output for the port 5 pins.

Bit Bit Name Initial Value R/W Description

7 P57DDR 0 w If port 5 pins are specified for use as the general I/O
port, the corresponding pins function as output port
when the P5DDR bits are set to 1, and as input port
when cleared to 0.

6 P56DDR 0 W The corresponding port 5 pin functions as the system
clock output pin (¢) when this bit is set to 1, and as
the general 1/O port when cleared to 0.

5 P55DDR 0 w If port 5 pins are specified for use as the general I/O
port, the corresponding pins function as output port

4 PS4DDR 0 w when the P5DDR bits are set to 1, and as input port

3 P53DDR 0 W when cleared to 0.

2 P52DDR 0 w

1 P51DDR 0 w

0 P50DDR 0 w
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(2) Port 5 Data Register (P5DR)

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 Undefined* R used as the general output port.

If this register is read, the P5DR values are read for
5 PSSDR 0 R/W the bits with the corresponding P5DDR bits set to 1.
4 P54DR 0 R/W  For the bits with the corresponding P5DDR bits
3 P53DR 0 R/w Cleared to O, the pin states are read.
2 P52DR 0 R/W
1 P51DR 0 R/W
0 P50DR 0 R/W

Note: * The initial value is determined in accordance with the pin state of P56.

(3) Pin Functions

(a) Normal Extended Mode and Address-Data Multiplex Extended M ode

Port pin 57 is automatically set to function as a bus control output pin. The functions of port pins
56 to 50 are the same as those in single-chip mode.

(b) Single-Chip Mode

Port 5 pins can operate as the SCIF, SCI_1, and SSU input/output, noise canceler input, or general
I/0 port pins. The relationship between register setting values and pin functions are as follows.

e P57
The pin function is switched as shown below according to the PS7DDR bit.

P57DDR 0 1

Pin function P57 input pin P57 output pin
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e P56/EXCL/¢

The pin function is switched as shown below according to the combination of the EXCLE bit

in LPWRCR and the PS6DDR bit.

P56DDR 0 1
EXCLE 0 1 X
Pin function P56 input pin EXCL input pin ¢ output pin

[Legend] X: Don't care.

e P55/IRQ13/SSI

The pin function is switched as shown below according to the RE bit in SSER of the SSU and
the PS5DDR bit. When the ISS13 bit in ISSR16 is cleared to 0 and the IRQ13E bit in IER16 of
the interrupt controller is set to 1, this pin can be used as the IRQ13 input pin. To use as the
IRQ13 input pin, clear the PSSDDR bit to O.

RE 0 1

P55DDR 0 1 X

Pin function P55 input pin P55 output pin SSl input pin
IRQ13 input pin

[Legend] X: Don't care.

e P54/IRQI12/SSO

The pin function is switched as shown below according to the TE bit in SSER of the SSU and
the P5S4DDR bit. When the ISS12 bit in ISSR16 is cleared to 0 and the IRQ12E bit in IER16 of
the interrupt controller is set to 1, this pin can be used as the IRQ12 input pin. To use as the
IRQ12 input pin, clear the PS4DDR bit to 0.

TE 0 1
P54DDR 0 1 X
Pin function P54 input pin P54 output pin SSO output pin
TRQ12 input pin
[Legend] X: Don't care.
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P53/IRQ11/RxD1
The pin function is switched as shown below according to the combination of the RE bit in
SCR of SCI_1 and the PS3DDR bit.

When the ISS11 bit in ISSR16 is cleared to 0 and the IRQ11E bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ11 input pin. To use as the IRQ11 input
pin, clear the P53DDR bit to 0.

RE 0 1

P53DDR 0 1 X

Pin function P53 input pin P53 output pin RxD1 input pin
TRQ11 input pin

[Legend] X: Don't care.

P52/IRQ10/TxD1

The pin function is switched as shown below according to the combination of the TE bit in
SCR of SCI_1 and the P52DDR bit.
When the ISS10 bit in ISSR16 is cleared to 0 and the IRQ10E bit in IER16 of the interrupt

controller is set to 1, this pin can be used as the IRQ10 input pin. To use as the IRQ10 input
pin, clear the P52DDR bit to 0.

TE 0 1

P52DDR 0 1 X

Pin function P52 input pin P52 output pin TxD1 output pin
TRQ10 input pin

[Legend] X: Don't care.
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e P51/IRQ9/RxDF

The pin function is switched as shown below according to the combination of the

enable/disable setting of the SCIF and the PS1DDR bit.

When the ISS9 bit in ISSR16 is cleared to 0 and the IRQ9E bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ9 input pin. To use as the IRQ9 input pin,

clear the PS1DDR bit to 0.
SCIF Disabled Enabled
P51DDR 0 1 X
Pin function P51 input pin P51 output pin RxDF input pin
IRQQ input pin

[Legend] X: Don't care.

e P50/IRQ8/TxDF

The pin function is switched as shown below according to the combination of the

enable/disable setting of the SCIF and the PSODDR bit.

When the ISS8 bit in ISSR16 is cleared to 0 and the IRQ8E bit in IER16 of the interrupt
controller is set to 1, this pin can be used as the IRQ8 input pin. To use as the IRQS8 input pin,

clear the PSODDR bit to 0.
SCIF Disabled Enabled
P50DDR 0 1 X
Pin function P50 input pin P50 output pin TxDF output pin
IRQ8 input pin
[Legend] X: Don't care.
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8.2.6 Port 6

Port 6 is an 8-bit I/O port. Port 6 pins can also function as the bidirectional data bus, PWMX
output, SCIF and SSU control input/output, and interrupt input pins. The pin functions change
according to the operating mode. In addition, port 6 pins can also be used as the extended data bus
pins (DO to DO). Port 6 has the following registers.

e Port 6 data direction register (P6DDR)
e Port 6 data register (P6DR)
e Port 6 pull-up MOS control register (P6PCR)

(1) Port 6 Data Direction Register (P6DDR)

The individual bits of PODDR specify input or output for the pins of port 6.

Bit Bit Name Initial Value R/W Description

7 P67DDR 0 w If port 6 pins are specified for use as the general I/O
& PooDdA 0 TR A
5 P65DDR 0 W when cleared to 0.

4 P64DDR 0 w

3 P63DDR 0 w ¢ Normal extended mode (16-bit bus)

2 P62DDR 0 w These bits have no effect on operation.

1 P61DDR 0 w e Other modes

0 P60DDR 0 W If port 6 pins are specified for use as the general

I/0 port, the corresponding pins function as output
port when the P6DDR bits are set to 1, and as
input port when cleared to 0.

Rev. 2.00 Aug. 20, 2008 Page 304 of 1198
REJ09B0403-0200 RENESAS



Section 8 /0O Ports

(2) Port 6 Data Register (P6DR)

P6DR stores output data for the port 6 pins.

Bit

Bit Name

Initial Value

R/W

Description

P67DR

0

R/W

P66DR

R/W

P65DR

R/W

Al OO | N

P64DR

o|o| oo

R/W

These bits store output data for the port 6 pins that
are used as the general output port.

If this register is read, the P6DR values are read for
the bits with the corresponding P6DDR bits set to 1.
For the bits with the corresponding PEDDR bits
cleared to 0, the pin states are read.

w

P63DR

R/W

P62DR

R/W

P61DR

R/W

P60DR

o|lo|oOo| oo

R/W

Normal extended mode (16-bit data bus)

Since the corresponding pins function as
bidirectional data bus pins, the value in these bits
has no effect on operation.

If this register is read, the P6DR values are read
for the bits with the corresponding P6DDR bits set
to 1. For the bits with the corresponding P6DDR
bits cleared to 0, 1 is read.

Other modes
These bits store output data for the port 6 pins
that are used as the general output port.

If this register is read, the P6DR values are read
for the bits with the corresponding P6DDR bits set
to 1. For the bits with the corresponding PEDDR
bits cleared to 0, the pin states are read.

RENESAS
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(3) Port 6 Pull-Up MOS Control Register (P6PCR)
P6PCR controls the port 6 built-in input pull-up MOSs.

Bit Bit Name Initial Value  R/W Description

7 P67PCR 0 R/W ¢ Normal extended mode (16-bit bus)

6 P66PCR 0 R/W This register has no effect on operation.

5 P65PCR 0 R/W e Other modes

4 P64PCR 0 R/W When the pins are in the input state, the
corresponding input pull-up MOS is turned on

3 P23PCR 0 R/W when a P6PCR bit is set to 1.

2 P62PCR 0 R/W

1 P61PCR 0 R/W

0 P60OPCR 0 R/W

(4) Pin Functions

(a) Normal Extended Mode

e 16-bit bus mode

Port pins 63 to 60 are automatically set to function as bidirectional data bus pins.
e §-bit bus mode

The operation is the same as that in single-chip mode.

(b) Address-Data Multiplex Extended M ode

The operation is the same as that in single-chip mode.
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(¢) Single-Chip Mode

Port 6 pins can operate as the PWMX output, SCIF and SSU control input/output, interrupt input,
or general I/O port pins. The relationship between register setting values and pin functions are as
follows.

e P67/ExIRQ8/SSCK

The pin function is switched as shown below according to the SCKS bit in SSCRH of the SSU
and the P67DDR bit. When the ISS8 bit in ISSR16 is set to 1, this pin can be used as the
ExIRQS8 input pin. To use as the EXIRQS input pin, clear the P67DDR bit to 0.

SCKS 0 1

P67DDR 0 1 X

Pin function P67 input pin P67 output pin SSCK I/O pin
ExIRQ8 input pin

[Legend] X: Don't care.

e P66/EXIRQY/SCS

The pin function is switched as shown below according to the CSS1 and CSSO0 bits in SSCRH
of the SSU and the P66DDR bit. When the 1SS bit in ISSR16 is set to 1, this pin can be used
as the EXIRQ9 input pin. To use as the EXIRQO input pin, clear the P66DDR bit to 0.

CSS1, CSSO0 00 01 or 1X

P66DDR 0 1 X

Pin function P66 input pin P66 output pin SCS I/0 pin
ExIRQQ input pin

[Legend] X: Don't care.
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e P65/ExIRQIO/RTS
The pin function is switched as shown below according to the combination of the
enable/disable setting of the SCIF and the P65DDR bit.
When the ISS10 bit in ISSR16 is set to 1, this pin can be used as the EXIRQ10 input pin. To
use as the ExXIRQ10 input pin, clear the P6SDDR bit to 0.

SCIF Disabled Enabled

P65DDR 0 1 X

Pin function P65 input pin P65 output pin RTS output pin
IRQ10 input pin

[Legend] X: Don't care.

e P64/ExIRQI1/CTS
The pin function is switched as shown below according to the combination of the
enable/disable setting of the SCIF and the P64DDR bit.
When the ISS10 bit in ISSR16 is set to 1, this pin can be used as the EXIRQ11 input pin. To
use as the ExXIRQ11 input pin, clear the P64DDR bit to 0.

SCIF Disabled Enabled

P64DDR 0 1 X

Pin function P64 input pin P64 output pin CTS input pin
TRQ11 input pin

[Legend] X: Don't care.

e P63/PWX3

The pin function is switched as shown below according to the combination of the OEB bit in
DACR and the PWMXS bit in PTCNTO of PWMX _1 and the P63DDR bit.

P63DDR 0 1 X
PWMXS 1 0 1 0

OEB X 0 X 1

Pin function P63 input pin P63 output pin PWX3 output pin
[Legend] X: Don't care.
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e P62/PWX2

The pin function is switched as shown below according to the combination of the OEA bit in
DACR and the PWMXS bit in PTCNTO of PWMX 1 and the P62DDR bit.

P62DDR 0 1

PWMXS 1 0 1 0

OEA X 0 X 1

Pin function P62 input pin P62 output pin PWX2 output pin

[Legend] X: Don't care.

e P61/IRQIS/PWX1

The pin function is switched as shown below according to the combination of the OEB bit in
DACR and the PWMXS bit in PTCNTO of PWMX_0 and the P61DDR bit. To use this pin as
the IRQ15 input pin, clear the P61DDR bit to 0.

P61DDR 0 1

PWMXS 1 0 1 0

OEB X 0 X

Pin function P61 input pin P61 output pin PWX1 output pin
IRQ15 input pin

[Legend] X: Don't care.

e P60/IRQ14/PWX1
The pin function is switched as shown below according to the combination of the OEA bit in
DACR and the PWMXS bit in PTCNTO of PWMX_0 and the P60DDR bit. To use this pin as
the IRQ14 input pin, clear the P6ODDR bit to 0.

P60DDR 0 1 X

PWMXS 1 0 1 0

OEA X 0 X

Pin function P60 input pin P60 output pin PWXO0 output pin
IRQ14 input pin

[Legend] X: Don't care.
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(5) Port 6 Input Pull-Up MOS

Port 6 has built-in input pull-up MOSs that can be controlled by software. Table 8.14 summarizes
the input pull-up MOS states.

Table8.14 Port 6 Input Pull-Up MOS States

Reset Hardware Standby Mode Software Standby Mode  In Other Operations
Off Off On/Off On/Off
[Legend]

Off: Always off.
On/Off: On when input state, PEDDR = 0, and P6PCR = 1; otherwise off.
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8.2.7 Port 7

Port 7 is an 8-bit input port. Port 7 pins can also function as the A/D converter analog input pins.
Port 7 has the following register.

e Port 7 input data register (P7PIN)
(1) Port 7 Input Data Register (P7PIN)

P7PIN indicates the states of the port 7 pins.

Bit Bit Name Initial Value R/W Description

7 P77PIN Undefined* R When this register is read, the pin states are read.

6 P76PIN Undefined* R Since this register is allocated to the same address as
s PTSPN_Undeinedt R [CLOR AN o e g e dta o PEDOR
4 P74PIN Undefined* R

3 P73PIN Undefined* R

2 P72PIN Undefined* R

1 P71PIN Undefined* R

0 P70PIN Undefined* R

Note: * The initial values are determined in accordance with the pin states of P77 to P70.
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(2) PinFunctions

Each pin of port 7 can also be used as the analog input pins of the A/D converter (ANO to AN7).

e P77/AN7

The pin function is switched as shown below according to the CH2 to CHO bits in ADCSR of
the A/D converter. Do not set these bits to other values than those shown in the following
table.

CH2 to CHO B'111 Other than B'111
Pin function AN7 input pin P77 input pin
e P76/ANG6

The pin function is switched as shown below according to the combination of the SCANE bit
in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set these bits to
other values than those shown in the following table.

SCANE 0 1

CH2 to CHO B'110 Other than B'110 | B'110to B'111 B'000 to B'101
Pin function ANB input pin P76 input pin ANG input pin P76 input pin
e P75/ANS

The pin function is switched as shown below according to the combination of the SCANE bit
in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set these bits to
other values than those shown in the following table.

SCANE 0 1
CH2 to CHO B'101 Other than B'101 | B'101 to B'111 B'000 to B'100
Pin function ANS5 input pin P75 input pin ANS5 input pin P75 input pin
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e P74/AN4

The pin function is switched as shown below according to the combination of the SCANE bit
in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set these bits to
other values than those shown in the following table.

SCANE 0 1

CH2 to CHO B'100 Other than B'100 | B'100 to B'111 B'000 to B'011
Pin function AN4 input pin P74 input pin AN4 input pin P74 input pin
e P73/AN3

The pin function is switched as shown below according to the combination of the SCANE and
SCANE bits in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set
these bits to other values than those shown in the following table.

SCANE 0 1

SCANS X 0 1

CH2 to CHO B'011 Other than B'011 Other than |B'011 to B'111|B'000 to B'010
B'011 B'011

Pin function ANS3 input pin | P73 input pin | AN3 input pin | P73 input pin | AN3 input pin | P73 input pin

[Legend] X: Don't care.

e P72/AN2

The pin function is switched as shown below according to the combination of the SCANE and
SCANE bits in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set
these bits to other values than those shown in the following table.

SCANE 0 1

SCANS X 0 1

CH2 to CHO B'010 Other than [B'010to B'011| Otherthan |B'010to B'111 B'000 to
B'010 B'010 to B'011 B'001

Pin function AN2 input pin| P72 input pin | AN2 input pin | P72 input pin | AN2 input pin | P72 input pin

[Legend] X: Don't care.
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e P71/ANI1

The pin function is switched as shown below according to the combination of the SCANE and
SCANS bits in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set
these bits to other values than those shown in the following table.

SCANE 0
SCANS 0
CH2 to CHO B'001 Other than B'001 to Other than B'001 to B'000
B'001 B'011 B'001 to B'111
B'011
Pin function ANT1 input pin | P71 input pin | AN1 input pin | P71 input pin | AN1 input pin | P71 input pin

[Legend] X: Don't care.

e P70/ANO

The pin function is switched as shown below according to the combination of the SCANE and
SCANS bits in ADCR and the CH2 to CHO bits in ADCSR of the A/D converter. Do not set
these bits to other values than those shown in the following table.

SCANE 0

SCANS 0 1

CH2 to CHO B'000 Other than B'000 to Other than B'000 to B'000 to B'111
B'000 B'011 B'011

Pin function ANO input pin | P70 input pin | ANO input pin P70 input pin ANO input pin

[Legend] X: Don't care.
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8.2.8 Port 8

Port 8 is an 8-bit I/O port. Port § pins can also function as the A/D converter external trigger input,
SCI_1 and SCI_3 input/output, IIC_0 and IIC_1 input/output, and interrupt input pins. Pins 83 to
80 perform the NMOS push-pull output. Port 8 has the following registers.

e Port 8§ data direction register (PSDDR)
e Port 8 data register (P8DR)

(1) Port 8 Data Direction Register (P8DDR)

The individual bits of PSDDR specify input or output for the port 8 pins.

Bit Bit Name Initial Value R/W Description

7 P87DDR 0 w If port 8 pins are specified for use as the general I/O

6 P86DDR 0 W port, the corresponding pins function as output port
when the P8DDR bits are set to 1, and as input port

5 P85DDR 0 W when cleared to 0.

4 P84DDR 0 w Since this register is allocated to the same address as

3 PS3DDR 0 W PBPIN, states of the port 8 pins are when this register
is read.

2 P82DDR 0 w

1 P81DDR 0 w

0 P8ODDR 0 w
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(2) Port 8 Data Register (P8DR)

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 R/W used as the general output port.

If this register is read, the P8DR values are read for
5 P8SDR 0 R/W the bits with the corresponding P8DDR bits set to 1.
4 P84DR 0 R/W  For the bits with the corresponding PBDDR bits
3 P83DR 0 R/w Cleared to 0, the pin states are read.
2 P82DR 0 R/W
1 P81DR 0 R/W
0 P8ODR 0 R/W

(3) Pin Functions
The relationship between register setting values and pin functions are as follows.

e P87/ExIRQI5/TxD3/ADTRG
The pin function is switched as shown below according to the combination of the TE bit in
SCR of SCI_3, the SMIF bit in SCMR, and the PS7DDR bit.
When the TRGS1 and EXTRGS bits are both set to 1 and the TRGSO bit is cleared to 0 in
ADCR of the A/D converter, this pin can be used as the ADTRG input pin.
When the ISS15 bit in ISSR16 is set to 1, this pin can be used as the EXIRQ15 input pin. To
use this pin as the ExXIRQ1S5 input pin, clear the PS7DDR bit to 0.

P87DDR 0 1
SMIF 0 1 0 1 0
TE 0 X 0 X
Pin function P87 input pin P87 output pin TxD3 output pin
ExIRQ15 input pin/
ADTRG input pin

[Legend] X: Don't care.
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e P86/ExIRQ14/RxD3

The pin function is switched as shown below according to the combination of the RE bit in
SCR of SCI_3, the SMIF bit in SCMR, and the P86DDR bit.

When the ISS14 bit in ISSR16 is set to 1, this pin can be used as the ExXIRQ14 input pin. To
use this pin as the ExXIRQ14 input pin, clear the PS6DDR bit to 0.

P86DDR 0 1

SMIF 1 0

RE 0 1 0

Pin function P86 input pin RxD3 input pin | RxD3 input/output pin P86 output pin
ExIRQ14 input pin

e P85/ExIRQ13/SCK1

The pin function is switched as shown below according to the combination of the C/A bit in
SMR of SCI_1, the CKE1 and CKEQO bits in SCR, and the PSSDDR bit.

When the ISS13 bit in ISSR16 is set to 1, this pin can be used as the ExXIRQ13 input pin. To
use this pin as the ExXIRQ13 input pin, clear the PSSDDR bit to 0.

CKEH1

0 1
C/A 0 1 X
CKEO 1 X X
P85DDR 0 1 X X X
Pin function P85 input pin P85 output | SCK1 output | SCK1 output | SCK1 input
ExIRQ13 input pin pin pin pin pin
[Legend] X: Don't care.
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o P84/ExIRQ12/SCK3

The pin function is switched as shown below according to the combination of the C/A bit in
SMR of SCI_3, the CKE1 and CKEO bits in SCR, and the P84DDR bit.

When the ISS12 bit in ISSR16 is set to 1, this pin can be used as the EXIRQ12 input pin. To
use this pin as the ExXIRQ12 input pin, clear the PS4DDR bit to 0.

CKEA1 0 1

C/A 0 1 X

CKEO 0 1 X X

P84DDR 0 1 X X X

Pin function P84 input pin P84 output SCKS output SCKS output SCKS input
ExIRQ12 input pin pin pin pin pin

[Legend] X: Don't care.

e P83/SDAI1

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of IIC_1 and the PS§3DDR 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, which allows direct bus drive.

ICE 0 1
P83DDR 0 1 X
Pin function P83 input pin P83 output pin SDAT1 input/output pin

[Legend] X: Don't care.
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P82/SCL1

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of IIC_1 and the P82DDR bit.

When this pin is used as the P82 output pin, the output format is NMOS push-pull output. The
output format for SCL1 is NMOS open-drain output, which allows direct bus drive.

ICE 0 1
P82DDR 0 1 X
Pin function P82 input pin P82 output pin SCL1 input/output pin

[Legend] X: Don't care.

e P8I/SDAO

The pin function is switched as shown below according to the combination of the ICE bit in

ICCR of IIC_0 and the P81DDR 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, which allows direct bus drive.

ICE 0 1
P81DDR 0 1 X
Pin function P81 input pin P81 output pin SDAQO input/output pin

[Legend] X: Don't care.

e P80/SCLO

The pin function is switched as shown below according to the combination of the ICE bit in

ICCR of IIC_0 and the PSODDR bit.

When this pin is used as the P80 output pin, the output format is NMOS push-pull output. The
output format for SCLO is NMOS open-drain output, which allows direct bus drive.

ICE 0 1
P80DDR 0 1 X
Pin function P80 input pin P80 output pin SCLO input/output pin
[Legend] X: Don't care.
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8.2.9 Port 9

Port 9 is an 8-bit I/O port. Port 9 pins can function as the bus control input/output pins. The pin
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)

(1) Port 9 Data Direction Register (P9DDR)

The individual bits of PODDR specify input or output for the port 9 pins.

Bit Bit Name Initial Value R/W Description

7 P97DDR 0 w If port 9 pins are specified for use as the general I/O
s posbon 0 o e coesenang o fnclr s sut st
5 P95DDR 0 W when cleared to 0.

4 P94DDR 0 W

3 P93DDR 0 W

2 P92DDR 0 W

1 P91DDR 0 W

0 P90DDR 0 W
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(2) Port 9 Data Register (P9DR)

PI9DR 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 port.

s_PooR o e e oo s e
4 P94DR 0 R/W  For the bits with the corresponding PO9DDR bits

3 P93DR 0 RIW cleared to 0, the pin states are read.

2 P92DR 0 R/W

1 P91DR 0 R/W

0 P90ODR 0 R/W

(3) Pin Functions

The relationship between register setting values and pin functions are as follows.

e PY97/WAIT/CS256

The pin function is switched as shown below according to the operating mode and the
combination of the CS256E bit in SYSCR, the WMSI bit in WSCR and the P97DDR bit.

Operating Extended mode Single-chip mode
mode
WMS1 0 1 X
CS256E 1 X X
P97DDR 0 1 X X 0 1
Pin function |P97 input pin| P97 output | CS256 output | WAIT input |P97 input pin| P97 output
pin pin pin pin
[Legend] X: Don't care.
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e P96
The pin function is switched as shown below according to the PO96DDR bit.
P96DDR 0
Pin function P96 input pin P96 output pin

e P95/AS/IOS

The pin function is switched as shown below according to the operating mode and the
combination of the IOSE bit in SYSCR and the P95DDR bit.

Operating Extended mode Single-chip mode

mode

P95DDR X 0 1

IOSE 0 1 X X

Pin function AS output pin 10S output pin P95 input pin P95 output pin

[Legend] X: Don't care.

e P94/ExPWXI1

The pin function is switched as shown below according to the combination of the OEB bit in
DACR and the PWMXS bit in PTCNTO of the PWMX_0 module and the P94DDR bit.

P94DDR 0 1 X
PWMXS 0 1 0 1 1
OEB 0 0 1
Pin function P94 input pin P94 output pin ExPWX1 output pin

[Legend] X: Don't care.

e P93/ExPWXO0

The pin function is switched as shown below according to the combination of the OEA bit in
DACR and the PWMXS bit in PTCNTO of the PWMX_0 module and the P93DDR bit.

P93DDR 0 1 X
PWMXS 0 0 1
OEA 0 0 1
Pin function P93 input pin P93 output pin ExPWXO0 output pin

[Legend] X: Don't care.
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e P92/HBE

The pin function is switched as shown below according to the operating mode, the OBE bit in
PTCNTO, and the P92DDR bit.

Operating Extended mode Single-chip mode

mode

OBE 1 X

P92DDR 0 1 X 0 1

Pin function P92 input pin | P92 output pin | HBE output pin| P92 input pin | P92 output pin

[Legend] X: Don't care.

e P9I/AH

The pin function is switched as shown below according to the operating mode, the ADMXE
bit in SYSCR2, and the P91DDR bit.

Operating Extended mode Single-chip mode

mode

ADMXE 0 1 X

P91DDR 0 1 X 0 1

Pin function P91 input pin | P91 output pin | AH output pin | P91 input pin | P91 output pin

[Legend] X: Don't care.

e P90/LBE

The pin function is switched as shown below according to the operating mode, the OBE bit in
PTCNTO, and the PO9ODDR bit.

Operating Extended mode Single-chip mode
mode
OBE 0 1 X
P90DDR 0 1 X 0 1
Pin function P90 input pin | P90 output pin | LBE output pin | P90 input pin | P90 output pin
[Legend] X: Don't care.
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8210 Port A

Port A is an 8-bit I/O port. Port A pins can also function as the address output, event counter input,
interrupt input, and EtherC control input/output pins. Port A has the following registers. PADDR
and PAPIN are allocated to the same address.

e Port A data direction register (PADDR)
e Port A output data register (PAODR)
e Port A input data register (PAPIN)

(1) Port A Data Direction Register (PADDR)

The individual bits of PADDR specify input or output for the port A pins.

Bit Bit Name Initial Value R/W Description

7 PA7DDR 0 w When set to 1, the corresponding pins function as

6 PAG6DDR 0 w output port pins; when cleared to 0, function as input
port pins.

5 PASDDR 0 w As the address of this register is the same as that of

4 PAADDR O w PAPIN, reading from this register indicates the state

3 PASDDR 0 w  ofportA.

2 PA2DDR 0 w

1 PA1DDR 0 w

0 PAODDR 0 w
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(2) Port A Output Data Register (PAODR)

PAODR stores output data for the port A pins.

Bit Bit Name Initial Value R/W Description

7 PA70DR 0 R/W PAODR stores output data for the port A pins that are
6 PAGODR 0 RIW used as the general output port.

5 PA50DR 0 R/W

4 PA40ODR 0 R/W

3 PABODR 0 R/W

2 PA20DR 0 R/W

1 PA1ODR 0 R/W

0 PAOODR 0 R/W

(3) Port A Input Data Register (PAPIN)

PAPIN indicates the states of the port A pins.

Bit Bit Name Initial Value R/W Description

7 PA7PIN Undefined* R Pin states are read from this register.

6 PAGPIN Undefined* R As the address of this register is the same as that of
5PASPIN Undeimedr R 100, N lo e regser canges e setins
4 PA4PIN Undefined* R

3 PA3PIN Undefined* R

2 PA2PIN Undefined* R

1 PA1PIN Undefined* R

0 PAOPIN Undefined* R

Note: * The initial values are determined in accordance with the pin states of PA7 to PAQ.
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(4) Pin Functions

The relationship between the operating mode, register setting values, and pin functions are as
follows.

(a) Normal Extended Mode

Port A pins can function as address output, interrupt input, event counter input, EtherC control
input/output, or I/O port pins, and input or output can be specified in bit units.

Address 18 and address 13 in the following tables are expressed by the following logical
expressions according to the control bits of the bus controller or other module.

Address 18 = 1: ADFULLE

Address 13 = 1: ADFULLE e CS256E ¢ IOSE

e PAT7/ExIRQ7/EVENT7/A23/EXOUT
The pin function is switched as shown below according to the setting of address 18 and the
PATDDR bit.
Setting the ISS7 bit in ISSR makes the pin to function as the EXIRQ7 input pin.

When using the pin as the EXIRQ7 input or an EVENT input pin, clear the PA7DDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PA7DDR bit to 1 when
using the pin as the PA7 or A23 output pin.

When the module stop mode is cleared in both the EtherC and E-DMAC, this pin functions as
the EXOUT output pin.

PA7DDR 0 1 1

Address 18 X 1 0

Pin function PA7 input pin PA7 output pin A23 output pin
ExIRQ7 input pin/EVENT? input pin

[Legend] X: Don't care.
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e PAG/EXIRQ6/EVENT6/A22/LNKSTA

The pin function is switched as shown below according to the setting of address 18 and the
PAG6DDR bit.

Setting the ISS6 bit in ISSR makes the pin to function as the ExXIRQ6 input pin.

When using the pin as the EXIRQG6 input, or an EVENT input pin, clear the PA6DDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PA6DDR bit to 1 when
using the pin as the PA6 or A22 output pin.

When the module stop mode is cleared in both the EtherC and E-DMAC, this pin functions as
the LNKSTA input pin.

PA6DDR 0 1 1

Address 18 1 0

Pin function PABG input pin PA6 output pin A22 output pin
ExIRQ6 input pin/EVENTS input pin

o PAS/EXIRQ5/EVENT5/A21/WOL
The pin function is switched as shown below according to the setting of the MPDE bit in
ECMR in EtherC, the address 18, and the PASDDR bit.
Setting the ISS5 bit in ISSR to 1 makes the pin function as the EXIRQS input pin.

When using the pin as the EXIRQS input, or an EVENT input pin, clear the PASDDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PASDDR bit to 1 when
using the pin as the A21 or PAS output pin.
When the module stop mode is cleared in both the EtherC and E-DMAC, this pin functions as
the WOL output pin.

MPDE 0
PA5DDR 0 1 1
Address 18 X 1 0
Pin function PAS5 input pin PA5 output pin A21 output pin
ExIRQ5 input pin/
EVENTS input pin
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e PA4/ExIRQ4/EVENT4/A20, PA3/EXIRQ3/EVENT3/A19, PA2/EXIRQ2/EVENT2/A18
The pin function is switched as shown below according to the setting of address 18 and the
PAnDDR bit.

Setting the ISSn bit in ISSR makes the pin to function as the ExXIRQn input pin.

When using the pin as the EXIRQn input or an EVENT input pin, clear the PAnDDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PAnDDR bit to 1 when
using the pin as the PAn or Am output pin.

PAnNDDR 0 1 1

Address 18 X 1 0

Pin function PAn input pin PAn output pin Am output pin
ExIRQn input pin/EVENTR input pin

[Legend]n =4 to 2, m =20 to 18, X: Don't care.

e PAI1/EXIRQI/EVENT1/A17, PAO/EXIRQO/EVENT0/A16
The pin function is switched as shown below according to the setting of address 13 and the
PAnDDR bit.
Setting the ISSn bit in ISSR makes the pin to function as the EXIRQn input pin.

When using the pin as the ExXIRQn input, clear the PAnDDR bit to 0. When using the pin as an
EVENT input pin, clear the PAnDDR bit to 0. Though the settings for the EVENT input pin
have been made, set the PAnDDR bit to 1 when using the pin as the PAn or Am output pin.

PAnDDR 0 1

Address 13 X 1 0

Pin function PAn input pin PAn output pin Am output pin
ExIRQn input pin/EVENTN input pin

[Legend] n=1,0;m=17, 16, X: Don't care.
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(b) Single-Chip Mode and Address-Data M ultiplex Extended Mode

Port A pins can also function as interrupt input, EtherC control input/output, and event counter
input pins.

PA7/EXIRQ7/EVENT7/EXOUT

The pin function is switched as shown below according to the PA7DDR bit.

Setting the ISS7 bit in ISSR makes the pin to function as the EXIRQ7 input pin.

When using this pin as the EXIRQ7 input or EVENT?7 input pin, clear the PA7DDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PA7DDR bit to 1 to use
the pin as the PA7 output pin.

When the module stop mode is cleared in both the EtherC and E-DMAC, this pin functions as
the EXOUT output pin.

PA7DDR

0 1

Pin function

PA7 input pin

PA7 output pin

ExIRQ?7 input pin/EVENT7 input pin

PAG/EXIRQ6/EVENT6/LNKSTA

The pin function is switched as shown below according to the PA6DDR bit.

Setting the ISS6 bit in ISSR makes the pin to function as the EXIRQG6 input pin.

When using this pin as the ExXIRQ6 input, or EVENT6 input pin, clear the PA6DDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PA6DDR bit to 1 to use
the pin as the PA6 output pin.

When the module stop mode is cleared in both the EtherC and E-DMAC, this pin functions as
the LNKSTA input pin.

PAGDDR 0 1

Pin function

PAG input pin PAG6 output pin

ExIRQ6 input pin/EVENTS input pin
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o PAS/EXIRQ5/EVENTS/WOL
The pin function is switched as shown below according to the setting of the and the PASDDR
bit.
Setting the ISS5 bit in ISSR makes the pin to function as the EXIRQS input pin.
When using this pin as the EXIRQS input, or EVENTS input pin, clear the PASDDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PASDDR bit to 1 to use
the pin as the PAS5 output pin.
When the module stop mode is cleared in both the EtherC and E-DMAC, this pin functions as
the WOL output pin.

PA5DDR 0 1

Pin function PAS5 input pin PAS5 output pin

ExIRQS5 input pin/EVENTS input pin

o PA4/ExIRQ4/EVENT4, PA3/EXIRQ3/EVENT3, PA2/EXIRQ2/EVENT?2,
PA1/ExXIRQI/EVENT1, PAO/EXIRQO/EVENTO

The pin function is switched as shown below according to the PAnDDR bit.

Setting the ISSn bit in ISSR makes the pin to function as the ExXIRQn input pin.

When using this pin as the ExXIRQn input or EVENTn input pin, clear the PAnDDR bit to 0.
Though the settings for the EVENT input pin have been made, set the PAnDDR bit to 1 to use
the pin as the PAn output pin.

PAnNDDR 0 1

Pin function PAnN input pin PAnN output pin

ExIRQn input pin/EVENTR input pin

[Legend] n=4t00

(5) Input Pull-Up MOS

Port A has built-in input pull-up MOSs that can be controlled by software. This input pull-up
MOS can be used in any operating mode, and can be specified as on or off on a bit-by-bit basis.

PAnDDR 0 1
PAnODR 1 0 X
PAn pull-up MOS ON OFF OFF
[Legend] n=71to0, X: Don't care.
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The input pull-up MOS is in the off state after a reset and in hardware standby mode. The prior
state is retained in software standby mode.

Table 8.15 summarizes the input pull-up MOS states.

Table8.15 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 PADDR = 0 and PAODR = 1; otherwise off.
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8211 PortB

Port B is an 8-bit I/O port. Port B pins can also function as the event counter input, de-bounced
input, and EtherC control input/output pins. The pin functions change according to the operating
mode. Port B has the following registers.

e Port B data direction register (PBDDR)

e Port B output data register (PBODR)

e Port B input data register (PBPIN)

¢ Noise canceler enable register (PABNCE)

¢ Noise canceler mode control register (PABNCMC)
¢ Noise cancel cycle setting register (NCCS)

(1) Port B Data Direction Register (PBDDR)
The individual bits of PBDDR specify input or output for the pins of port B.

Bit Bit Name Initial Value R/W Description

PB7DDR
PB6DDR
PB5DDR

7 W  When set to 1, the corresponding pins function as
6

5

4 PB4DDR

3

2

1

output port pins; when cleared to 0, function as input
port pins.

PB3DDR
PB2DDR
PB1DDR
0 PBODDR

olo|o|o|o|lo|o|o
=N N S I - -
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(2) Port B Output Data Register (PBODR)

PBDR stores output data for the port B pins.

Bit Bit Name Initial Value R/W Description

7 PB7DR 0 R/W PBODR stores output data for the port B pins that are
6 PB6DR 0 RIW used as the general output port.

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

(3) Port B Input Data Register (PBPIN)

PBPIN indicates the states of the port B pins.

Bit Bit Name Initial Value R/W Description

7 PB7PIN Undefined* R When this register is read, the pin states are read.

6 PB6PIN Undefined* R Since this register is allocated to the same address as
S PoPIN Unsenas 000 gIo s gl s dat o PECD"
4 PB4PIN Undefined* R

3 PB3PIN Undefined* R

2 PB2PIN Undefined* R

1 PB1PIN Undefined* R

0 PBOPIN Undefined* R

Note: * The initial values are determined in accordance with the pin states of PB7 to PBO.
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(4) Noise Canceler Enable Register (PABNCE)

P4BNCE enables or disables the noise canceler circuits of port 4 and port B pins in bit units.

Bit Bit Name Initial Value R/W Description
7to4 P47NCEto AlO R/W Bits for port 4 setting
P44NCE
3 PB3NCE 0 R/W Enables the noise canceler circuit for the corresponding
pin and the pin state is fetched into PBDR at the
2 PB2NCE 0 sampling cycle set by NCCS.
! PBINCE 0 RIW The operation changes according to the other control
0 PBONCE 0 R/W bits. See section 8.2.11 (7), Pin Functions, for details.

(5) Noise Canceler Mode Control Register (P4ABNCM C)

PABNCMC controls whether 1 or 0 is expected for the input signal to port 4 and port B in bit

units.
Bit Bit Name Initial Value R/W Description
7t04 P47NCMC Al 1 R/W Bits for port 4 setting
to
P44NCMC
3 PB3NCMC 1 R/W Expected value setting
2 PB2NCMC 1 R/W 1 expected: 1 is stored in the port data register while 1
1 PBINCMC 1 RIW is input stably.
0 PBONCMC 1 R/W 0 expected: 0 is stored in the port data register while 0

is input stably.
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(6) Noise Canceler Cycle Setting Register (NCCYS)

NCCS controls the sampling cycle of the noise cancelers.

Bit Bit Name

Initial Value R/W Description

7t03 —

Undefined R/W Reserved
Undefined value is read from these bits.

2 NCCK2
1 NCCK1
0 NCCKO

R/W These bits set the sampling cycle of the noise

0 R/W cancelers.

0 RWw ¢ When ¢ =34 MHz
000: 0.06 us /2 100: 963.8 us /32768
001: 0.94 us  ¢/32 101: 1.9 ms  ¢$/65536

010: 15.1 us  ¢/512 110: 3.9 ms  ¢/131072
011:240.9 ps $/8192 111: 7.7 ms  ¢/262144

At

012, 0/32, §/512, ¢/8192,
/32768, /65536,
/131072, 0/262144

I:":I Sampling clock selection

Pin input——| Latch

Y

Latch Latch -

Match
detection

circuit

At

Sampling clock

L L

Port data
register

Figure8.11 Noise Canceer Circuit
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PBn input

1 expected
PBnDR

0 expected
PBnDR

(n=31t00)

(7) Pin Functions

Figure8.12 Noise Canceler Operation

e PB7/EVENTI15/RM_RX-ER, PB6/EVENT14/RM_CRS-DV, PB5/EVENT13/RM_REF-CLK
PB4/EVENT12/RM_TX-EN
The pin function is switched as shown below according to the PBnDDR bit. When using this
pin as the EVENT input pin, clear the PBnDDR bit to 0. These pins can be used as EtherC I/O
pins when the EtherC is enabled.

EtherC, Either of them is stopped Both of them are
E-DMAC stopped
PBnDDR 0 1 X

Event Disabled Enabled X X
counter

Pin PBn input pin EVENTm input PBn output pin RM_xxxx
function pin EtherC I/O pin

[Legend] n=71to4, m=1510 8, X: Don't care.

Note: * See section 7.3, DTC Event Counter, for the event counter settings.
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e PB3/EVENTI11/DB3/RM_RXD1, PB2/EVENT10/DB2/RM_RXDO,
PB1/EVENTY9/DB1/RM_TXD1, PBO/EVENTS&/DB0O/RM_TXDO0O

The pin function is switched as shown below according to the combination of the module stop
state in the EtherC and E-DMAC and the PBnDDR bit.

EtherC, Either of them is stopped Both of them are
E-DMAC stopped
PBnDDR 0 1 X

Event Disabled Enabled X X
counter

PBnNCE 0 1 X X X

Pin PBn DBn EVENTm input PBn output pin RM_xxxx
function input input EtherC I/O pin

[Legend] n=3to 0, m=111to 8, X: Don't care.
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8212 PortC

Port C is an 8-bit I/O port. Port C pins can also function as the bus control output, and IIC_2,
IIC_3, and IIC_4 input/output pins. The output format of ports CO to C5 is NMOS push-pull
output. Port C has the following registers.

e Port C data direction register (PCDDR)
e Port C output data register (PCODR)
e Port C input data register (PCPIN)

(1) Port C Data Direction Register (PCDDR)

The individual bits of PCDDR specify input or output for the port C pins.

Bit Bit Name Initial Value R/W Description

7 PC7DDR 0 W When set to 1, the corresponding pins function as

6 PC6DDR 0 W output port pins; when cleared to 0, function as input
port pins.

5 PCSDDR 0 w Since this register is allocated to the same address as

4 PC4DDR 0 w PCPIN, states of the port C pins are returned when

3 PC3DDR 0 W this register is read.

2 PC2DDR 0 w

1 PC1DDR 0 w

0 PCODDR 0 w
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(2) Port C Output Data Register (PCODR)

PCODR stores output data for the port C pins.

Bit Bit Name Initial Value R/W Description

7 PC70DR 0 R/W  The PCODR register stores the output data for the
6 PC60ODR 0 R/W pins that are used as the general output port.

5 PC50DR 0 R/W

4 PC40ODR 0 R/W

3 PC30ODR 0 R/W

2 PC20DR 0 R/W

1 PC1ODR 0 R/W

0 PCOODR 0 R/W

(3) Port C Input Data Register (PCPIN)

PCPIN indicates the pin states of port C.

Bit Bit Name Initial Value R/W Description

7 PC7PIN Undefined* R When this register is read, the pin states are read.

6 PC6 PIN Undefined* R Since this register is allocated to the same address as
5 POSPIN Undened R TCODN AN s egstr e it 0 CDDR
4 PC4 PIN Undefined* R

3 PC3 PIN Undefined* R

2 PC2 PIN Undefined* R

1 PC1 PIN Undefined* R

0 PCO PIN Undefined* R

Note: The initial values are determined in accordance with the states of PC7 to PCO pins.
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(4) Pin Functions

(a) Normal Extended Mode and Address-Data Multiplex Extended M ode

Port C pins can also function as the bus control output and IIC_2, IIC_3, and IIC_4 input/output
pins. The relationship between register setting values and pin functions are as follows.

e PC7
The PC7 pin functions as a bus control output pin.
e PC6

When set for 16-bit bus width, the PC7 pin functions as a bus control output pin. When 8-bit
bus width, the pin function is the same as that in single-chip mode.

e PC5toPCO

The pin functions are the same as those in single-chip mode.
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(b) Single-Chip Mode

e PC7,PC6

The pin function is switched as shown below according to the PCnDDR bit.

PCnDDR

0

1

Pin function

PCn input pin

PCn output pin

[Legend] n=7,6

e PC5/SDA4

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_4 and the PC5DDR bit.

ICE 0 1
PC5DDR 0 1 X
Pin function PC5 input pin PC5 output pin SDA4 input/output pin

[Legend] X: Don't care.

e PC4/SCLA4

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_4 and the PC4DDR bit.

ICE 0 1

PC4DDR 0 1 X

Pin function PC4 input pin PC4 output pin SCL4 input/output pin
[Legend] X: Don't care.

e PC3/SDA3

The pin function is switched as shown below according to the combination of the ICE bit in

ICCR of the IIC_3 and the PC3DDR bit.

ICE 0 1

PC3DDR 0 1 X

Pin function PC3 input pin PC3 output pin SDAS input/output pin
[Legend] X: Don't care.
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e PC2/SCL3

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_3 and the PC2DDR bit.

ICE 0 1
PC2DDR 0 1 X
Pin function PC2 input pin PC2 output pin SCL3 input/output pin

[Legend] X: Don't care.

e PC1/SDA2

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_2 and the PC1DDR bit.

ICE 0 1
PC1DDR 0 1 X
Pin function PC1 input pin PC1 output pin SDA2 input/output pin

[Legend] X: Don't care.

e PC0/SCL2

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_2 and the PCODDR bit.

ICE 0 1

PCODDR 0 1 X

Pin function PCO input pin PCO output pin SCL2 input/output pin
[Legend] X: Don't care.
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8.2.13 PortD

Port D is an 8-bit I/O port. Port D pins can also function as the IIC_5 input/output and LPC
input/output pins. The output format of PD7 and PD6 pins is NMOS push-pull output. Port D has
the following registers.

e Port D data direction register (PDDDR)
e Port D output data register (PDODR)
e Port D input data register (PDPIN)

(1) Port D Data Direction Register (PDDDR)

The individual bits of PDDDR specify input or output for the port D pins.

Bit Bit Name Initial Value R/W Description

7 PD7DDR 0 w If port D pins are specified for use as the general 1/0
PD6DDR W port, the corresponding pins function as output port

6 6 0 when the PDDDR bits are set to 1, and as input port

5 PD5DDR 0 W when cleared to 0.

4 PD4DDR 0 W Since this register is allocated to the same address as

3 PD3DDR 0 W PDPIN, .the st.ates .of the port D pins are returned

when this register is read.

2 PD2DDR 0 W

1 PD1DDR 0 W

0 PDODDR 0 w
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(2) Port D Output Data Register (PDODR)

PDODR stores output data for the port D pins.

Bit Bit Name Initial Value R/W Description

7 PD70DR 0 R/W  The PCODR register stores the output data for the
6 PD6ODR 0 R/W pins that are used as the general output port.

5 PDSODR 0 R/W

4 PD4ODR 0 R/W

3 PD3ODR 0 R/W

2 PD20ODR 0 R/W

1 PD1IODR 0 R/W

0 PDOODR 0 R/W

(3) Port D Input Data Register (PDPIN)

PDPIN indicates the pin states of port D.

Bit Bit Name Initial Value R/W Description

7 PD7PIN Undefined* R When this register is read, the pin states are read.

6 PD6PIN Undefined* R Since this register is allocated to the same address as
5 PDGPIN_Undeinest R TCUDRA o egitrwiescta o PODOS
4 PD4PIN Undefined* R

3 PD3PIN Undefined* R

2 PD2PIN Undefined* R

1 PD1PIN Undefined* R

0 PDOPIN Undefined* R

Note: The initial values are determined in accordance with the states of PD7 to PDO pins.
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(4) Pin Functions

Port D pins can also function as the LPC input/output and IIC_5 input/output pins. The
relationship between register setting values and pin functions are as follows.

The LPC is disabled when all of the bits LPC1E, LPC2E, and LPC3E in HICRO and SCIFE in
HICRS are cleared to O.

e PD7/SDAS

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_5 and the PD7DDR bit.

ICE 0 1
PD7DDR 0 1 X
Pin function PD7 input pin PD7 output pin SDAS5 input/output pin

[Legend] X: Don't care.

e PD6/SCLS

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of the IIC_5 and the PD6DDR bit.

ICE 0 1
PD6DDR 0 1 X
Pin function PD6 input pin PD6 output pin SCL5 input/output pin

[Legend] X: Don't care.

e PD5/LPCPD

The pin function is switched as shown below according to the PDSDDR bit. This pin can be
used as the LPCPD input pin when the LPC is enabled.

LPC Disabled Enabled
PD5DDR 0 1 0
Pin function PD5 input pin PD5 output pin LPCPD input pin
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e PD4/CLKRUN

The pin function is switched as shown below according to the PD4DDR bit. This pin can be
used as the CLKRUN input pin when the LPC is enabled.

LPC Disabled Enabled
PD4DDR 0 1 0

Pin function PD4 input pin PD4 output pin CLKRUN input/output pin
e PD3/GA20

The pin function is switched as shown below according to the combination of the FGA20E bit
in HICRO of the LPC and the PD3DDR bit.

FGA20E 0 1
PD3DDR 0 1 0

Pin function PD3 input pin PD3 output pin GA20 output pin
e PD2/PME

The pin function is switched as shown below according to the combination of the PMEE bit in
HICRO of the LPC and the PD2DDR bit.

PMEE 0 1
PD2DDR 0 1 0

Pin function PD2 input pin PD2 output pin PME output pin
e PDI/LSMI

The pin function is switched as shown below according to the combination of the LSMIE bit in
HICRO of the LPC and the PD1DDR bit.

LSMIE 0 1
PD1DDR 0 1 0

Pin function PD1 input pin PD1 output pin LSMI output pin
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e PDO/LSCI

The pin function is switched as shown below according to the combination of the LSCIE bit in

HICRO of the LPC and the PDODDR bit.

LSCIE 0 1
PDODDR 0 1 0
Pin function PDO input pin PDO output pin LSCI output pin

(5) Input Pull-Up MOS

Port pins D5 to D0 have built-in input pull-up MOSs that can be controlled by software. This input
pull-up MOS can be used in any operating mode, and can be specified as on or off on a bit-by-bit

basis.
PDnDDR 0 1
PDnODR 1 0 X
PDn pull-up MOS ON OFF OFF

[Legend] n=51to00, X: Don't care.

The input pull-up MOS is in the off state after a reset and in hardware standby mode. The prior
state is retained in software standby mode.

Table 8.16 summarizes the input pull-up MOS states.

Table8.16 Port D 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 PDDDR = 0 and PDODR = 1; otherwise off.
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8.2.14 PortE

Port E is an 8-bit I/O port. Port E pins can also function as the LPC input/output pins. Port E has
the following registers.

e Port E data direction register (PEDDR)
e Port E output data register (PEODR)
e Port E input data register (PEPIN)

(1) Port E Data Direction Register (PEDDR)

The individual bits of PEDDR specify input or output for the port E pins.

Bit Bit Name Initial Value R/W Description

7 PE7DDR 0 w When set to 1, the corresponding pins function as

6 PE6DDR 0 w output port pins; when cleared to 0, function as input
port pins.

5 PESDDR 0 w Since this register is allocated to the same address as

4 PE4DDR 0 w PEPIN, states of the port E pins are returned when

3 PE3DDR O W this register is read.

2 PE2DDR 0 w

1 PE1DDR 0 W

0 PEODDR 0 w
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(2) Port E Output Data Register (PEODR)

PEODR stores output data for the port E pins.

Bit Bit Name Initial Value R/W Description

7 PE70ODR 0 R/W  The PEODR register stores the output data for the
6 PEGODR 0 RIW pins that are used as the general output port.

5 PE5ODR 0 R/W

4 PE4ODR 0 R/W

3 PE3ODR 0 R/W

2 PE20ODR 0 R/W

1 PE1ODR 0 R/W

0 PEOODR 0 R/W

(3) Port E Input Data Register (PEPIN)

PEPIN indicates the pin states of port E.

Bit Bit Name Initial Value R/W Description

7 PE7PIN Undefined* R When this register is read, the pin states are read.

6 PEG6PIN Undefined* R Since this register is allocated to the same address as
s PESPIN_Unseinest R TCO0R AN o e egae e dla 0 PEOOR
4 PE4PIN Undefined* R

3 PE3PIN Undefined* R

2 PE2PIN Undefined* R

1 PE1PIN Undefined* R

0 PEOPIN Undefined* R

Note: The initial value of these pins is determined in accordance with the state of pins PE7 to

PEO.
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(4) Pin Functions

Port E pins can also function as LPC input/output pins. The pin function is switched according to
whether the LPC module is enabled or disabled. The LPC is disabled when all of the bits LPC1E,

LPC2E, and LPC3E in HICRO and SCIFE in HICRS are cleared to O.

e PE7/SERIRQ

The pin function is switched as shown below according to whether the LPC is enabled or

disabled and the PE7DDR bit.

LPC Disabled Enabled
PE7DDR 0 1 X
Pin function PE7 input pin PE7 output pin SERIRQ input/output pin

[Legend] X: Don't care.

e PE6/LCLK

The pin function is switched as shown below according to whether the LPC is enabled or

disabled and the PE6DDR bit.

LPC Disabled Enabled
PE6DDR 0 1 X
Pin function PEB6 input pin PE6 output pin LCLK input pin

[Legend] X: Don't care.

e PES/LRESET

The pin function is switched as shown below according to whether the LPC is enabled or

disabled and the PESDDR bit.

LPC Disabled Enabled
PE5DDR 0 1 X

Pin function PES5 input pin PES5 output pin LRESET input pin
[Legend] X: Don't care.
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e PE4/LFRAME

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PE4DDR bit.

LPC Disabled Enabled
PE4DDR 0 1 X

Pin function PE4 input pin PE4 output pin LFRAME input pin
[Legend] X: Don't care.

e PE3/LAD3

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PE3DDR bit.

LPC Disabled Enabled
PE3DDR 0 1 X

Pin function PE3 input pin PE3 output pin LAD3 input/output pin
[Legend] X: Don't care.

e PE2/LAD2

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PE2DDR bit.

LPC Disabled Enabled
PE2DDR 0 1 X

Pin function PE2 input pin PE2 output pin LAD2 input/output pin
[Legend] X: Don't care.

e PEI1/LADI1

The pin function is switched as shown below according to whether the LPC is enabled or
disabled and the PE1DDR bit.

LPC Disabled Enabled
PE1DDR 0 1 X
Pin function PE1 input pin PE1 output pin LAD1 input/output pin

[Legend] X: Don't care.
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e PEO/LADO

The pin function is switched as shown below according to whether the LPC is enabled or

disabled and the PEODDR bit.

LPC Disabled Enabled
PEODDR 0 1 X
Pin function PEO input pin PEO output pin LADO input/output pin

[Legend] X: Don't care.
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8.2.15 PortF

Port F is a 3-bit I/O port. Port F pins can also function as the PWMX output and EtherC control
I/O pins. Port F has the following registers.

e Port F data direction register (PFDDR)
e Port F output data register (PFODR)
e Port F input data register (PFPIN)

(1) Port F Data Direction Register (PFDDR)

The individual bits of PFDDR specify input or output for the port F pins. PFDDR is initialized
only by a system reset, and retains the value even if an internal reset signal of the WDT is
generated.

Bit Bit Name Initial Value R/W Description

7 — — — Reserved

6 PF6DDR 0 W When set to 1, the corresponding pin functions as an
output port pin; when cleared to 0, functions as an
input port pin.

Since this register is allocated to the same address as
PFPIN, states of the port F pins are returned when
this register is read.

5to2 — — — Reserved

1 PF1DDR 0 w When set to 1, the corresponding pin functions as an
0 PFODDR 0 W _output port pin; when cleared to 0, functions as an
input port pin.

Since this register is allocated to the same address as
PFPIN, states of the port F pins are returned when
this register is read.
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(2) Port F Output Data Register (PFODR)

PFODR stores output data for the port F pins. PEODR is initialized only by a system reset, and
retains the value even if an internal reset signal of the WDT is generated.

Bit Bit Name Initial Value R/W Description
7 — — — Reserved
Undefined value is read from this bit.
6 PF6ODR 0 R/W  Stores the output data for the pin that is used as the
general output port.
5t02 — — — Reserved
Undefined values are read from these bits.
1 PFIODR 0 R/W  Store the output data for the pins that are used as the
0 PFOODR 0 R/W general output port.

(3) Port F Input Data Register (PFPIN)

PFPIN indicates the pin states of port F.

Bit Bit Name Initial Value R/W Description

7 — — — Reserved
Undefined value is read from this bit.

6 PF6PIN Undefined* R When this register is read, the pin states are read.
Since this register is allocated to the same address as
PFDDR, writing to this register writes data to PFDDR
and the port F setting is changed.

5t0o2 — — — Reserved
Undefined values are read from these bits.

1 PF1PIN Undefined* R When this register is read, the pin states are read.

0 PFOPIN Undefined* R Since this register is allocated to the same address as

PFDDR, writing to this register writes data to PFDDR
and the port F setting is changed.

Note: * The initial value of these pins is determined in accordance with the state of pins PF6,
PF1, and PFO.
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(4) Pin Functions

Port F is a 3-bit I/O port. Port F pins can also function as PWMX output pins and EtherC control
I/0O pins. The relationship between the register settings and the pin function is shown below.

e PF6/ExPWX2/RS14
The pin function is switched as shown below according to the combination of the OEA bit in
DACR, the PWMXS bit in PTCNTO of PWMX 1, and the PF6DDR bit.

PF6DDR 0 1 X
PWMXS 0 1 0 1 1
OEA X 0 X 0 1
Pin function PF6 input pin PF6 output pin ExPWX2 output pin

[Legend] X: Don't care.

e PFI/RS9/MDC
The pin function is switched as shown below according to the combination of the module stop

state in the EtherC and e-DMAC and the PF1DDR bit.

EtherC, E-DMAC Either of them is stopped Both of them are stopped
PF1DDR 0 1 X
Pin function PF1 input pin PF1 output pin MDC output pin

[Legend] X: Don't care.

e PF(0/RSO/MDIO
The pin function is switched as shown below according to the combination of the module stop

state in the EtherC and e-DMAC and the PFODDR bit.

EtherC, E-DMAC Either of them is stopped Both of them are stopped
PFODDR 0 1 X
Pin function PFO input pin PFO output pin MDIO input/output pin

[Legend] X: Don't care.
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8.3 Change of Peripheral Function Pins

The pin function assignments for the external interrupt inputs and 14-bit PWM timer outputs can
be changed between multiplexed I/O ports.

I/0O port pins for external interrupt inputs are changed by the setting of ISSR16 and ISSR. I/O port
pins for 14-bit PWM timer outputs are changed by the setting of PTCNTO0. A pin name of the
peripheral function after the assignment has been changed is indicated by adding ‘Ex’ at the head
of the original pin name. In each peripheral function description, the original pin name is used.

831 IRQ Sense Port Select Register 16 (ISSR16), IRQ Sense Port Select Register (I SSR)
ISSR16 and ISSR select pins for the IRQ15 to IRQO inputs.
e ISSR16

Bit Bit Name Initial Value R/W Description

15 ISS15 0 R/W 0: P61/IRQ15 is selected

1: P87/ExIRQ15 is selected
14 ISS14 0 R/W 0: P60/IRQ14 is selected

1: P86/ExIRQ14 is selected
13 ISS13 0 R/W 0: P55/IRQ13 is selected

1: P85/ExIRQ13 is selected
12 ISS12 0 R/W 0: P54/IRQ12 is selected

1: P84/ExIRQ12 is selected
11 ISS11 0 R/W 0: P53/IRQ11 is selected

1: P64/ExIRQ11 is selected
10 ISS10 0 R/W 0: P52/IRQ10 is selected

1: P65/ExIRQ10 is selected
9 ISS9 0 R/W 0: P51/IRQQ is selected

1: P66/ExIRQQ is selected
8 ISS8 0 R/W 0: P50/IRQ8 is selected

1: P67/ExIRQS8 is selected
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e ISSR
Bit Bit Name Initial Value R/W Description
7 ISS7 0 R/W 0: P47/IRQ7 is selected
1: PA7/ExIRQY is selected
6 ISS6 0 R/W 0: P46/IRQ6 is selected
1: PA6/ExIRQ6 is selected
5 ISS5 0 R/W 0: P45/IRQ5 is selected
1: PA5/EXIRQ5 is selected
4 ISS4 0 R/W 0: P44/IRQ4 is selected
1: PA4/ExIRQ4 is selected
3 ISS3 0 R/W 0: P43/IRQ3 is selected
1: PA3/ExIRQS is selected
2 1ISS2 0 R/W 0: P42/IRQ2 is selected
1: PA2/ExIRQ2 is selected
1 ISS1 0 R/W 0: P41/IRQ1 is selected
1: PA1/ExIRQ1 is selected
0 ISSO 0 R/W 0: P40/IRQO is selected
1: PAO/ExIRQO is selected
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8.3.2

Port Control Register 0 (PTCNTOQ)

PTCNTO selects pins for 14-bit PWM timer outputs and the control mode for external extension.

Bit

Bit Name

Initial Value

R/W

Description

7

SCPFSEL1

0

R/W

Controls the internal connection of TxD1 and RxD1
with the SCI_1 as the smart card interface.

0: TxD1 and RxD1 are not internally connected.
1: TxD1 and RxD1 are internally connected.

SCPFSEL3 0

R/W

Controls the internal connection of TxD3 and RxD3
with the SCI_3 as the smart card interface.

0: TxD3 and RxD3 are not internally connected.
1: TxD3 and RxDS3 are internally connected.

5,4

AllO

R/W

Reserved
The initial value should not be changed.

PWMXS

0

R/W

Selects pins for 14-bit PWM timer outputs.

0: P60/PWXO0, P61/PWX1, P62/PWX2, P63/PWX3
are selected

1: P93/ExPWXO0, P94/ExPWX1, PF6/ExPWX2,
PF3/ExPWX3* are selected

R/W

Reserved
The initial value should not be changed.

OBE

R/W

Selects glueless extension.
0: Control by RD, HWR, LWR

1: Control by RD, WR, HBE, LBE
(glueless extension)

R/W

Reserved
The initial value should not be changed.

Note: * The PF3/EXPWX3 pin is available only in the H8S/2472 Group.
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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 four 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
o FEight resolution settings

The resolution can be set to 1, 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 operation clocks (by combination of eight resolution settings and two base cycle
settings)

Figure 9.1 shows a block diagram of the PWM (D/A) module.

Internal clock

Internal data bus

¢
0/2, 0/64, 0/128, /256,
/1024, /4096, 0/16384 ‘

| Select clock I

Base cycle compare match A
PWXO0 <— Fine-adjustment pulse addition A Comparator AK___] DADRA K
PWX1 =— Base cycle compare match B

Fine-adjustment pulse addition B Comparator BK__] DADRB

Control
logic ﬂ

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

Figure9.1 PWMX (D/A) Block Diagram
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9.2 I nput/Output Pins

Table 9.1 lists the PWMX (D/A) module input and output pins.

Table9.1 Pin Configuration

Name Abbreviation 1/0 Function

PWMX output pin0  PWXO Output  PWM timer pulse output of PWMX_0 channel A
PWMX output pin 1 PWX1 Output  PWM timer pulse output of PWMX_0 channel B
PWMX output pin2  PWX2 Output  PWM timer pulse output of PWMX_1 channel A
PWMX output pin3  PWXS3 Output  PWM timer pulse output of PWMX_1 channel B

9.3 Register Descriptions

The PWMX (D/A) module has the following registers. For details on the module stop control
register, see section 28.1.3, Module Stop Control Registers H, L, and A (MSTPCRH, MSTPCRL,

MSTPCRA).

o PWMX (D/A) counter (DACNT)
e PWMX (D/A) data register A (DADRA)
e 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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931 PWMX (D/A) Counter (DACNT)

DACNT is a 14-bit readable/writable up-counter. The input clock is selected by the clock select
bit (CKS) in DACR. DACNT functions as the time base for both PWMX (D/A) channels. When a
channel operates with 14-bit precision, it uses all DACNT bits. When a channel operates with 12-
bit precision, 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 DACNT
Initial
Bit Bit Name Value R/W

Description

15t08 UC7to UCO AllO R/W

Lower Up-Counter

7to2 UC8toUC13 AllO R/W

Upper Up-Counter

1 — 1 R 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. The
DADR registers cannot be accessed in 8-bit units. The DADR registers should always be accessed
in 16-bit units. For details, see section 9.4, Bus Master Interface.

e DADRA
Initial
Bit Bit Name Value R/W

Description

15to2 DA13to DAO All1 R/W

D/A Data 13to 0

These bits set a digital value to be converted to an
analog value.

In each base cycle, the DACNT value is continually
compared with the DADR value to determine the duty
cycle of the output waveform, and to decide whether to
output a fine-adjustment pulse equal in width to the
resolution. To enable this operation, this register must be
set within a range that depends on the CFS bit. If the
DADR value is outside this range, the PWM output is
held constant.

A channel can be operated with 12-bit precision by fixing
DAO and DA1 to 0. The two data bits are not compared
with UC12 and UC13 of 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

Reserved
This bit is always read as 1 and cannot be modified.

Rev. 2.00 Aug. 20, 2008 Page 362 of 1198

REJ09B0403-0200

RENESAS



Section 9 14-Bit PWM Timer (PWMX)

Bit

DADRB

Bit Name

Initial
Value

R/W

Description

15to2 DA13to DAO All 1

R/W

D/A Data 13t0 0

These bits set a digital value to be converted to an
analog value.

In each base cycle, the DACNT value is continually
compared with the DADR value to determine the duty
cycle of the output waveform, and to decide whether to
output a fine-adjustment pulse equal in width to the
resolution. To enable this operation, this register must
be set within a range that depends on the CFS bit. If the
DADR value is outside this range, the PWM output is
held constant.

A channel can be operated with 12-bit precision by
fixing DAO and DA1 to 0. The two data bits are not
compared with UC12 and UC13 of DACNT.

CFS

R/W

Carrier Frequency Select

0: Base cycle = resolution (T) x 64
DA13 to DAO range = H'0100 to H'3FFF

1: Base cycle = resolution (T) x 256
DA13 to DAO range = H'0040 to H'3FFF

0

REGS

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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9.33

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

0

R/W

Reserved
The initial value should not be changed.

PWME

0

R/W

PWMX Enable

Starts or stops the PWM D/A counter (DACNT).
0: DACNT operates as a 14-bit up-counter

1: DACNT halts at H'0003

54

All'1

Reserved
These bits are always read as 1 and cannot be modified.

OEB

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, PWX3
pins) is disabled

1: PWMX (D/A) channel B output (at the PWX1, PWX3
pins) is enabled

OEA

R/W

Output Enable A

Enables or disables output on PWMX (D/A) channel A.

0: PWMX (D/A) channel A output (at the PWX0, PWX2
pin) is disabled

1: PWMX (D/A) channel A output (at the PWXO0, PWX2
pins) is enabled

0s

R/W

Output Select

Selects the phase of the PWMX (D/A) output.
0: Direct PWMX (D/A) output

1: Inverted PWMX (D/A) output

CKS

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
(t.o)

1: Operates at resolution (T) = system clock cycle time
(t,.) 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 of DACR select the operating speed.

Initial

Bit Bit Name Value R/W Description

7 PWCKX1B 0 R/W PWMX_1 Clock Select

6 PWCKX1A 0 R/W These bits select a clock cycle with the CKS bit of DACR
of PWMX_1 being 1.
See table 9.2.

5 PWCKX0B 0 R/W PWMX_0 Clock Select

4 PWCKX0A 0 R/W These bits select a clock cycle with the CKS bit of DACR
of PWMX_0 being 1.
See table 9.2.

3 PWCKX1C 0 R/W PWMX_1 Clock Select
This bit selects a clock cycle with the CKS bit of DACR of
PWMX_1 being 1.
See table 9.2.

2 — 0 R/W Reserved

_ R/W The initial value should not be changed.
0 PWCKX0C R/W PWMX_0 Clock Select

This bit selects a clock cycle with the CKS bit of DACR of
PWMX_0 being 1.

See table 9.2.

Table9.2 Clock Select of PWMX_1and PWMX_0

PWCKX0C  PWCKX0B
PWCKX1C PWCKX1B

PWCKXO0A
PWCKX1A 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.

e 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 in the register.

e 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 16 bits 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
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9.5 Operation

A PWM waveform like the one shown in figure 9.2 is output from the PWX pin. DA13 to DAO 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 DA13 to DAO 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 waveform output available.

1 conversion cycle
(T x 214 (= 16384))

t

Base cycle
(T x64 or T x 256)

S O I O I N
]

t

T: Resolution
m
T =Zt,(0S=0)
n=1

(When CFS =0, m = 256
When CFS =1, m = 64)

Figure9.2 PWMX (D/A) Operation

Table 9.3 summarizes the relationships between the CKS and CFS bit settings and the resolution,
base cycle, and conversion cycle. The PWM output remains fixed unless DA13 to DAO in DADR
contain 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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Table9.3  Settingsand Operation (Exampleswhen ¢ =34 MH2z)
PCSR Fixed DADR Bits
PWCKX0 Reso-
lution Conver-
PWCKX1 Bit Data :
T Base sion TL/TH Precision Conversion
. ™ o - o
C B A CKS (us) CFS Cycle Cycle (0S=0/0S =1) (Bits) S 3 & § cycler
— — — 0 0.03 0 1.88 us 481.88 us  Always low/high output 14 481.88 us
(9) DA13 to 0 = H'0000 to H'OOFF
531.3 kHz 12 0 0 120.47 ps
(Data value) x T
DA13t0 0= H0100 to H3FFF 10 0 0 0 0 3012us
1 7.53 ps 481.88 us  Always low/high output 14 481.88 us
DA13 to 0 =H'0000 to H'003F
132.8 kHz 12 0 0 120.47 ps
(Data value) x T
DA13t0 0 = H0040 to H3FFF 10 0 0 0 0 3012us
0o 0 o0 1 0.06 0 3.76 pus 0.964 ms  Always low/high output 14 0.964 ms
(9/2) DA13 to 0 = H'0000 to H'00FF
265.6 kHz 12 0 0 0.241ms
(Data value) x T
DA13t0 0= H0100 to H3FFF 10 0 0 0 0 0060ms
1 15.06 ps  0.964 ms  Always low/high output 14 0.964 ms
DA13 to 0 =H'0000 to H'003F
66.4 kHz 12 0 0 0.241ms
(Data value) x T
DA13t0 0 = H0040 to H3FFF 10 0 0 0 0 0060ms
0o 0 1 1 1.88 0 120.5ps  30.840 ms Always low/high output 14 30.840 ms
(¢/64) DA13 to 0 = H'0000 to H'00FF
8.3 kHz 12 0 0 7.710ms
(Data value) x T
DA13to 0 =H0100 to H3FFF 10 0 0 0 0 1928ms
1 4819 pus  30.840 ms Always low/high output 14 30.840 ms
DA13 to 0 =H'0000 to H'003F
2.1 kHz 12 0 0 7.710ms
(Data value) x T
DA13to 0 = H'0040 to H3FFF 10 0 0 0 0 1928ms
o 1 0 1 3.76 0 2409 pus  61.681 ms Always low/high output 14 61.681 ms
/12 DA13 to 0 = H'0000 to H'0OFF
(4/128) 4.2KHz 8to0 00t 12 0 0 15420ms
(Data value) x T
DA13to 0 =H0100 to H3FFF 10 0 0 0 0 385ms
1 963.8 us  61.681 ms Always low/high output 14 61.681 ms
DA13 t =H'0000 to H'003F
1.0 kHz 8to0 0010 HOOF 0 0 15420ms
(Data value) x T
10 0 0 0 0 3.855ms

DA13 to 0 = H'0040 to H'3FFF
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PCSR Fixed DADR Bits
PWCKX0 Reso-
lution Conver- -
PWCKX1 Bit Data f
_ T Base  sion TLTH Precision Conversion
. o N o o
C B A CKS (us) CFS Cycle  Cycle (0S=0/0S =1) (Bits) S 35 8 3 cycler
o 1 1 1 7.53 0 4819 us 123.36 ms Always low/high output 14 123.36 ms
(6/256) DA13 to 0 = H'0000 to H'00FF
2.1 kHz 12 0 0 30.84ms
(Data value) x T
DA13 to 0 = H'0100 to H'3FFF 10 0 0 0 0 771ms
1 1927.5 us 123.36 ms Always low/high output 14 123.36 ms
DA13 to 0 = H'0000 to H'003F
0.5 kHz © © 12 0 0 3084ms
(Data value) x T
DA13 to 0 = H'0040 to H'3FFF 10 0 0 0 0 771ms
1 0 0 1 30.12 0 1.93ms 493.45ms Always low/high output 14 493.45 ms
/1024 DA13 to 0 = H'0000 to H'OOFF
(4/1024) 518.8 Hz © © 12 0 0 12336ms
(Data value) x T
DA13 to 0 = H0100 to H'3FFF 10 0 0 0 0 3084ms
1 7.71ms  493.45ms Always low/high output 14 493.45 ms
DA13 to 0 = H'0000 to H'003F
129.7 Hz © © 12 0 0 12336ms
(Data value) x T
DA13 to 0 = H'0040 to H'3FFF 10 0 0 0 0 3084ms
1 0 1 1 12047 0 7.71ms 1974s Always low/high output 14 1.974s
/4096 DA13 to 0 = H'0000 to H'OOFF
(6/4096) 129.7 Hz © © 12 0 0 0493s
(Data value) x T
DA13 to 0 = H0100 to H'3FFF 10 0 0 0 0 0123s
1 30.84ms 1.974s Always low/high output 14 1974 s
DA13 to 0 = H'0000 to H'003F
32.4 Hz 12 0 0 0493s
(Data value) x T
DA13 to 0 = H0040 to H'3FFF 10 0 0 0 0 0123s
11 o 1 481.88 0 30.84ms 7.895s Always low/high output 14 7.895s
(4/16384) DA13 to 0 = H'0000 to H'00FF
32.4 Hz 12 0 0 1.974s
(Data value) x T
DA13 to 0 = H0100 to H'3FFF 10 0 0 0 0 049s
1 123.36 7.895s Always low/high output 14 7.895s
ms DA13 to 0 = H'0000 to H'003F
(Data value) x T
8.1 Hz 12 0 0 1.974s
DA13 to 0 = H'0040 to H'3FFF
10 0O 0 0 0 0493s

1 1 1 1  Seting — — — — — _ = = = —
prohibited

Note: * Indicates the conversion cycle when specific DA3 to DAO bits are fixed.
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1 conversion cycle

) tipss ) tiose
| |

«
| I Y

— I
o

) 1 T
tiq to fi3 tioss5 tLose

=t =t = =tpss = trose = TX 64
g+ to+ gt +pss+ toss =Ty

a. CFS = 0 [base cycle = resolution (T) x 64]

1 conversion cycle

tH ) to )

«
n

| ties ) teq
| |

— (!
T

tq to ts tie3 tieq

t=tp=tp=" =ty =tp, = Tx 256
ty+ to+tig+ - +lea+te=T,

b. CFS = 1 [base cycle = resolution (T) x 256]

Figure9.3 Output Waveform (OS =0, DADR correspondstoT))
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1 conversion cycle

tiq \ tro \ ] tioss | tiose

) 1 T
th tho ths thoss those

ti1 = tp = tg = - = tos5 = tipse = Tx 64
tht + thp + tyg + - + toss + tose = Th

a. CFS = 0 [base cycle = resolution (T) x 64]

1 conversion cycle

t ) tio ) - tiea i ties

T 1 T
ths tho thz thes thes

t=tp=tg=" =ty =t = Tx 256
thp+ o+ tyg + - + tyeg + tea = Thy

b. CFS = 1 [base cycle = resolution (T) x 256]

Figure9.4 Output Waveform (OS= 1, DADR correspondsto 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 CFES = 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 9.4 lists the locations of the additional pulses.

|DA13|DA12|DA11 |DA10|DA9 |DA8 | DA7 | DA6 | DA5 | DA4 | DA3 | DA2 | DA1 | DAO | CFS| —|

Duty cycle of base pulse 4\— Location of additional pulses 1 1

Figure9.5 D/A Data Register Configuration when CFS=1

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).
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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 9.4. 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:|_| No. 63

Base pulse
High width: 2/256 x (T)

Additional pulse output location

. Additional pulse
Base pulse 1/256 x (T)
L

2/256 x (T)

Figure9.6 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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Section 10 16-Bit Free-Running Timer (FRT)

This LSI has a 16-bit free-running timer (FRT).

10.1 Features

e Selection of four clock sources
— One of the three internal clocks (¢/2, ¢/8, or ¢/32) can be selected.
e Two independent comparators
e Counter clearing
— The free-running counters can be cleared on compare-match A.
e Three independent interrupts
— Two compare-match interrupts and one overflow interrupt can be requested independently.
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.
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Figure 10.1 is a block diagram of the FRT.

Internal clock

o2 OCRAR/F

/8
/32

Clock selector Clock

Compare-match A

Comparator A

Overflow

Clear

Compare-match B

y
]

Control logic

——————=OCIA
——— > OCIB Interrupt signal
FOVI

[Legend]
OCRA, OCRB: Output compare registers A and B (16 bits)
OCRAR,OCRAF: Output compare registers AR and AF (16 bits)

FRC: Free-running counter (16 bits)

TCSR: Timer control/status register (8 bits)

TIER: Timer interrupt enable register (8 bits)

TCR: Timer control register (8 bits)

TOCR: Timer output compare control register (8 bits)

Module data bus

Bus interface

Internal data bus

<

Figure10.1 Block Diagram of 16-Bit Free-Running Timer
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10.2 Register Descriptions
The FRT has the following registers.

e Free-running counter (FRC)

e Qutput compare register A (OCRA)

e Output compare register B (OCRB)

e Output compare register AR (OCRAR)
e Output compare register AF (OCRAF)
e 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 and OCRB share the same address. Register selection is controlled by the OCRS
bit in TOCR.

10.21  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 overflow flag bit (OVF) 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.

10.2.2  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 corresponding output compare flag (OCFA or OCFB) is
set to 1 in TCSR. OCR should always be accessed in 16-bit units; cannot be accessed in 8-bit
units. OCR is initialized to H'FFFF.
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10.2.3 Output Compare Registers AR and AF (OCRAR and OCRAF)

OCRAR and OCRAF are 16-bit readable/writable registers. They are accessed when the ICRS bit
in TOCR is set to 1. 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 1st 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.

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.
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10.24 Timer Interrupt Enable Register (TIER)

TIER enables and disables interrupt requests.

Bit Bit Name

Initial
Value

R/W

Description

7to04 —

All O

R

Reserved
These bits are always read as 0 and cannot be modified.

3 OCIAE

R/W

Output Compare Interrupt A Enable

Selects whether to enable output compare interrupt A
request (OCIA) when output compare flag A (OCFA) in
TCSRis setto 1.

0: OCIA requested by OCFA is disabled
1: OCIA requested by OCFA is enabled

2 OCIBE

R/W

Output Compare Interrupt B Enable

Selects whether to enable output compare interrupt B
request (OCIB) when output compare flag B (OCFB) in
TCSRis setto 1.

0: OCIB requested by OCFB is disabled
1: OCIB requested by OCFB is enabled

1 OVIE

R/W

Timer Overflow Interrupt Enable

Selects whether to enable a free-running timer overflow
request interrupt (FOVI) when the timer overflow flag
(OVF)in TCSRis setto 1.

0: FOVI requested by OVF is disabled
1: FOVI requested by OVF is enabled

Reserved
This bit is always read as 0 and cannot be modified.
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10.25 Timer Control/Status Register (TCSR)

TCSR is used for counter clear selection and control of interrupt request signals.

Initial
Bit Bit Name  Value R/W Description
7to4 — AllO R Reserved
These bits are always read as 0 and cannot be modified.
3 OCFA 0 R/(W)* Output Compare Flag A

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 0 R/(W)* Output Compare Flag B
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 0 R/(W)* Overflow 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 0 R/W Counter Clear A

Selects whether the FRC is to be cleared on compare-
match A (when the FRC and OCRA values match).

0: FRC clearing is disabled
1: FRC is cleared on compare-match A

Note: * Only 0 can be written to clear the flag.
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10.26 Timer Control Register (TCR)

TCR selects the rising or falling edge of the input capture signals, enables the input capture buffer
mode, and selects the FRC clock source.

Initial
Bit Bit Name Value R/W Description
7to2 — AllO R Reserved
These bits are always read as 0 and cannot be modified.
CKSH1 0 R/W Clock Select 1 and 0
0 CKSO0 0 R/W Select clock source for FRC.

00: ¢/2 internal clock source
01: ¢/8 internal clock source
10: ¢/32 internal clock source
11: Reserved
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10.2.7 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, and controls the OCRA operating modes.

Initial
Bit Bit Name Value R/W

Description

7 — 0 R

Reserved
This bit is always read as 0 and cannot be modified.

6 OCRAMS o0 R/W

Output Compare A Mode Select

Specifies whether OCRA is used in the normal operating
mode or in the operating mode using OCRAR and
OCRAF.

0: The normal operating mode is specified for OCRA

1: The operating mode using OCRAR and OCRAF is
specified for OCRA

5 ICRS 0 R/W

Input Capture Register Select

Controls the access to OCRAR and OCRAF.
0: Access is disabled

1: Access is enabled

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

3to0 — AllO R

Reserved
These bits are always read as 0 and cannot be modified.
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10.3  Operation Timing

10.3.1 FRCIncrement Timing

Figure 10.2 shows the FRC increment timing with an internal clock source.

LN I e o 6 I S O
Internal clock —l\ . | |\
FRC input | | | |
clock 4 45
FRC N-1 X N X N+t

Figure 10.2 Increment Timing with Internal Clock Source

10.3.2 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). Figure 10.3 shows the timing of this operation
for compare-match A.

FRC N X N+1 N X N+1

OCRA N N

Compare-match I_l I_l
A signal 4

Figure 10.3 Timing of Output Compare A Output
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10.3.3 FRC Clear Timing

FRC can be cleared when compare-match A occurs. Figure 10.4 shows the timing of this
operation.

¢ S [ A B S O S A A A
Compare-match I_l
A signal 1

FRC N X H'0000

Figure 10.4 Clearing of FRC by Compare-Match A Signal

10.34 Timing of Output Compare Flag (OCF) 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 value match, the compare-match signal is not generated until the next
cycle of the clock source. Figure 10.5 shows the timing of setting the OCFA or OCFB flag.

¢ J L L

FRC N X N+1

OCRA, OCRB N

Compare-match | |
signal \

OCFA, OCFB

Figure10.5 Timing of Output Compare Flag (OCFA or OCFB) Setting
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10.35 Timing of FRC Overflow Flag (OVF) Setting

The FRC overflow flag (OVF) is set to 1 when FRC overflows (changes from H'FFFF to H'0000).
Figure 10.6 shows the timing of setting the OVF flag.

: J o b B b B L

FRC HFFFF X H'0000

Overflow signal |

OVF

Figure10.6 Timing of Overflow Flag (OVF) Setting
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10.3.6  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 10.7 shows the OCRA write timing.

‘ JoL O b b L

FRC N X N +1
OCRA N X N+A
OCRAR, OCRAF A

Compare-match
signal | |

Figure10.7 OCRA Automatic Addition Timing

10.4  Interrupt Sources

The free-running timer can request three interrupts: OCIA, OCIB, and FOVI. Each interrupt can
be enabled or disabled by an enable bit in TIER. Independent signals are sent to the interrupt
controller for each interrupt. Table 10.1 lists the sources and priorities of these interrupts.

The OCIA and OCIB interrupts can be used as the on-chip DTC activation sources.

Table10.1 FRT Interrupt Sources

Interrupt Interrupt Source Interrupt Flag DTC Activation Priority
OCIA Compare match of OCRA OCFA Possible High
OCIB Compare match of OCRB OCFB Possible

FOVI Overflow of FRC OVF Not possible Low
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10.5 Usage Notes

10.5.1 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 10.8 shows the timing for this type of
conflict.

Write cycle of FRC
Tq To

-l
[

1
|
Address x FRC address X

Internal write
signal

Counter clear
signal

FRC N X H'0000

Figure10.8 Conflict between FRC Write and Clear
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10.5.2 Conflict between FRC Write and I ncrement

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 10.9 shows the timing for this type of conflict.

Write cycle of FRC

| T4 ! T2 |
| | |

Address x FRC address X

Internal write
signal

FRC input
clock

FRC N X M
A

Write data

Figure10.9 Conflict between FRC Write and Increment
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10.5.3 Conflict 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 10.10 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 10.11 shows the timing of this type of
conflict.

Write cycle of OCR
Tq To

1
|
Address x OCR address X

Internal write

signal
FRC N X N +1
OCR N X M
£
Write data
Compare-match Tt '
signal ; ™~

Disabled

Figure10.10 Conflict between OCR Write and Compare-Match
(When Automatic Addition Function is Not Used)
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o L L L L

address ) OCRAR(OCRAP) Y

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.

Figure10.11 Conflict between OCR Write and Compare-Match
(When Automatic Addition Function is Used)

10.54  Switching of Internal Clock and FRC Operation

When the internal clock is changed, the changeover may source FRC to increment. This depends
on the time at which the clock is switched (bits CKS1 and CKSO are rewritten), as shown in table
10.2.

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 10.2, 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 source FRC to increment.
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Table 10.2 Switching of Internal Clock and FRC Operation

Timing of Switchover
by Means of CKS1

No. and CKSO Bits FRC Operation
1 Switching from Clock before | | |
low to low switchover !
Clock after
switchover

FRC clock |_|
FRC N X

CKS bit rewrite

2 Switching from Clock before I_l I |
switchover

low to high

Clock after
switchover

FRC clock |_| |_|
FRC N X N+1 X N+2 X
'

CKS bit rewrite

3 Switching from Clock before I_l I
switchover

high to low

Clock after
switchover

FRC clock

FRC

CKS bit rewrite
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Timing of Switchover
by Means of CKS1

No. and CKSO Bits FRC Operation
itchi Clock bef i
© geweton g T T LT
Clock after
switchover

FRC clock |_| |_|
FRC N X N+1 X N+2 X

CKS bit rewrite

Note: * Generated because the switchover is assumed to take place on a falling edge, and
FRC is incremented.
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Section 11 8-Bit Timer (TMR)

This LSI has two channels of 8-bit timer modules (TMR_0 and TMR_1) which operate on the 8-
bit counter.

This LSI also has two channels of similar 8-bit timer modules (TMR_Y and TMR_X).

11.1 Features

e Selection of clock sources
— TMR_0, TMR_1: The counter input clock can be selected from six internal clocks.
— TMR_Y, TMR_X: The counter input clock can be selected from three internal clocks.
e Selection of two ways to clear the counters
— The counters can be cleared on compare-match A and compare-match B.
e (Cascading of TMR_0 and TMR_1

(Cascading of TMR_Y and TMR_X is not allowed)

— Operation as a 16-bit timer can be performed using TMR_0 as the upper half and TMR_1
as the lower half (16-bit count mode). TMR_1 can be used to count TMR_0 compare
match occurrences (compare-match count mode).

e Multiple interrupt sources for each channel

— TMR_0, TMR_1, TMR_Y and TMR_X: Three interrupts: Compare-match A,

compare-match B, and overflow
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Figures 11.1 and 11.2 are block diagrams of 8-bit timers.

[Legend]
TCORA_O:
TCORB_O0:
TCNT_O:
TCSR_O:
TCR_O:

Internal clock

TMR_0

/2, 0/8, 0/32, /64, §/256, /1024

TMR_1

0/2, 0/8, 0/64, $/128, ¢/1024, $/2048

Clock 1

Clock 0

Select clock

Compare match A1

[ Tcora o

TCORA 1 K

\

\

Compare match AQ

i Comparator A_0

Comparator A_1 |

Al

n

Overflow 1 r
Overflow 0 | TCNT_O TCNT_1
Clear 0
/ Clear 1 / ‘ ’

Compare match B1

Control logic

Compare match BO

Interrupt signals
CMIAO

— CMIBO

—0VvIo
— CMIA1
————————= CMIB1

—————=0vi

Time constant register A_0
Time constant register B_0

Timer counter_0

Timer control/status register_0
Timer control register_0

i Comparator B_0 I:' Comparator B_1 |

[ TcorB 0 | TCORB1 KT

> TCSRoO [ TCSR

TCRO [

TCR_1

TCORA_1: Time constant register A_1
TCORB_1: Time constant register B_1
Timer counter_1
Timer control/status register_1
Timer control register_1

TCNT_1:
TCSR_1:
TCR_1:

| —

K
K

Internal bus

Figure11.1 Block Diagram of 8-Bit Timer (TMR_0Oand TMR_1)
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Internal clock
TMR_X

b, ¢/2, ¢4
TMR_Y

Clock X

0/4, /256, (/2048

Clock Y

Select clock

Compare match AX

[ Tcora_y IJ_'| TCORA1_X K

\ Y

Compare match AY

| Comparator A_Y Comparator A_X |

Overflow X

r'g

Overflow Y

[ tonty | Tontx K

ClearY f

Clear X

Control logic
Compare match BX

Internal bus

Compare match BY

| Comparator B_Y I:' Comparator B_X |

N A

[ Tcoms.y TCORB_X

H ——

> TCORY | TosRx KT

| TcRY TCR_X

H ——

Interrupt signals

L CMIAX

— CMIBX

— OVIX

—— CMIAY

——— > CMIBY

———— OVIY

[Legend]

TCORA_Y: Time constant register A_Y
TCORB_Y: Time constant register B_Y
TCNT_Y: Timer counter_Y

TCSR_Y:  Timer control / status register_Y
TCR_Y: Timer control register_Y

TCORA_X: Time constant register A_X
TCORB_X: Time constant register B_X
TCNT_X: Timer counter_X

TCSR_X: Timer control / status register_X
TCR_X: Timer control register_X
TCORC: Tme constant registerC

Figure11.2 Block Diagram of 8-Bit Timer (TMR_Y and TMR_X)
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11.2 Register Descriptions

The TMR has the following registers for each channel. For details on the serial timer control
register, see section 3.2.3, Serial Timer Control Register (STCR).

e Timer counter (TCNT)

e Time constant register A (TCORA)

e Time constant register B (TCORB)

e Timer control register (TCR)

e Timer control/status register (TCSR)

e Timer connection register S (TCONRS)*

Notes: Some of the registers of TMR_X and TMR_Y use the same address. The registers can
be switched by the TMRX/Y bit in TCONRS.

* TCONRS is only provided for TMR_X

11.21  Timer Counter (TCNT)

Each TCNT is an 8-bit readable/writable up-counter. TCNT_0 and TCNT_1 comprise a single 16-
bit register, so they can be accessed together by word access. The clock source is selected by the
CKS2 to CKSO bits in TCR. TCNT can be cleared by a 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.

TCNT_Y can be accessed when the TMRX/Y bit in TCONRS is 1. TCNT_X can be accessed
when the TMRX/Y bit in TCONRS is 0. See section 11.2.6, Timer Connection Register S
(TCONRYS).
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11.2.2 TimeConstant Register A (TCORA)

TCORA is an 8-bit readable/writable register. TCORA_0 and TCORA_1 comprise a single 16-bit
register, so they can be accessed together by word access. TCORA is continually compared with
the value in TCNT. When a match is detected, the corresponding compare-match flag A (CMFA)
in TCSR is set to 1. However, comparison is disabled during the T2 state of a TCORA write cycle.
TCORA is initialized to H'FF.

TCORA_Y can be accessed when the TMRX/Y bit in TCONRS is 1. TCORA_X can be accessed
when the TMRX/Y bit in TCONRS is 0. See section 11.2.6, Timer Connection Register S
(TCONRS).

11.23 Time Constant Register B (TCORB)

TCORSB is an 8-bit readable/writable register. TCORB_0 and TCORB_ 1 comprise a single 16-bit
register, so they can be accessed together by word access. TCORB is continually compared with
the value in TCNT. When a match is detected, the corresponding compare-match flag B (CMFB)
in TCSR is set to 1. However, comparison is disabled during the T2 state of a TCORB write cycle.
TCORB is initialized to HFF.

TCORB_Y can be accessed when the TMRX/Y bit in TCONRS is 1. TCORB_X can be accessed
when the TMRX/Y bit in TCONRS is 0. See section 11.2.6, Timer Connection Register S
(TCONRYS).
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11.24 Timer Control Register (TCR)

TCR selects the TCNT clock source and the condition by which TCNT is cleared, and
enables/disables interrupt requests.

TCR_Y can be accessed when the TMRX/Y bit in TCONRS is 1. TCR_X can be accessed when
the TMRX/Y bit in TCONRS is 0. See section 11.2.6, Timer Connection Register S (TCONRS).

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

6 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

5 OVIE

R/W

Timer Overflow Interrupt Enable

Selects whether the OVF interrupt request (OVI) is
enabled or disabled when the OVF flag in TCSR is set to
1.

0: OVF interrupt request (OVI) is disabled
1: OVF interrupt request (OVI) is enabled

CCLR1
3 CCLRoO

R/W
R/W

Counter Clear 1 and 0

Specify the clearing conditions of TCNT.

00: Counter clear is disabled

01: Counter clear is enabled on compare-match A
10: Counter clear is enabled on compare-match B
11: Setting prohibited

2to 0 CKS2to
CKSo0

AllO

R/W

Clock Select2to 0

Select the clock input to TCNT and count condition,
together with the ICKS1 and ICKSO bits in STCR. For
details, see table 11.1.
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Table11.1 (1) Clock Input to TCNT and Count Condition (TMR_0)

TCR STCR

CKS2 CKS1 CKSO ICKSO

Description

0 0 0 X 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 X Increments at overflow signal from TCNT_1*

1 0 1 X Setting prohibited

1 1 X X Setting prohibited

Note: * If the TMR_O clock input is set as the TCNT_1 overflow signal and the TMR_1 clock
input is set as the TCNT_0 compare-match signal simultaneously, a count-up clock
cannot be generated. Simultaneous setting of these conditions should be avoided.

[Legend] X: Don't care
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Table11.1(2) Clock Input to TCNT and Count Condition (TMR_1)

TCR STCR
CKS2 CKS1 CKSO0 ICKS1 Description
0 0 0 X 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 ¢/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 X Increments at compare-match A from TCNT_0*
1 0 1 X Setting prohibited
1 1 X X Setting prohibited

Note: * If the TMR_O clock input is set as the TCNT_1 overflow signal and the TMR_1 clock
input is set as the TCNT_0 compare-match signal simultaneously, a count-up clock
cannot be generated. Simultaneous setting of these conditions should be avoided.

[Legend] X: Don't care

Table11.1(3) Clock Input to TCNT and Count Condition (TMR_X, TMR_Y)

TCR
Channel CKS2 CKS1 CKSO0 Description
TMR_Y 0 0 0 Disables clock input
0 0 1 Increments at falling edge of internal clock ¢/4
0 1 0 Increments at falling edge of internal clock ¢/256
0 1 1 Increments at falling edge of internal clock $/2048
1 X X Setting prohibited
TMR_Y 0 0 0 Disables clock input
0 0 1 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 X X Setting prohibited
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11.25 Timer Control/Status Register (TCSR)

TCSR indicates the status flags and controls compare-match output. See section 11.2.6, Timer
Connection Register S (TCONRS) for details on the TCSR_Y and TCSR_X accesses.

e TCSR_O

Bit Bit Name

Description

7 CMFB Compare-Match Flag B
[Setting condition]
When the values of TCNT_0 and TCORB_0 match
[Clearing condition]
Read CMFB when CMFB = 1, then write 0 in CMFB
6 CMFA Compare-Match Flag A
[Setting condition]
When the values of TCNT_0 and TCORA_0 match
[Clearing condition]
Read CMFA when CMFA = 1, then write 0 in CMFA
5 OVF Timer Overflow Flag
[Setting condition]
When TCNT_0 overflows from H'FF to H'00
[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF
4 ADTE A/D Trigger Enable
Selects whether the A/D conversion start request on
compare match A is enabled or disabled.
0: A/D conversion start request is disabled
1: A/D conversion start request is enabled
3to0 — Reserved

These bits are always read as 1 and cannot be modified.

Note: * Only 0 can be written to clear the flag.
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e TCSR_1
Initial
Bit Bit Name Value R/W Description
7 CMFB 0 R/(W)* Compare-Match Flag B

[Setting condition]

When the values of TCNT_1 and TCORB_1 match
[Clearing condition]

Read CMFB when CMFB = 1, then write 0 in CMFB

6 CMFA 0 R/(W)* Compare-Match Flag A
[Setting condition]
When the values of TCNT_1 and TCORA_1 match
[Clearing condition]
Read CMFA when CMFA = 1, then write 0 in CMFA

5 OVF 0 R/(W)* Timer Overflow Flag
[Setting condition]
When TCNT_1 overflows from H'FF to H'00
[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

4t00 — All 1 R Reserved
These bits are always read as 1 and cannot be modified.

Note: * Only 0 can be written to clear the flag.
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e TCSR_Y
This register can be accessed when the TMRX/Y bit in TCONRS is 1.
Initial
Bit Bit Name Value R/W Description
7 CMFB 0 R/(W)* Compare-Match Flag B

[Setting condition]

When the values of TCNT_Y and TCORB_Y match

[Clearing condition]

Read CMFB when CMFB = 1, then write 0 in CMFB
6 CMFA 0 R/(W)* Compare-Match Flag A

[Setting condition]

When the values of TCNT_Y and TCORA_Y match

[Clearing condition]

Read CMFA when CMFA = 1, then write 0 in CMFA
5 OVF 0 R/(W)* Timer Overflow Flag

[Setting condition]

When TCNT_Y overflows from H'FF to H'00

[Clearing condition]

Read OVF when OVF = 1, then write 0 in OVF
4t00 — All 1 R Reserved

These bits are always read as 1 and cannot be modified.

Note: * Only 0 can be written to clear the flag.
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e TCSR_X
This register can be accessed when the TMRX/Y bit in TCONRS is 0.
Initial
Bit Bit Name  Value R/W Description
7 CMFB 0 R/(W)* Compare-Match Flag B

[Setting condition]

When the values of TCNT_X and TCORB_X match
[Clearing condition]

Read CMFB when CMFB = 1, then write 0 in CMFB

6 CMFA 0 R/(W)* Compare-Match Flag A
[Setting condition]
When the values of TCNT_X and TCORA_X match
[Clearing condition]
Read CMFA when CMFA = 1, then write 0 in CMFA

5 OVF 0 R/(W)* Timer Overflow Flag
[Setting condition]
When TCNT_X overflows from H'FF to H'00
[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

4t00 — All 1 R Reserved
These bits are always read as 1 and cannot be modified.

Note: * Only 0 can be written to clear the flag.
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11.26  Timer Connection Register S(TCONRS)

TCONRS selects whether to access TMR_X or TMR_Y registers.

Initial
Bit Bit Name Value R/W Description
7 TMRX/Y 0 R/W TMR_X/TMR_Y Access Select

For details, see table 11.2.

0: The TMR_X registers are accessed at addresses
H'FFFFFO to H'FFFFF5

1: The TMRL_Y registers are accessed at addresses
H'FFFFFO to H'FFFFF5

6to0 — All O R/W Reserved
The initial values should not be changed.

Table11.2 RegistersAccessibleby TMR_X/TMR_Y

TMRX/Y  HFFFFFO HFFFFF1 HFFFFF2 HFFFFF3 HFFFFF4 HFFFFF5 HFFFFF6 H'FFFFF7

0 TMR_X TMR_X TMR_X TMR_X TMR_X TMR_X TMR_X TMR_X
TCR_X TCSR_X TCNT_X TCORA_X TCORB_X
1 TMR_Y TMR_Y TMR_Y TMR_Y TMR_Y TMR_Y

TCR_Y TCSR_Y TCORALY TCORB_Y TCNT_Y
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11.3  Operation Timing

11.31 TCNT Count Timing

Figure 11.3 shows the TCNT count timing with an internal clock source.

: e e 1 e 1 O O N . I

((

External clock _l ))
input pin (¢ | I—

)]
TCNT input \\\’_‘
clock (C (

) ))

( (.
TCNT N -1 X :{’ N X . N+i
) )

)

Figure11.3 Count Timing for Internal Clock Input

11.3.2 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
match, the compare-match signal is not generated until the next TCNT input clock. Figure 11.4
shows the timing of CMF flag setting.

¢ S I I

TCNT N X N + 1

TCOR N

Compare-match | |

signal \

CMF |

Figure11.4 Timing of CMF Setting at Compare-Match
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11.3.3 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 11.5 shows the timing of clearing the counter by a
compare-match.

¢ B
Compare-match | |

signal \

TCNT N X H'00

Figure11.5 Timing of Counter Clear by Compare-Match

11.34  Timing of Overflow Flag (OVF) Setting

The OVF bit in TCSR is set to 1 when the TCNT overflows (changes from H'FF to H'00). Figure
11.6 shows the timing of OVF flag setting.

¢ S I I I I

TCNT HFF

X
Overflow signal | |

H'00

OVF I

Figure11.6 Timing of OVF Flag Setting
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11.4 TMR_Oand TMR_1 Cascaded Connection

If bits CKS2 to CKSO in either TCR_0 or TCR_1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, 16-bit count mode or compare-match count mode
can be selected.

1141 16-Bit Count Mode

When bits CKS2 to CKSO0 in TCR_0 are set to B'100, the timer functions as a single 16-bit timer
with TMR_0 occupying the upper eight bits and TMR_1 occupying the lower eight bits.

e Setting of compare-match flags
— The CMF flag in TCSR_O is set to 1 when a 16-bit compare-match occurs.
— The CMF flag in TCSR_1 is set to 1 when a lower 8-bit compare-match occurs.
e Counter clear specification
— If the CCLR1 and CCLRO bits in TCR_0 have been set for counter clear at compare-match,
the 16-bit counter (TCNT_0 and TCNT_1 together) is cleared when a 16-bit compare-
match occurs. The 16-bit counter (TCNT_0 and TCNT_1 together) is also cleared when
counter clear by the TMIO pin has been set.
— The settings of the CCLR1 and CCLRO bits in TCR_1 are ignored. The lower 8 bits cannot
be cleared independently.

1142 Compare-Match Count Mode

When bits CKS2 to CKS0 in TCR_1 are B'100, TCNT_1 counts the occurrence of compare-match
A for TMR_0. TMR_0 and TMR_1 are controlled independently. Conditions such as setting of the
CMF flag, generation of interrupts, and counter clearing are in accordance with the settings for
each channel.
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11.5 Interrupt Sources

TMR_0, TMR_1, TMR_Y and TMR_X can generate three types of interrupts: CMIA, CMIB, and
OVI.

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.

The CMIA and CMIB interrupts can be used as on-chip DTC activation interrupt sources.

Table11.3 Interrupt Sourcesof 8-Bit TimersTMR_0, TMR_1, TMR_Y, and TMR_X

Interrupt DTC Interrupt
Channel Name Interrupt Source Flag Activation Priority
TMR_X CMIAX  TCORA_X compare-match CMFA Possible High
CMIBX TCORB_X compare-match CMFB Possible A
OVIX TCNT_X overflow OVF Not possible
TMR_0 CMIA0O TCORA_0 compare-match CMFA Possible
CMIBO TCORB_0 compare-maich CMFB Possible
ovio TCNT_O overflow OVF Not possible
TMR_A1 CMIA1  TCORA_1 compare-match CMFA Possible
CMIB1  TCORB_1 compare-maich CMFB Possible
ovii TCNT_1 overflow OVF Not possible
TMR_Y CMIAY TCORAL_Y compare-match CMFA Possible
CMIBY TCORB_Y compare-match CMFB Possible
ovIy TCNT_Y overflow OVF Not possible  Low
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11.6  Usage Notes

11.6.1 Conflict between TCNT Write and Counter Clear

If a counter clear signal is generated during the T, state of a TCNT write cycle as shown in figure
11.7, the counter clear takes priority and the write is not performed.

TCNT write cycle by CPU
T To

| | |
¢ B0 R AR N B B

Address x TCNT address X

Internal write signal | |
Counter clear signal | |

TCNT N X H'00

Figure11.7 Conflict between TCNT Write and Counter Clear
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11.6.2 Conflict between TCNT Write and I ncrement

If a TCNT input clock is generated during the T, state of a TCNT write cycle as shown in figure
11.8, the write takes priority and the counter is not incremented.

TCNT write cycle by CPU
Tq To

' S I I N R B
X X

Address TCNT address

Internal write signal | |
TCNT input clock | |

TCNT N X - M

/

Counter write data

Figure11.8 Conflict between TCNT Write and I ncrement
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11.6.3 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 11.9, the
TCOR write takes priority and the compare-match signal is disabled.

TCOR write cycle by CPU
|t T1 |t T2 |

| | |
: B e N e H

Address x TCOR address X
Internal write signal | |

TCNT N X N+ 1
TCOR N X P
TCOR write data
Compare-match signal E AN
Disabled

Figure11.9 Conflict between TCOR Write and Compare-Match

Rev. 2.00 Aug. 20, 2008 Page 412 of 1198
REJ09B0403-0200 RENESAS




Section 11  8-Bit Timer (TMR)

11.6.4  Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 11.8 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 11.4, 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.

Table11.4 Switching of Internal Clocksand TCNT Operation

Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

1 Clock switching from low

Clock bef :
to low level*' S\,ﬁ&ho\?:rre B L | | |

Clock after
switchover

TCNT
clock

TCNT NX N+ 1 X

2 Clock switching from low Clock bo
: 2 OCK betore '
to high level* switchover J I I I E I I

Clock after
switchover

TCNT
clock

TCNT NoOX N+t T N+2 X

CKS bit rewrite
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Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

3 Clock switching from high
to low level*®

Clock before
switchover J I I

Clock after
switchover

TCNT
clock

TCNT

4 Clock switching from high
to high level Clock before J I I I I

switchover

Clock after
switchover

TCNT
clock

;

TCNT NoOX N+t X N2 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.

11.6.5 Mode Setting with Cascaded Connection

If the 16-bit count mode and compare-match count mode are set simultaneously, the input clock
pulses for TCNT_0 and TCNT_1 are not generated, and thus the counters will stop operating.
Simultaneous setting of these two modes should be avoided.
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Section 12 Watchdog Timer (WDT)

This LSI has two watchdog timer channels (WDT_0 and WDT_1). The watchdog timer can output
an overflow signal (RESO) externally if a system crash prevents the CPU from writing to the
timer counter, thus allowing it to overflow. Simultaneously, it can generate an internal reset signal
or an internal NMI interrupt signal.

When this watchdog 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. A block
diagram of the WDT_0 and WDT_1 are shown in figure 12.1.

12.1 Features

e Selectable from eight (WDT_0) or 16 (WDT_1) counter input clocks.

o Switchable between watchdog timer mode and interval timer mode
Watchdog Timer Mode:

e [f the counter overflows, an internal reset or an internal NMI interrupt is generated.

e  When the LSI is selected to be internally reset at counter overflow, a low level signal is output
from the RESO pin if the counter overflows.

Internal Timer Mode:

e [f the counter overflows, an internal timer interrupt (WOVI) is generated.
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i Lo
-~ b /64
}/I\:]%\:ll'g t request signal) i Interrupt 9128
ptreq 9 ! control Clock e (/512

1 Overflow Clock .
Internal NMI ——] selection [+——¢/2048
(Interrupt request signal*2) | Reset /8192

| control (/32768
RESO signal*1 - l«—— (/131072
Internal reset signal*!  «——] Internal clock

: T |

5 [ TonT 0 f+—{ TCSRLO |

, Bus

! Module bus interface

LI WDT_0- = - = e

02 9SUB/2
WOVI ; /64 6SUB/4
(Interrupt request signal) | | Interrupt —0/128 $SUB/8
Internal NMI | el doverfiow  Clock secz;lz)c‘ili(on ‘_igéis 0SUB/16
(Interrupt request signal*2) | HSUB/32

| Reset l«——$/8192 0SUB/64
RESO signal*! - control «— /32768 0SUB/128

: T 9/131072 5B 256
Internal reset signal*!  <—— Internal clock

f

| TCNT_1 |<—>| TCSR_1 |

[Legend]
TCSR_0: Timer control/status

TCNT_O: Timer counter_0
TCSR_1: Timer control/status

Bus
Module bus interface
------------------------- WDT _1--mmmmmm e -
register_0
register_1

TCNT_1: Timer counter_1

Notes: 1. The RESO signal outputs the low level signal when the internal reset signal is
generated due to a TCNT overflow of either WDT_0 or WDT_1. The internal reset signal
first resets the WDT in which the overflow has occurred first.

2. The internal NMI interrupt signal can be independently output from either WDT_0 or WDT_1.
The interrupt controller does not distinguish the NMI interrupt request from WDT_0 from

that from WDT_1.

Internal bus

Internal bus

Figure12.1 Block Diagram of WDT
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12.2  Input/Output Pins
The WDT has the pins listed in table 12.1.

Table12.1 Pin Configuration

Name Symbol I/O Function

Reset output pin RESO Output Outputs the counter overflow signal in
watchdog timer mode

External sub-clock input EXCL Input Inputs the clock pulses to the WDT_1

pin prescaler counter

123  Register Descriptions

The WDT has the following registers. To prevent accidental overwriting, TCSR and TCNT have
to be written to in a method different from normal registers. For details, see section 12.6.1, 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)
12.3.1 Timer Counter (TCNT)

TCNT is an 8-bit readable/writable up-counter. TCNT is initialized to H'00 when the TME bit in
timer control/status register (TCSR) is cleared to 0.
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12.3.2 Timer Control/Status Register (TCSR)

TCSR selects the clock source to be input to TCNT, and the timer mode.

e TCSR_O

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 conditions]
e When TCNT overflows (changes from H'FF to H'00)

o When internal reset request generation is selected in
watchdog timer mode, OVF is cleared automatically by
the internal reset.

[Clearing conditions]

e When TCSR is read when OVF = 1, then 0 is written to
OVF

e  When 0 is written to TME

6 WTAT

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

5 TME

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.

R/W

Reserved
The initial value should not be changed.

3 RST/N

=

R/W

Reset or NMI

Selects to request an internal reset or an NMI interrupt
when TCNT has overflowed.

0: An NMI interrupt is requested
1: An internal reset is requested
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Initial
Bit Bit Name Value R/W Description
2to0 CKS2to AllO R/W Clock Select2t0 0

CKS0

Select the clock source to be input to TCNT. The overflow
period for ¢ = 34 MHz is enclosed in parentheses.

000: ¢/2 (period: 15.1 ps)

001: ¢/64 (period: 481.9 pus)

010: ¢/128 (period: 963.8 us)
011: ¢/512 (period: 3.856 ms)
100: $/2048 (period: 15.42 ms)
101: ¢/8192 (period: 61.68 ms)
110: ¢/32768 (period: 246.7 ms)
111: ¢/131072 (period: 986.9 ms)

Note:

* Only 0 can be written to clear the flag.
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e TCSR_1

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 conditions]
e When TCNT overflows (changes from H'FF to H'00)

o When internal reset request generation is selected in
watchdog timer mode, OVF is cleared automatically by
the internal reset.

[Clearing conditions]

e When TCSR is read when OVF = 1% then 0 is written
to OVF

e  When 0 is written to TME

6 WTAT

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

5 TME

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. When PSS = 1, TCNT is not initialized.
Write H'00 to TCNT to initialize TCNT.

4 PSS

R/W

Prescaler Select
Selects the clock source to be input to TCNT.
0: Counts the divided cycle of ¢—based prescaler (PSM)

1: Counts the divided cycle of $§SUB-based prescaler
(PSS)

|

3 RST/N

=

R/W

Reset or NMI

Selects to request an internal reset or an NMI interrupt
when TCNT has overflowed.

0: An NMI interrupt is requested
1: An internal reset is requested
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Initial
Bit Bit Name Value R/W Description

2to0 CKS2to AllO R/W Clock Select2t0 0
CKSO0

Select the clock source to be input to TCNT. The overflow
cycle for ¢ = 34 MHz and ¢SUB = 32.768 kHz is enclosed
in parentheses.

When PSS = 0:

000: ¢/2 (cycle: 15.1 ps)

001: ¢/64 (cycle: 481.9 us)
010: ¢/128 (cycle: 963.8 ps)
011: ¢/512 (cycle: 3.856 ms)
100: ¢/2048 (cycle: 15.42 ms)
101: ¢/8192 (cycle: 61.68 ms)
110: ¢/32768 (cycle: 246.7 ms)
111: $/131072 (cycle: 986.9 ms)
When PSS = 1:

000: ¢SUB/2 (cycle: 15.6 ms)
001: ¢SUB/4 (cycle: 31.3 ms)
010: $SUB/8 (cycle: 62.5 ms)
011: ¢SUB/16 (cycle: 125 ms)
100: ¢SUB/32 (cycle: 250 ms)
101: ¢SUB/64 (cycle: 500 ms)
110: ¢SUB/128 (cycle: 1 s)
111: ¢SUB/256 (cycle: 2 s)

Notes: 1. Only 0 can be written to clear the flag.

2. When OVF is polled with the interval timer interrupt disabled, OVF = 1 must be read at
least twice.
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124  Operation

1241 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 be writing H'00) before overflows occurs.

If the RST/NMI bit of TCSR is set to 1, when the TCNT overflows, an internal reset signal for this
LSI is issued for 518 system clocks, and the low level signal is simultaneously output from the
RESO pin for 132 states, as shown in figure 12.2. If the RST/NMI bit is cleared to 0, when the
TCNT overflows, an NMI interrupt request is generated. Here, the output from the RESO pin
remains high.

An internal reset request from the watchdog timer and a reset input from the RES pin are
processed in the same vector. Reset source can be identified by the XRST bit status 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.
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TCNT value
Overflow
[ B e
A
|
‘ | )
HO TN f 1 1 ot
WTAT =1 Write H'00 to OVF=1% ! WT/T=1 Write H'00 to
TME=1 TCNT  TME=1 TCNT
Internal reset signal | ‘

518 system clocks

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.

Figure12.2 Watchdog Timer Mode (RST/NMI = 1) Operation
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12.4.2 Interval Timer Mode

When the WDT is used as an interval timer, an interval timer interrupt (WOVI) is generated each
time the TCNT overflows, as shown in figure 12.3. Therefore, an interrupt can be generated at
intervals. When the TCNT overflows in interval timer mode, an interval timer interrupt (WOVI) is
requested at the same time the OVF bit of TCSR is set to 1. The timing is shown in figure 12.4.

TCNT value
Overflow Overflow Overflow Overflow
[ i e D el i e LR TR
H'00 ? # # Time
WT/T =0 WOVI WOVI WOVI WOVI
TME =1

WOVI : Interval timer interrupt request occurrence

Figure12.3 Interval Timer Mode Operation

; InFinlnlnlnie

TONT \\  HFF X H'00

Overflow signal I_l
(internal signal) ((
) \

OVF ( |

Figure 124 OVF Flag Set Timing

Rev. 2.00 Aug. 20, 2008 Page 424 of 1198
REJ09B0403-0200 RENESAS




Section 12 Watchdog Timer (WDT)

12.4.3 RESO Signal Output Timing

When TCNT overflows in watchdog timer mode, the OVF bit in TCSR is set to 1. When the
RST/NMI bit is 1 here, the internal reset signal is generated for the entire LSI. At the same time,
the low level signal is output from the RESO pin. The timing is shown in figure 12.5.

o L

TCNT % H'FF X
Overflow signal | _l
(internal signal) ((

OVF (

o

_
== I~

RESO signal )] ri 132 states
(
)

Internal reset ( 518 states ———

signal ))

Figure12.5 Output Timing of RESO signal

This LSI has retain state pins, which are only initialized by a system reset. The outputs on these
pins are retained even when an internal reset is generated by the overflow signal of the WDT. For
more information, see section 8, I/0O Ports.
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125 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. OVF must be
cleared to O 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

Table12.2 WDT Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation

WOVI TCNT overflow OVF Not possible
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12.6  Usage Notes

12.6.1 Noteson Register Access

The watchdog timer’s registers, 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.

Writing to TCNT and TCSR (Example of WDT_0):

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 12.6 to write to TCNT or TCSR. To write to TCNT, the higher bytes must contain
the value H'SA and the lower bytes must contain the write data. To write to TCSR, the higher
bytes must contain the value H'A5 and the lower bytes must contain the write data.

<TCNT write>
15 8 7 0
Address : HFFAS H'SA Write data
<TCSR write>
15 8 7 0
Address : HFFA8 | H'AS | Write data

Figure12.6 Writingto TCNT and TCSR (WDT_0)
Reading from TCNT and TCSR (Example of WDT_0):

These registers are read in the same way as other registers. The read address is HFFAS8 for TCSR
and H'FFA9 for TCNT.
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12.6.2 Conflict between Timer Counter (TCNT) Write and Increment

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 12.7 shows this operation.

TCNT write cycle
Tq To

|

Address X X

Internal write signal

TCNT input clock | |

TCNT N X M

X

(

Counter write data

Figure12.7 Conflict between TCNT Writeand I ncrement

12.6.3 Changing Values of CKS2 to CK S0 Bits

If CKS2 to CKSO bits 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 CKS2 to CKSO bits.

12.6.4 Changing Value of PSS Bit

If the PSS bit in TCSR_1 is written to while the WDT is operating, errors could occur in the
operation. Stop the watchdog timer (by clearing the TME bit to 0) before changing the values of
PSS bit.
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12.6.5 Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from/to watchdog timer to/from interval timer, while the WDT is
operating, errors could occur in the operation. Software must stop the watchdog timer (by clearing
the TME bit to 0) before switching the mode.

12.6.6  System Reset by RESO Signal

Inputting the RESO output signal to the RES pin of this LSI prevents the LSI from being
initialized correctly; the RESO signal must not be logically connected to the RES pin of the LSI.
To reset the entire system by the RESO signal, use the circuit as shown in figure 12.8.

This LS|
Reset input RES
Reset signal for entire system <70@7 RESO

Figure 12.8 Sample Circuit for Resetting the System by the RESO Signal
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Section 13 Serial Communication Interface (SCI)

This LSI has two independent serial communication interface (SCI) channels. The SCI can handle
both asynchronous and clock 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). The SCI also supports the smart card (IC
card) interface based on ISO/IEC 7816-3 (Identification Card) as an enhanced asynchronous
communication function.

13.1 Features

e Choice of asynchronous or clock 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 (except for the smart card
interface).

e Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode 7-bit data)
¢ Four interrupt sources

Four interrupt sources — transmit-end, transmit-data-empty, receive-data-full, and receive
error — that can issue requests.

The transmit-data-empty and receive-data-full interrupt sources can activate DTC.

e Module stop mode availability
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Asynchronous M ode:

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

Clock Synchronous M ode:

e Data length: 8 bits

e Receive error detection: Overrun errors
Smart Card Interface:

e An error signal can be automatically transmitted on detection of a parity error during reception
e Data can be automatically re-transmitted on detection of a error signal during transmission

e Both direct convention and inverse convention are supported
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Figure 13.1 is a block diagram of SCI_1 and SCI_3.

Module data bus

Bus interface
Internal data bus

[ ror | | 1R | SCMR [ BRR —
[ SSR
l k) l SCR Baud rate °
RxD1/RxD3 — | RSR | [ | TSR SR generator [+ 4
-—0/16
Transmission/
TxD1/TxD3 reception control /64
X X
Parity generation t Clock
Parity check
External clock
SCK1/SCK3
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: Smart card mode register
TDR:  Transmit data register BRR: Bit rate register

SMR:  Serial mode register

Figure13.1 Block Diagram of SCI_1and SCI_3
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13.2  Input/Output Pins
Table 13.1 shows the input/output pins for each SCI channel.

Table13.1 Pin Configuration

Channel Symbol* Input/Output  Function
1 SCK1 Input/Output Channel 1 clock input/output
RxD1 Input Channel 1 receive data input

Input/Output Channel 1 transmit/receive data input/output (when
smart card interface is selected)

TxD1 Output Channel 1 transmit data output
3 SCK3 Input/Output Channel 3 clock input/output
RxD3 Input Channel 3 receive data input

Input/Output Channel 3 transmit/receive data input/output (when
smart card interface is selected)

TxD3 Output Channel 3 transmit data output

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the
channel designation.

13.3 Register Descriptions

The SCI has the following registers for each channel. Some bits in the serial mode register (SMR),
serial status register (SSR), and serial control register (SCR) have different functions in different
modes—normal serial communication interface mode and smart card interface mode; therefore,
the bits are described separately for each mode in the corresponding register sections.

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 Smart card mode register (SCMR)
e Bit rate register (BRR)
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13.3.1 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.

13.3.2 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 as a double buffer in this way, continuous
receive operations 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.

13.3.3 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
structures 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.

13.34 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.
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13.35 Serial Mode Register (SMR)

SMR is used to set the SCI's serial transfer format and select the baud rate generator clock source.
Some bits in SMR have different functions in normal mode and smart card interface mode.

e Bit Functions in Normal Serial Communication Interface Mode (when SMIF in SCMR = 0)
Initial
Bit Bit Name Value R/W Description

7 C/A 0 R/W  Communication Mode
0: Asynchronous mode
1: Clock synchronous mode

6 CHR 0 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 clock synchronous mode, a fixed data length of 8 bits is
used.

5 PE 0 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.

4 OE 0 R/W Parity Mode (enabled only when the PE bit is 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.

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. If the
second stop bit is 0, it is treated as the start bit of the next
transmit frame.

2 MP 0 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.
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Initial
Bit Bit Name  Value R/W Description
1 CKSH1 0 R/W Clock Select 1 and 0
0 CKSO0 0 R/W 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 bit rate register setting and
the baud rate, see section 13.3.9, Bit Rate Register
(BRR). n is the decimal display of the value of n in BRR
(see section 13.3.9, Bit Rate Register (BRR)).

Bit

Bit Functions in Smart Card Interface Mode (when SMIF in SCMR = 1)

Bit Name

Initial
Value

R/W

Description

7

GM

0

R/W

GSM Mode

Setting this bit to 1 allows GSM mode operation. In GSM
mode, the TEND set timing is put forward to 11.0 etu*
from the start and the clock output control function is
appended. For details, see section 13.7.8, Clock Output
Control.

BLK

R/W

Setting this bit to 1 allows block transfer mode operation.
For details, see section 13.7.3, Block Transfer Mode.

PE

R/W

Parity Enable (valid 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. Set this bit to 1 in smart card interface mode.

4

O/E

R/W

Parity Mode (valid only when the PE bit is 1 in
asynchronous mode)

0: Selects even parity
1: Selects odd parity

For details on the usage of this bit in smart card interface
mode, see section 13.7.2, Data Format (Except in Block
Transfer Mode).
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Initial
Bit Bit Name Value R/W Description
3 BCP1 0 R/W Basic Clock Pulse 1 and 0
2 BCPO 0 R/W These bits select the number of basic clock cycles in a 1-
bit data transfer time in smart card interface mode.
00: 32 clock cycles (S = 32)
01: 64 clock cycles (S = 64)
10: 372 clock cycles (S = 372)
11: 256 clock cycles (S = 256)
For details, see section 13.7.4, Receive Data Sampling
Timing and Reception Margin. S is described in section
13.3.9, Bit Rate Register (BRR).
1 CKSH1 0 R/W Clock Select 1 and 0
0 CKS0 0 R/W 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 bit rate register setting and
the baud rate, see section 13.3.9, Bit Rate Register
(BRR). n is the decimal display of the value of n in BRR
(see section 13.3.9, Bit Rate Register (BRR)).

Note: * etu: Element Time Unit (time taken to transfer one bit)
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13.3.6 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
13.8, Interrupt Sources. Some bits in SCR have different functions in normal mode and smart card

interface mode.

e Bit Functions in Normal Serial Communication Interface Mode (when SMIF in SCMR = 0)

Initial

Bit Bit Name  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, RXI 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 13.5, Multiprocessor
Communication Function.

2 TEIE 0 R/W Transmit End Interrupt Enable

When this bit is set to 1, a TEl interrupt request is
enabled.
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Initial
Bit Bit Name  Value R/W Description
1 CKE1 0 R/W Clock Enable 1 and 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 1/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
from the SCK pin.)
Clock synchronous mode:
0x: Internal clock (SCK pin functions as clock output.)
1x: External clock (SCK pin functions as clock input.)

[Legend]
X: Don't care
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Bit

Bit Name

Initial
Value

R/W

Bit Functions in Smart Card Interface Mode (when SMIF in SCMR = 1)

Description

TIE

0

R/W

Transmit Interrupt Enable
When this bit is set to 1, a TXI interrupt request is enabled.

RIE

R/W

Receive Interrupt Enable

When this bit is set to 1, RXIl and ERI interrupt requests are
enabled.

TE

R/W

Transmit Enable
When this bit is set to 1, transmission is enabled.

RE

R/W

Receive Enable
When this bit is set to 1, reception is enabled.

MPIE

R/W

Multiprocessor Interrupt Enable (enabled only when the MP
bit in SMR is 1 in asynchronous mode)
Write 0 to this bit in smart card interface mode.

TEIE

R/W

Transmit End Interrupt Enable
Write 0 to this bit in smart card interface mode.

CKEH1
CKEO

R/W
R/W

Clock Enable 1 and 0

These bits control the clock output from the SCK pin. In
GSM mode, clock output can be dynamically switched. For
details, see section 13.7.8, Clock Output Control.

When GM in SMR =0

00: Output disabled (SCK pin functions as I/O port.)
01: Clock output

1x: Reserved

When GM in SMR = 1
00: QOutput fixed to low
01: Clock output

10: Output fixed to high
11: Clock output

[Legend]

X:

Don't care
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13.3.7

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. Some bits in SSR have different functions in
normal mode and smart card interface mode.

Bit

Bit Name

R/W

Bit Functions in Normal Serial Communication Interface Mode (when SMIF in SCMR = 0)
Initial
Value

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

o When a TXl interrupt request is issued allowing DTC to
write data to TDR

6

RDRF

0

R/(W)*

Receive Data Register Full

Indicates that receive data is stored in RDR.

[Setting condition]

o 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

e When an RXI interrupt request is issued allowing DTC to
read data from RDR

The RDREF flag is not affected and retains its previous value
when the RE bit in SCR is cleared to 0.
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Initial
Bit Bit Name Value R/W Description
5 ORER 0 R/(W)* Overrun Error

[Setting condition]

When the next serial reception is completed while RDRF =
1

[Clearing condition]

When 0 is written to ORER after reading ORER = 1
4 FER 0 R/(W)* Framing Error

[Setting condition]

When the stop bit is 0

[Clearing condition]

When 0 is written to FER after reading FER = 1

In 2-stop-bit mode, only the first stop bit is checked.
3 PER 0 R/(W)* Parity Error

[Setting condition]

When a parity error is detected during reception

[Clearing condition]

When 0 is written to PER after reading PER = 1
2 TEND 1 R 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

e When a TXl interrupt request is issued allowing DTC
to write data to TDR

1 MPB 0 R Multiprocessor Bit

MPB stores the multiprocessor bit in the receive frame.
When the RE bit in SCR is cleared to 0, its previous state
is retained.

0 MPBT 0 R/W Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be added to the
transmit frame.

Note: * Only 0 can be written to clear the flag.
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e Bit Functions in Smart Card Interface Mode (when SMIF in SCMR = 1)

Initial
Bit Bit Name 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 SCRis 0

e When data is transferred from TDR to TSR, and TDR
can be written to.

[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1

¢ When a TXI interrupt request is issued allowing DTC to
write data to TDR

6 RDRF 0 R/(W)*'

Receive Data Register Full

Indicates whether the receive data is stored in RDR.

[Setting condition]

o 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

¢ When an RXl interrupt request is issued allowing DTC
to read data from RDR

The RDREF flag is not affected and retains its previous
value when the RE bitin SCRis cleared to 0.

5 ORER 0 R/(W)*'

Overrun Error
[Setting condition]

When the next serial reception is completed while RDRF =
1

[Clearing condition]
When 0 is written to ORER after reading ORER = 1

4 ERS 0 R/(W)*'

Error Signal Status

[Setting condition]

When a low error signal is sampled

[Clearing condition]

When 0 is written to ERS after reading ERS =1
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Initial
Bit Bit Name Value R/W Description
3 PER 0 R/(W)*' Parity Error
[Setting condition]
When a parity error is detected during reception
[Clearing condition]
When 0 is written to PER after reading PER = 1
2 TEND 1 R Transmit End
TEND is set to 1 when the receiving end acknowledges no
error signal and the next transmit data is ready to be
transferred to TDR.
[Setting conditions]
¢ When both TE in SCR and ERS are 0
e When ERS =0 and TDRE = 1 after a specified time
passed after the start of 1-byte data transfer. The set
timing depends on the register setting as follows.
When GM = 0 and BLK = 0, 2.5 etu*® after
transmission start
When GM = 0 and BLK = 1, 1.5 etu*® after
transmission start
When GM = 1 and BLK = 0, 1.0 etu*® after
transmission start
When GM = 1 and BLK = 1, 1.0 etu*® after
transmission start
[Clearing conditions]
e When 0 is written to TDRE after reading
TDRE =1
e When a TXI interrupt request is issued allowing DTC
to write the next data to TDR
1 MPB 0 R Multiprocessor Bit
Not used in smart card interface mode.
0 MPBT 0 R/W Multiprocessor Bit Transfer

Write 0 to this bit in smart card interface mode.

Notes: 1. Only 0 can be written to clear the flag.

2. etu: Element Time Unit (time taken to transfer one bit)
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13.3.8 Smart Card Mode Register (SCMR)

SCMR selects smart card interface mode and its format.

Initial
Bit Bit Name Value R/W Description

7to4 — All 1 R Reserved
These bits are always read as 1 and cannot be modified.

3 SDIR 0 R/W Smart Card 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 Smart Card 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 itis in RDR.

1: TDR contents are inverted before being transmitted.
Receive data is stored in inverted form in RDR.

1 — 1 R Reserved
This bit is always read as 1 and cannot be modified.

0 SMIF 0 R/W Smart Card Interface Mode Select

When this bit is set to 1, smart card interface mode is
selected.

0: Normal asynchronous or clock synchronous mode
1: Smart card interface mode
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13.39 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 13.2 shows

the relationships between the N setting in BRR and bit rate B for normal asynchronous mode and
clock synchronous mode, and smart card interface mode. The initial value of BRR is HFF, and it
can be read from or written to by the CPU at all times.

Table 13.2 Relationships between N Setting in BRR and Bit Rate B

Mode Bit Rate Error
Asynchronous mode
B= % Error(%):{%—ﬂxmo
64 % 22" T (N + 1) Bx64x22 "% (N+1)
Clock synchronous mode 5 —
B o x10
8x 22" % (N+1)
Smart card interface mode s s
ox 10 o x10
B= R — Error (%)= { ——————7——— -1} x100
SX22n+1X(N+1) BxSx2 x(N+1)
[Legend]
B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
o: Operating frequency (MHz)

nandS: Determined by the SMR settings shown in the following table.

SMR Setting SMR Setting
CKS1 CKSO0 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 13.3 shows sample N settings in BRR in normal asynchronous mode. Table 13.4 shows the
maximum bit rate settable for each frequency. Table 13.6 and 13.8 show sample N settings in
BRR in clock synchronous mode and smart card interface mode, respectively. In smart card
interface mode, the number of basic clock cycles S in a 1-bit data transfer time can be selected.
For details, see section 13.7.4, Receive Data Sampling Timing and Reception Margin. Tables 13.5
and 13.7 show the maximum bit rates with external clock input.
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Table 13.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode)

Operating Frequency ¢ (MHz)

20 25 34

Bit Rate (bit/s) n N Error (%) n N Error (%) n N Error (%)
110 3 88 -0.25 3 110  -0.02 3 150 -0.05
150 3 64 0.16 3 80 -0.47 3 110 -0.29
300 2 129 0.16 2 162  0.15 2 220 0.16
600 2 64 0.16 2 80 -0.47 2 110 -0.29
1200 1 129 0.16 1 162  0.15 1 220 0.16
2400 1 64 0.16 1 80 -0.47 1 110 -0.29
4800 0 129 0.16 0 162  0.15 0 220 0.16
9600 0 64 0.16 0 80 -0.47 0 110 -0.29
19200 0 32 -1.36 0 40 -0.76 0 54 0.62
31250 0 19 0.00 0 24 0.00 0 33 0.00
38400 0 15 1.73 0 19 1.73 0 27 -1.18

Note: Make the settings so that the error does not exceed 1%.

Table13.4 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

¢ (MHz) Maximum Bit Rate (bit/s) n N
20 625000 0 0
25 781250 0 0
34 1062500 0 0

Table 13.5 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
20 5.0000 312500
25 6.2500 390625
34 8.0000 531250
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Table13.6 BRR Settingsfor Various Bit Rates (Clock Synchronous M ode)

Operating Frequency ¢ (MHz)

20 24 34
Bit Rate (bit/s) n N n N n N
110
250
500 — — — — — —
1k — — — — — —
25k 2 124 2 149 2 212
5k 1 249 2 74 2 105
10k 1 124 1 149 1 212
25k 0 199 0 239 1 84
50 k 0 99 0 119 0 169
100 k 0 49 0 59 0 84
250 k 0 19 0 23 0 33
500 k 0 9 0 11 0 16
1M 0 0 5
25M 0
5M 0 0*
[Legend]

Blank: Setting prohibited.
— Can be set, but there will be a degree of error.
*; Continuous transfer or reception is not possible.
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Table 13.7 Maximum Bit Rate with External Clock Input (Clock Synchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
20 3.3333 3333333.3
25 4.1667 4166666.7
34 5.6667 5666666.7

Table 13.8 BRR Settingsfor VariousBit Rates(Smart Card Interface Mode, n =0, s= 372)

Operating Frequency ¢ (MHz)

Bit Rate 20.00 21.4272 25 34

(bit/s) n N Error (%) n N Error(%) n N Error (%) n N Error (%)

9600 0o 2 —6.65 0 2 0.00 0 3 -12.49 0 4 -4.79

Table 13.9 Maximum Bit Rate for Each Frequency (Smart Card Interface Mode, S= 372)

¢ (MHz) Maximum Bit Rate (bit/s) n N
20.00 26882 0 0
21.4272 28800 0 0
25.00 33602 0 0
34.00 45699 0 0
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134  Operation in Asynchronous Mode

Figure 13.2 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 goes to 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 or written during
transmission or reception, enabling continuous data transfer and reception.

Idle state
(mark state)
1 LSB MSB 1
Serial [ 6 | po [ p1 | D2 | D3| D4 | D5 | D6 | D7 01| 1 1
data
Start Parity | Stop bit
bit Transmit/receive data bit
1 bit 7 or 8 bits 1 bitor 1 or2 bits

none

One unit of transfer data (character or frame)

Figure13.2 Data Format in Asynchronous Communication
(Example with 8-Bit Data, Parity, Two Stop Bits)
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13.4.1 DataTransfer Format

Table 13.10 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 13.5, Multiprocessor Communication Function.

Table 13.10 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transmit/Receive Format and Frame Length
CHR | PE mp |sToP| 1 2 3 4 5 6 7 8 9 10 11 12
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|STOF’
1 1 0 0 | s | 7-bit data | P [stop
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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13.4.2 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. Since receive data is latched internally 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 13.3. Thus the
reception margin in asynchronous mode is determined by formula (1) below.

1 D-0.5

M={(O.5—W )— N

(1+F) = (L-0.5) F}x 100 [%] - Formula (1)

M: Reception margin (%)

N: Ratio of bit rate to clock (N = 16)

D: Clock duty (D = 0.5 to 1.0)

L: Frame length (L =9 to 12)

F: Absolute value of clock rate deviation

Assuming values of F =0 and D = 0.5 in formula (1), the reception margin is determined by the
formula below.

M ={0.5—-1/(2 x 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 15 0
Internal m
basic clock

Receive data —;'I; ! Start bit " | DO i |D1
(RxD) L

Synchronization i [ N ::
sampling timing ___ i L

Data sampling
timing n n

Figure 13.3 Receive Data Sampling Timing in Asynchronous Mode
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13.4.3 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 used.

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 13.4.

oo LML LML L L L L L

%D 0 | po| Dt |D2]| D3

D4 | D5 | D6

D7

01

1 frame

1 1

Figure 13.4 Relation between Output Clock and Transmit Data Phase
(Asynchronous M ode)
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13.4.4 SCli Initialization (Asynchronous M ode)

Before transmitting and receiving data, you should first clear the TE and RE bits in SCR to 0, then
initialize the SCI as shown in figure 13.5. 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 )
| Clear TE and RE bits in SCR to 0 |
|

Set CKE1 and CKEO bits in SCR
(TE and RE bits are 0)

Set data transfer format in
SMR and SCMR

Set value in BRR

Wait

(1]

(2]

(3]

1-bit interval elapsed?

Set TE and RE bits in
SCRto 1, and set RIE, TIE, TEIE,
and MPIE bits

<Initialization completion>

No

(4]

(1]

(2]

(3]

(4]

Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
TEIE, and MPIE, and bits TE and
RE, to 0.

When the clock is selected in
asynchronous mode, it is output
immediately after SCR settings are
made.

Set the data transfer format in SMR
and SCMR.

Write a value corresponding to the
bit rate to BRR. Not necessary if
an external clock is used.

Wait at least one bit interval, then
set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Figure 13.5 Sample SCI Initialization Flowchart

RENESAS
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1345 Serial Data Transmission (Asynchronous Mode)

Figure 13.6 shows an example of the operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1.

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 interrupt
request (TXI) is generated. Because 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 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 13.7 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit (0 bit bit bit ( bit bit 1
)) 1)
o | o | b1 p7 o1 1| o | Do Dbt D7 | o/ Idie state
(« (( (mark state)

) 1)

((

j ™))
TORE | | . :
1 ) 1
TEND : (( : ((
: 1) : 1)
TXI interrupt Data written to TDR and TXI interrupt )
request generated TDRE flag clearedto 0in  request generated TEl interrupt
| TXI interrupt service routine | request generated
; 1 frame E

Figure13.6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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[1]1 SCl initialization:

Initializati 1 L .
| nianization | Y The TxD pin is automatically
I designated as the transmit data
( Start transmission ) output pin.
I‘ After the TE bit is set to 1, a frame
of 1s is output, and transmission is
| Read TDRE flag in SSR | [2] enabled put,
No [2] SCI status check and transmit data
write:
Read SSR and check that the
Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the
Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSR 1o 0 [3] Serial transmission continuation
procedure:
To continue serial transmission,

All data transmitted? read 1 from the TDRE flag to

confirm that writing is possible,
Yes then write data to TDR, and clear
-t [3] the TDRE flag to 0. However, the
TDRE flag is checked and cleared
automatically when the DTC is
initiated by a transmit data empty
interrupt (TXI) request and writes
data to TDR.

Read TEND flag in SSR

[4] 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.

Break output? [4]

Clear DR to 0 and
set DDR to 1

Clear TE bitin SCRto 0

<End>

Figure 13.7 Sample Serial Transmission Flowchart
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1346  Serial Data Reception (Asynchronous Mode)

Figure 13.8 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. Because the RXI interrupt 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 | po| b1 p7 (o1 ]| 1| o | Do bt p7 | o1 | o | dlestate
( ( (mark state)

)] ))

RDRF « .
) )
FER « .
)) ))
RXl interrupt RDR data read and RDRF |
request flag cleared to 0 in RXI ERI interrupt request
generated interrupt service routine generated by framing

error

1 frame

Figure 13.8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)
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Table 13.11 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. Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the
ORER, FER, PER, and RDREF bits to 0 before resuming reception. Figure 13.9 shows a sample

flowchart for serial data reception.

Table 13.11 SSR Status Flags and Receive Data Handling

SSR Status Flag

RDRF* ORER FER PER Receive Data Receive Error Type

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 Transferred to RDR Framing error + parity error

1 1 1 Lost Overrun error + framing error +

parity error

Note: * The RDREF flag retains the state it had before data reception.
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[1]1 SClinitialization:

| Initialization | (1 The RxD pin is automatically
' designated as the receive data input
( Start reception ) pin.
-
| [2] [3] Receive error processing and break
Read ORER, PER, and detection:

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

FER flags in SSR

Error processing

(Continued on next page)

| Read RDRF flag in SSR | 14] 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 0 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.
However, the RDRF flag is cleared
automatically when the DTC is initiated

| Clear RE bit in SCRto 0 | by an RXI interrupt and reads data from
RDR.
<End> [Legend]

v : Logical add (OR)

Figure13.9 Sample Serial Reception Flowchart (1)
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(3]

( Error processing )

No

Yes

Overrun error processing

Yes

Break?

No
\

Clear RE bitin SCRto 0

Framing error processing | |

No

Parity error processing

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure13.9 Sample Serial Reception Flowchart (2)
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13.5 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 O, the cycle is a data transmission cycle. Figure
13.10 shows an example of inter-processor communication using the multiprocessor format. The
transmitting station first sends the ID code of the receiving station with which it wants to perform
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as data
with a 0 multiprocessor bit added. 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 RDRF, FER, and
ORER status flags 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 RXI 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)
Serial - -
data [\ [ wot [\ [ waa\ [\ |

(MPB = 1)

(MPB=0) !

ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by ID

[Legend]
MPB: Multiprocessor bit

Figure 13.10 Example of Communication Using Multiprocessor Format
(Transmission of Data H'AA to Receiving Station A)
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1351 Multiprocessor Serial Data Transmission

Figure 13.11 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 | (11 [11 SCl initialization:
T The TxD pin is automatically

( Start transmission ) designated as the transmit data
T output pin.
| After the TE bitis setto 1, a

| Read TDRE flag in SSR | [2] frame of 1s is output, and

transmission is enabled.
No [2] SCI status check and transmit
data write:
" Read SSR and check that the
es TDRE flag is set to 1, then write
. , transmit data to TDR. Set the
Write transmit data to TDR and MPBT bitin SSRto 0 or 1.
set MPBT bitin SSR Finally, clear the TDRE flag to 0.

[3] Serial transmission continuation
procedure:
To continue serial transmission,
be sure to read 1 from the TDRE

Clear TDRE flag to 0

All data transmitted? [3] flag to confirm that writing is
possible, then write data to TDR,
Yes and then clear the TDRE flag to 0.
- However, the TDRE flag is

| checked and cleared

automatically when the DTC is
initiated by a transmit data empty
interrupt (TXI) request and writes
data to TDR.

| Read TEND flag in SSR

[4] 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.

[4]

Clear DR to 0 and set DDR to 1

| Clear TE bitin SCR to 0 |

<End>

Figure13.11 Sample Multiprocessor Serial Transmission Flowchart
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135.2

Multiprocessor Serial Data Reception

Figure 13.13 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 in asynchronous mode. Figure
13.12 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
) )
| o [ooor [ o] + v o []or ] [o] o[ menme
( 4 (mark state)
(«
)
MPIE | I
i f / /l l\ |
RDR
value X 1D
MPIE =0 RXI interrupt RDR data read If not this station