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Notice

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

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

You 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. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

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

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

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home 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 healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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NOTES FOR CMOS DEVICES

(1) VOLTAGE APPLICATION WAVEFORM AT INPUT PIN: Waveform distortion due to input noise or a reflected
wave may cause malfunction. If the input of the CMOS device stays in the area between VIL (MAX) and VIH
(MIN) due to noise, etc., the device may malfunction. Take care to prevent chattering noise from entering the
device when the input level is fixed, and also in the transition period when the input level passes through the
area between VIL (MAX) and VIH (MIN).

(2) HANDLING OF UNUSED INPUT PINS: Unconnected CMOS device inputs can be cause of malfunction. If
an input pin is unconnected, it is possible that an internal input level may be generated due to noise, etc.,
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input levels of CMOS
devices must be fixed high or low by using pull-up or pull-down circuitry. Each unused pin should be
connected to VDD or GND via a resistor if there is a possibility that it will be an output pin. All handling related
to unused pins must be judged separately for each device and according to related specifications governing
the device.

(3) PRECAUTION AGAINST ESD: A strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must be taken to stop generation of
static electricity as much as possible, and quickly dissipate it when it has occurred. Environmental control
must be adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators
that easily build up static electricity. Semiconductor devices must be stored and transported in an anti-static
container, static shielding bag or conductive material. All test and measurement tools including work benches
and floors should be grounded. The operator should be grounded using a wrist strap. Semiconductor devices
must not be touched with bare hands. Similar precautions need to be taken for PW boards with mounted
semiconductor devices.

(4) STATUS BEFORE INITIALIZATION: Power-on does not necessarily define the initial status of a MOS device.
Immediately after the power source is turned ON, devices with reset functions have not yet been initialized.
Hence, power-on does not guarantee output pin levels, I/O settings or contents of registers. A device is not
initialized until the reset signal is received. A reset operation must be executed immediately after power-on
for devices with reset functions.

(5) POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately for
each device and according to related specifications governing the device.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an I/O pull-up power supply while
the device is not powered. The current injection that results from input of such a signal or I/O pull-up power
supply may cause malfunction and the abnormal current that passes in the device at this time may cause
degradation of internal elements. Input of signals during the power off state must be judged separately for
each device and according to related specifications governing the device.
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Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

IECUBE is a registered trademark of NEC Electronics Corporation in Japan and Germany.

MINICUBE is a registered trademark of NEC Electronics Corporation in Japan and Germany or a
trademark in the United States of America.

EEPROM, IEBus, and Inter Equipment Bus are trademarks of NEC Electronics Corporation.

Windows and Windows NT are either registered trademarks or trademarks of Microsoft Corporation in the
United States and/or other countries.

PC/AT is a trademark of International Business Machines Corporation.

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
United States and Japan.

* The information in this document is current as of September, 2009. The information is subject to change without notice. For

actual design-in, refer to the latest publications of NEC Electronics data sheets or data books, etc., for the most up-to-date

specifications of NEC Electronics products. Not all products and/or types are available in every country. Please check with an

NEC Electronics sales representative for availability and additional information.

No part of this document may be copied or reproduced in any form or by any means without the prior written consent of NEC

Electronics. NEC Electronics assumes no responsibility for any errors that may appear in this document.

NEC 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 NEC Electronics products listed in this document or any other liability arising from the

use of such products. No license, express, implied or otherwise, is granted under any patents, copyrights or other intellectual

property rights of NEC Electronics or others.

Descriptions of circuits, software and other related information in this document are provided for illustrative purposes in

semiconductor product operation and application examples. The incorporation of these circuits, software and information in

the design of a customer's equipment shall be done under the full responsibility of the customer. NEC Electronics assumes no

responsibility for any losses incurred by customers or third parties arising from the use of these circuits, software and

information.

While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products, customers agree

and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize risks of damage to property

or injury (including death) to persons arising from defects in NEC Electronics products, customers must incorporate sufficient

safety measures in their design, such as redundancy, fire-containment and anti-failure features.

NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and "Specific". The

"Specific" quality grade applies only to NEC Electronics products developed based on a customer-designated "quality

assurance program" for a specific application. The recommended applications of an NEC Electronics product depend on its

quality grade, as indicated below. Customers must check the quality grade of each NEC Electronics product before using it in

a particular application.

"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.

"Special": 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, life support systems and
medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC Electronics data

sheets or data books, etc. If customers wish to use NEC Electronics products in applications not intended by NEC Electronics,

they must contact an NEC Electronics sales representative in advance to determine NEC Electronics' willingness to support a

given application.

(Note 1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its majority-owned

subsidiaries.
(Note 2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as defined
above).

(M8E0909)
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Readers

Purpose

Organization

How to Read This Manual

PREFACE

This manual is intended for users who wish to understand the functions of the
VB850E/SJ3-H and V850E/SK3-H and design application systems using the
V850E/SJ3-H and V850E/SK3-H.

This manual is intended to give users an understanding of the hardware functions of
the V850E/SJ3-H and V850E/SK3-H shown in the Organization below.

The manual of these products is divided into two volumes: Hardware (this volume)
and Architecture (V850E1 Architecture User’s Manual).

Hardware Architecture
¢ Pin functions ¢ Data types
¢ CPU function ¢ Register set
* On-chip peripheral functions e Instruction format and instruction set
¢ Flash memory programming e Interrupts and exceptions
e Electrical specifications ¢ Pipeline operation

It is assumed that the readers of this manual have general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

Caution The application examples in this manual apply to “standard” quality
grade products for general electronic systems. When using an
example in this manual for an application that requires a “special”
quality grade product, thoroughly evaluate the component and circuit
to be actually used to see if they satisfy the special quality grade.

To understand the overall functions of the V850E/SJ3-H and V850E/SK3-H
— Read this manual according to the CONTENTS.

To find the details of a register where the name is known
—Use APPENDIX B REGISTER INDEX.

Register format
—The name of the bit whose number is in angle brackets (<>) in the figure of the
register format of each register is defined as a reserved word in the device file.

To understand the details of an instruction function
— Refer to the VB50E1 Architecture User’s Manual available separately.

To know the electrical specifications of the V850E/SJ3-H and V850E/SK3-H
—See CHAPTER 35 ELECTRICAL SPECIFICATIONS.

The “yyy bit of the xxx register” is described as the “xxx.yyy bit” in this manual. Note
with caution that if “xxx.yyy” is described as is in a program, however, the
compiler/assembler cannot recognize it correctly.
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Conventions

The mark <R> shows major revised points. The revised points can be easily
searched by copying an “<R>” in the PDF file and specifying it in the “Find what:” field.

Data significance:
Active low representation:
Memory map address:

Note:

Caution:

Remark:

Numeric representation:

Prefix indicating power of 2
(address space, memory
capacity):

Higher digits on the left and lower digits on the right
XXX (overscore over pin or signal name)

Higher addresses on the top and lower addresses on
the bottom

Footnote for item marked with Note in the text
Information requiring particular attention
Supplementary information

Binary ... xxxx or xxxxB

Decimal ... xxxx

Hexadecimal ... xxxxH

K (kilo): 2'° = 1,024
M (mega): 2° = 1,024°
G (giga): 2*° = 1,024°
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Related Documents The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

Documents related to V850E/SJ3-H, V850E/SK3-H

Document Name Document No.
V850E1 Architecture User's Manual U14559E
V850E/SJ3-H, V850E/SK3-H Hardware User's Manual This manual

Documents related to development tools

Document Name Document No.
IE-V850E1-CD-NW (PCMCIA Card Type On-Chip Debug Emulator) U16647E
QB-V850ESX3H (In-Circuit Emulator) To be prepared
QB-V850MINI (On-Chip Debug Emulator) U17638E
QB-MINI2 (On-Chip Debug Emulator with Programming Function) U18371E
QB-Programmer Programming GUI Operation U18527E
CA850 Ver. 3.20 C Compiler Package Operation U18512E
C Language U18513E
Assembly Language U18514E
Link Directives U18515E
PM+ Ver. 6.30 Project Manager U18416E
ID850QB Ver. 3.40 Integrated Debugger Operation U18604E
TW850 Ver. 2.00 Performance Analysis Tuning Tool U17241E
RX850 Ver. 3.20 Real-Time OS Basics U13430E
Installation U17419E
Technical U13431E
Task Debugger U17420E
RX850 Pro Ver. 3.21 Real-Time OS Basics U18165E
In-Structure U18164E
Task Debugger U17422E
AZ850 Ver. 3.30 System Performance Analyzer U17423E
PG-FP5 Flash Memory Programmer U18865E
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CHAPTER 1 INTRODUCTION

The V850E/SJ3-H and V850E/SK3-H are the products in the NEC Electronics V850 single-chip microcontrollers
designed for real-time control applications.

1.1 General

The V850E/SJ3-H and V850E/SK3-H are 32-bit single-chip microcontrollers that include the V850E1 CPU core and
peripheral functions such as ROM/RAM, a timer/counter, serial interfaces, an A/D converter, and a D/A converter. As
for automotive LAN, the V850E/SJ3-H and V850E/SK3-H are provided with IEBus™ (Inter Equipment Bus™), and
some of the models are also provided with CAN (Controller Area Network).

In addition to high real-time response characteristics and 1-clock-pitch basic instructions, the V850E/SJ3-H and
V850E/SK3-H feature multiply instructions, saturated operation instructions, bit manipulation instructions, etc., realized
by a hardware multiplier, as optimum instructions for digital servo control applications. Moreover, as a real-time control
system, the V850E/SJ3-H and VB850E/SK3-H enable extremely high cost performance for automotive-use multimedia
equipment such as car audio systems.

Table 1-1 lists the products of the V850E/SJ3-H and V850E/SK3-H.

A model of the VB50E/SJ3-H and V850E/SK3-H with reduced 1/O, timer/counter, and serial interface functions,
VB50ES/SJ3, is also available. See Table 1-2 List of VB50ES/SJ3 Products.
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CHAPTER 1

INTRODUCTION

Table 1-1. V850E/SJ3-H and V850E/SK3-H Products (1/2)

(a) V850E/SJ3-H (144-pin plastic LQFP (20 x 20))

Function ROM RAM Size | Operating I’'C Automotive LAN | Maskable Interrupts Non-
Type Size (+ Expanded| Frequency External | Internal Maskable
Internal RAM|  (MAX.) Interrupts

Part Number Size)
uPD70F3474 | Flash 1280 KB | 60 KB 48 MHz On-chip | IEBus: 1 ch 10 94 2
LPD70F3475 | memory (+32KB) IEBUS/CAN: 1 ch 98
uPD70F3476 IEBus/CAN: 1 ch, 102

CAN:1ch
uPD70F3477 1536 KB IEBus: 1 ch 94
uPD70F3478 IEBus/CAN: 1 ch 98
#PD70F3479 IEBus/CAN: 1 ch, 102

CAN: 1 ch
uPD70F3931 512 KB 60 KB IEBus: 1 ch 88
4PD70F3932 (None) IEBus/CAN: 1 ch 92
#PD70F3933 IEBus/CAN: 1 ch, 96

CAN: 1 ch
uPD70F3934 768 KB 60 KB IEBus: 1 ch 94
4PD70F3935 (+16 KB) IEBus/CAN: 1 ch 98
uPD70F3936 IEBus/CAN: 1 ch, 102

CAN: 1 ch
uPD70F3937 1024 KB IEBus: 1 ch 94
#PD70F3938 IEBus/CAN: 1 ch 98
uPD70F3939 IEBus/CAN: 1 ch, 102

CAN: 1 ch

Remark Also read Caution and Remark on the next page.
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CHAPTER 1

INTRODUCTION

Table 1-1. V850E/SJ3-H and V850E/SK3-H Products (2/2)

(b) V850E/SK3-H (176-pin plastic LQFP (24 x 24))

Function ROM RAM Size | Operating I’C Automotive LAN | Maskable Interrupts Non-
Type Size (+ Expanded| Frequency External | Internal Maskable
Internal RAM|  (MAX.) Interrupts
Part Number Size)
#PD70F3480 | Flash 1536 KB | 60 KB 48 MHz On-chip | IEBus: 1 ch 10 94 2
4PD70F3481 | memory (+32KB) IEBus: 1 ch, 98
CAN: 1 ch
#PD70F3482 IEBus: 1 ch, 102
CAN: 2 ch
1PD70F3486 1280 KB IEBus: 1 ch 94
1PD70F3487 IEBus: 1 ch, 98
CAN: 1 ch
1PD70F3488 IEBus: 1 ch, 102
CAN: 2 ch
#PD70F3925 1024 KB | 60 KB IEBus: 1 ch 94
4PD70F3926 (+16KB) IEBus: 1 ch, 08
CAN: 1 ch
1PD70F3927 IEBus: 1 ch, 102
CAN: 2 ch
Caution Note with caution that in addition to the contents of the above table, the x4PD70F3931, 70F3932,

and 70F3933 also differ from the other products in terms of the following functions.

Remark

Part Number CSIE I’C
4PD70F3931, 70F3932, 70F3933 None 4ch
Other than £PD70F3931, 70F3932, and 70F3933 On-chip (2 ch) 6 ch

¢ CAN controller version
UPD70F3475, 70F3476, 70F3478, 70F3479, 70F3481, 70F3482, 70F3487, 70F3488, 70F3926,
70F3927, 70F3932, 70F3933, 70F3935, 70F3936, 70F3938, and 70F3939
¢ CAN controller (2-channel) version
HuPD70F3476, 70F3479, 70F3482, 70F3488, 70F3927, 70F3933, 70F3936, and 70F3939
e Expanded internal RAM version
uPD70F3474, 70F3475, 70F3476, 70F3477, 70F3478, 70F3479, 70F3480, 70F3481, 70F3482,
70F3486, 70F3487, 70F3488, 70F3925, 70F3926, 70F3927, 70F3934, 70F3935, 70F3936, 70F3937,
70F3938, and 70F3939
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CHAPTER 1 INTRODUCTION

Table 1-2. V850ES/SJ3 Products

Function ROM RAM Size | Operating I’'C Automotive LAN | Maskable Interrupts Non-

Type Size Frequency External | Internal | Maskable

Part Number (MAX.) Interrupts

#PD70F3344 | Flash 384 KB 32 KB 32 MHz On-chip | IEBus: 1 ch 9 64 2

uPD70F3345 | MeMOTY | 510KB | 40 KB

#PD70F3346 640 KB 48 KB

uPD70F3347 768 KB 60 KB

#PD70F3348 1024 KB | 60 KB

uPD70F3354 384 KB 32 KB IEBus/CAN: 1 ch

#PD70F3355 512 KB 40 KB

u#PD70F3356 640 KB 48 KB

uPD70F3357 768 KB 60 KB

#PD70F3358 1024 KB | 60 KB

uPD70F3364 384 KB 32 KB IEBus/CAN: 1 ch, 68

4PD70F3365 512KB |40 KB CAN: 1 ch

uPD70F3366 640 KB 48 KB

uPD70F3367 768 KB 60 KB

#PD70F3368 1024 KB | 60 KB

1.2 Features

O Minimum instruction execution time: 20.8 ns (operating with 48 MHz)
O General-purpose registers: 32 bits x 32 registers
O CPU features: Signed multiplication (16 x 16 — 32): 1 or 2 clocks
Signed multiplication (32 x 32 — 64): 1 or 2 clocks
Saturated operations (overflow and underflow detection functions included)
32-bit shift instruction: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format
Signed load instruction

O Memory space: 64 MB of linear address space (for programs and data)
<R> External expansion: Up to approximately 30 MB
e Internal memory: RAM: 60 KB (see Table 1-1)
Expanded internal RAM: 16/32 KB (see Table 1-1)
<R> Flash memory: 512/768/1024/1280/1536 KB (see Table 1-1)

e External bus interface: Separate bus/multiplexed bus output selectable
8-/16-bit data bus sizing function
Wait function
e Programmable wait function
e External wait function
Idle state function
Bus hold function
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O Interrupts and exceptions: Non-maskable interrupts: 2 sources
Maskable interrupts: 98/102/104/106/108/112 sources (see Table 1-1)
Software exceptions: 32 sources
Exception trap: 2 sources
O /O lines: I/O ports: 128 (V850E/SJ3-H)
156 (VB50E/SK3-H)
O Timer function: 16-bit interval timer M (TMM): 3 channels
16-bit timer/event counter P (TMP): 9 channels
(TMP7 and TMP8 include the encoder count function)
16-bit timer/event counter Q (TMQ): 1 channel

Watch timer: 1 channel
Real-time counter (RTC) 1 channel
Watchdog timer: 1 channel
O Real-time output port: 6 bits x 2 channels
O Serial interface:
Asynchronous serial interface A (UARTA): 6 channels
Asynchronous serial interface B (UARTB): 2 channels
3-wire variable length serial interface B (CSIB): 6 channels

3-wire variable length serial interface E (CSIE):
2 channels (Other than 4PD70F3931(V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H))
0 channels («PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H) only)
I’C bus interface (I°C):
6 channels (Other than xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H))
4 channels («PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H) only)

UARTA: 1 channel
UARTB: 2 channels
CSIB: 3 channels"*
CSIE:

1 channel (Other than xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933

(V850E/SJ3-H))

0 channels (#PD70F3931(V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H) only)
I’C:

2 channels (Other than ¢xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933

(V850E/SJ3-H))

1 channel («PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H) only)

CSIB/I’C: 1 channel
UARTA/CSIB: 1 channel
UARTA/CSIE:

1 channel (Other than xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H))
0 channels (4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)
only)

UARTA/ I°C: 2 channels™*
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UARTA/CSIB/IFC:

1 channel (Other than xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933

(V850E/SJ3-H))

0 channels (£PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)

only)

O |EBus controller:
O CAN controller:
O A/D converter:
O D/A converter:
O DMA controller:
O CRC function:

O DCU (debug control unit):

O ROM correction:
O Clock generator:

O Internal oscillation clock:
O Power-save functions:
O Package:

1.3 Application Fields

Note These channels can also be used in the following combinations.
CSIB: 2 channels
UARTA/I’C: 1 ch
CSIB (reception only)/UARTA/I’C: 1 channel

Caution In the V850E/SK3-H, serial interfaces can also be used in the

following combinations.
UARTA: 5 channels
UARTB: 2 channels
CSIB: 3 channels

CSIE: 2 channels

I’C: 4 channels
CSIB/FC: 2 channels
UARTA/CSIB: 1 channel

1 channel

1/2 channels (CAN controller version only)

10-bit resolution: 16 channels

8-bit resolution: 2 channels

4 channels

Generates 16-bit error detection code for data in 8-bit units
JTAG interface

8 correction addresses specifiable

During main clock or subclock operation

7-level CPU clock (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)
Clock-through mode/PLL mode/SSCG mode selectable
Clock generation function selectable by setting the option byte
220 kHz (TYP)
HALT/IDLE1/IDLE2/STOP/subclock/sub-IDLE mode
144-pin plastic LQFP (fine pitch) (20 x 20) (V850E/SJ3-H)
176-pin plastic LQFP (fine pitch) (24 x 24) (V850E/SK3-H)

Automotive-use multimedia such as car audio systems

User's Manual U19201EJ3VOUD

27



CHAPTER 1 INTRODUCTION

1.4 Ordering Information

1.4.1 V850E/SJ3-H

Part Number Package Internal ROM Quality Grade
(Flash Memory)
UPD70F3474GJA-GAE-G 144-pin plastic LQFP 1280 KB (A)
1PD70F3475GJA-GAE-G (fine pitch) (20 x 20)
1PD70F3476GJA-GAE-G
UPD70F3477GJA-GAE-G 1536 KB

HUPD70F3478GJA-GAE-G
uPD70F3479GJA-GAE-G
<R> | xPD70F3931GJA-GAE-G 512 KB
<R> | xPD70F3932GJA-GAE-G
<R> | xPD70F3933GJA-GAE-G
<R> | xPD70F3934GJA-GAE-G 768 KB
<R> | xPD70F3935GJA-GAE-G
<R> | uPD70F3936GJA-GAE-G
<R> | uPD70F3937GJA-GAE-G 1024 KB
<R> | uPD70F3938GJA-GAE-G
<R> | xPD70F3939GJA-GAE-G

Remark The V850E/SJ3-H microcontrollers are lead-free products.
Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by NEC

Electronics Corporation to know the specification of quality grade on the devices and its recommended
applications.

28 Users Manual U19201EJ3VOUD



<R>
<R>

<R>

CHAPTER 1 INTRODUCTION

1.4.2 V850E/SK3-H

Part Number Package Internal ROM Quality Grade
(Flash Memory)
H#PD70F3480GMA-GAR-G 176-pin plastic LQFP 1536 KB (A)
4PD70F3481GMA-GAR-G (fine pitch) (24 x 24)
H#PD70F3482GMA-GAR-G
H#PD70F3486GMA-GAR-G 1280 KB
#PD70F3487GMA-GAR-G
1PD70F3488GMA-GAR-G
H#PD70F3925GMA-GAR-G 1024 KB
H#PD70F3926GMA-GAR-G
#PD70F3927GMA-GAR-G

Remark The V850E/SK3-H microcontrollers are lead-free products.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by NEC
Electronics Corporation to know the specification of quality grade on the devices and its recommended

applications.

1.5 Pin Configuration (Top View)

1.5.1 V850E/SJ3-H

144-pin plastic LQFP (fine pitch) (20 x 20)

UPD70F3474GJA-GAE-G
UPD70F3475GJA-GAE-G
4PD70F3931GJA-GAE-G
UPD70F3934GJA-GAE-G
UPD70F3937GJA-GAE-G

UPD70F3476GJA-GAE-G
UPD70F3477GJA-GAE-G
1PD70F3932GJA-GAE-G
UPD70F3935GJA-GAE-G
UPD70F3938GJA-GAE-G
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uPD70F3478GJA-GAE-G
4PD70F3479GJA-GAE-G
4PD70F3933GJA-GAE-G
4UPD70F3936GJA-GAE-G
uPD70F3939GJA-GAE-G
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<R> Notes 1. SIEO, SOEO, SCKEO, SIE1, SOE1, SCKE1, SCL04, SDA04, SCL05, and SDAOQ5 are available only in
products other than the uPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(VB50E/SJ3-H).

2. Set this pin to low level in the normal operation mode.

3. Connect the REGC pin to Vss via a 4.7 uF capacitor.

4. Fix this pin to the low level from when the reset status has been released until the OCDM.OCDMO bit is
cleared (0) when the on-chip debug function is not used. For details, see 4.6.3 Cautions on on-chip
debug pins.

In addition, this pin incorporates a pull-down resistor and it can be disconnected by clearing the
OCDM.OCDMO bit.

5. CTXD1 and CRXD1 are valid only in the CAN controller (2-channel) version.

6. CTXDO and CRXDO are valid only in the CAN controller version.

7. Port 9 cannot be used as port pins or other alternate-function pins when the A0 to A15 pins are used in
the separate bus mode.

8. To use port 7 (P70/ANIO to P715/ANI15) as A/D converter function pins and port I/O pins in mix, be

sure to observe usage cautions (see 13.6 (4) Alternate 1/O).
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CHAPTER 1 INTRODUCTION
Pin names
A0 to A23: Address bus RD: Read strobe
ADO to AD15: Address/data bus REGC: Regulator control
ADTRG: A/D trigger input RESET: Reset
ANIO to ANI15: Analog input RTPOO to RTPO5,
ANOO, ANO1: Analog output RTP10 to RTP15: Real-time output port
ASCKAO: Asynchronous serial clock RXDAO to RXDAS5,
ASTB: Address strobe RXDBO0, RXDB1: Receive data
AVREeFo, AVREF1: Analog reference voltage SCKBO to SCKB5,
AVss: Analog Vss SCKEO, SCKET1: Serial clock
BVob: Power supply for bus interface  SCLOO0 to SCLO05: Serial clock
BVss: Ground for bus interface SDAOQO to SDAO5: Serial data
CLKOUT: Clock output SIBO0 to SIB5, SIEOQ, SIET: Serial input
CRXDO0, CRXD1: CAN receive data SOBO0 to SOB5, SOEO, SOE1: Serial output
CS1to CS3: Chip select TECR7, TECRS: Timer encoder clear input
CTXDO0, CTXD1: CAN transmit data TENC70, TENC71,
DCK: Debug clock TENCB80, TENC81: Timer encoder input
DDI: Debug data input TIPOO, TIPO1,
DDO: Debug data output TIP10, TIP11,
DMS: Debug mode select TIP20, TIP21,
DRST: Debug reset TIP30, TIP31,
EVop: Power supply for port TIP40, TIP41,
EVss: Ground for port TIP50, TIP51,
FLMDO, FLMD1: Flash programming mode TIP6O, TIP61,
HLDAK: Hold acknowledge TIP70, TIP71,
HLDRQ: Hold request TIP80, TIP81,
1ERXO: IEBus receive data TIQOO to TIQO3: Timer input
IETXO0: IEBus transmit data TOPO00, TOPO1,
INTPO to INTP9: External interrupt input TOP10, TOP11,
KRO to KR7: Key return TOP20, TOP21,
NMI: Non-maskable interrupt request TOP30, TOP31,
P00 to PO6: Port 0 TOP40, TOP41,
P10, P11: Port 1 TOP50, TOP51,
P30 to P39: Port 3 TOP60, TOP61,
P40 to P42: Port 4 TOP70, TOP71,
P50 to P55: Port 5 TOP80, TOP81,
P60 to P615: Port 6 TOQOO0 to TOQO3: Timer output
P70 to P715: Port 7 TXDAO to TXDAS5,
P80, P81: Port 8 TXDBO, TXDB1: Transmit data
P90 to P915: Port 9 Vob: Power supply
PCDO to PCDa3: Port CD Vss: Ground
PCMO to PCM5: Port CM WAIT: Wait
PCSO0 to PCS7: Port CS WRO: Lower byte write strobe
PCTO to PCT7: Port CT WR1: Upper byte write strobe
PDHO to PDH7: Port DH X1, X2: Crystal for main clock
PDLO to PDL15: Port DL XT1, XT2: Crystal for subclock

RC1CK1HZ,
RC1CKDIV, RC1CKO:

Real-time counter clock output

User's Manual U19201EJ3VOUD
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1.5.2 V850E/SK3-H

176-pin plastic LQFP (fine pitch) (24 x 24)

4PD70F3480GMA-GAR-G uPD70F3481GMA-GAR-G uPD70F3482GMA-GAR-G
uPD70F3486GMA-GAR-G HuPD70F3487GMA-GAR-G HuPD70F3488GMA-GAR-G
HPD70F3925GMA-GAR-G uPD70F3926GMA-GAR-G uPD70F3927GMA-GAR-G

32 User's Manual U19201EJ3VOUD



CHAPTER

1

INTRODUCTION

NN a
§8f8832888 ornoye B - PO
O r AN OSINONDOSSSSSS 2or~e©
2522572225222222 <9 IISIII22222%
SSSSSSSS550 0000y QYs9 8T PR BT RLLLoo033588S
NSV SISINI IS S S RS E Sl tolalatalalalalalalalalalalalalaYa]a]
o o o W W T T T o o o o o N T T O T T W T T T T W W W Y W W W W W W o
N PN L O R RN OO NN SR RN O ONE COORN O T ONCOR RN @D Y @
NENNENANNOOOOOOOOOOULLLLLLLLLLSTITITIITIITITITOOOOMNOM
I e e ik 132]=-0 POLY/ADS
AVss 2 131 | =0 PDL2/AD2
P10/ANOO O=—=| 3 O 130 [+-=O PDL1/AD1
P11/ANO1 870 4 129 08 PDLO/ADO
AVreri 5 128|=—=O P133
POO/TIP61/TOP61/SDA04 Qe 6 127 |0 P132
PO1/TIP60/TOP60/SCL04 O~ 7 126 |0 P131
P20/SDA04 O=—=] 8 125 |=—=0 P130
P21/5GL04 O] 9 124}—0 BVoo
FLMDO™®' O—=] 10 1230 BVss
Yog O—— 11 1220 PCT7
REGC""*? Qwt—n] 12 121 |=—=O PCTE/ASTB
Vss O—— 13 120 |=—>QPCT5 __
X1 O—»| 14 119|=—=O PCT4/RD
x2 O— 15 118|=—=O PCT3
RESET O=—»| 16 117 |==Q PCT2
XT1 O—»| 17 116 | =0 PCT1/WR1
XT2 O— 18 115 =0 PCTO/WRO
PO2/NMI Q== 19 114}==Q PCS7
PO3/INTPO/ADTRG O~ 20 113 |=—=Q PCS6
b PO4/INTPY O~ 21 112|==Q PCS5
05/INTP2/DRST -~ Q=] 22 111 |0 PCS4
PO6/INTP3 Q=] 23 110|=—=O PCM5
P40/SIBO/SDA0T O~ 24 109 |=—=O PCM4
P41/SOB0/SCLO1 O] 25 108 |=—=0 PCM3/HLDRQ
P42/SCKBO/INTP2 Q=] 26 107 |==O PCM2/HLDAK
O] 27 106 | =0 PCM1/CLKOUT
P44/[ETXQ O=—{ 28 105 |0 PCMO/WAIT
P45/[ERX0 O=+=| 29 104 |=—~O PCS3/CS3
P30/TXDA0/SOB4 O-=—={ 30 103 |+ PCS2/CS2
P31/RXDAV/INTP7/SIB4 O~ 31 102|==O PCS1/CS1
P32/ASCKAO/SCKBA4/TIPO0/TOPOQ O] 32 101 |==0 PCSO
P33/TIPO1/TOPO1/CTXD1 e, O~—=] 33 100 |0 PCD3/TXDB1
P34/TIP10/TOP10/CRXD1"*"* Q=] 34 99 |-=—=0 PCD2/RXDB1
P35/TIR11[TOP11 Q== 35 98|==Q PCD1/TXDBO
P36/CTXDOe /IETX0 O~—=] 36 97 [0 PCDO/RXDBO
P37/CRXD0"*® YIERX0 O~ 37 96 [=—=O P153/INTP6
EVss O—| 38 95 f=—=-O P152/INTP9
EVoo O——{ 39 94 =0 P151/TXDA1
P38/TXDA2/SDAQQ/SIB2 O] 40 930 P150/RXQAI/KR7
P39/RXDA2/SCLO0/SCKB2 Q~t—»] 41 92|=-=Q P915/A15,°¢ /INTP6/TIPS0/TOP50
P310/SOB2 Oa—w] 42 91 |0 P914/A14% YINTP5/TIP51/TOP51
P311/TXDA2 Qen-| 43 90 |0 PO13/A13" YINTP4
P312/RXDA2 Ot—w] 44 89 |0 P912/A12""*/SCKB3
LONDDO-—ANDTLONOVIOT-ANNTLLONODNIO T~ NNTLONDDIO - AN®MTWO©ND
FITTTTLOLLOLLOLVLOLOOOVNOOOOOOOOWOWONNNNNNNNNRNO 0 0 0 0 O
OOO0O0O0OO00O0OO0OOO0OOOOOOOOOOOOOOO0VOOOOOOOOOOOOO0O
8508823 NI P88 8RR RR RS 8828822885 n P NRapaa
a = < J=>=>Lf0g < =
EEqO00LQag8<XZEa02902200ulgy 2300230656556 3523
CLoSIBreIFNUUEEDQQUW- L2 OOV EDRESESE IS o~
SNE PR RS I FOnoBBEESEEaD SO ARIB-N=Q 308 o8 8
oY=l e e R S o e e e s e 0PI ETF oS & 28
T L I e e Xy
SIH s ArEE o D = EEFES9<D
SE88EE SSIRARGELOEESSe ¥ EESSRSSRRESS
S 4 o r-NdrEa o9 = 2 N2 g @ prpy
85508 ERLgSEcBRSPEBER  gb  fEyILELe £dp
EES50E & £ILRogrrtit 2 SESRIRSG
S=52 R0 o5 x}_hat E': Dg § T8 J2 of
CC =030 [ 0ze33 ) < LXaz g2 or
YXEEBn 03 28 oo a9 2 otud g
sraba g 52 oo ) SN
wa T2 o 2a I S o v o
oEX < [N7) 25 iox @ 2 a
ERNS Eo o £ a0
=0 Lo >
nog 0 a
o @ ©
> o
tel
o

Notes 1.
2.

Set this pin to low level in the normal operation mode.
Connect the REGC pin to Vss via a 4.7 uF capacitor.

3. Fix this pin to the low level from when the reset status has been released until the OCDM.OCDMO bit is
cleared (0) when the on-chip debug function is not used. For details, see 4.6.3 Cautions on on-chip

debug pins.

In addition, this pin incorporates a pull-down resistor and it can be disconnected by clearing the

OCDM.OCDMO bit.

CTXD1 and CRXD1 are valid only in the CAN controller (2-channel) version.

5. CTXDO0 and CRXDO are valid only in the CAN controller version.
6. Port 9 cannot be used as port pins or other alternate-function pins when the A0 to A15 pins are used in

the separate bus mode.

7. To use port 7 (P70/ANIO to P715/ANI15) as A/D converter function pins and port 1/O pins in mix, be
sure to observe usage cautions (see 13.6 (4) Alternate 1/0).
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Pin names

A0 to A23:
ADO to AD15:
ADTRG:

ANIO to ANI15:
ANOO, ANOT1:
ASCKAO:
ASTB:

AVRero, AVREF1:
AVss:

BVbb:

BVss:
CLKOUT:

CRXDO0, CRXD1:

CS1 to CS3:

CTXDO, CTXD1:

DCK:
DDI:
DDO:
DMS:
DRST:
EVob:
EVss:

FLMDO, FLMD1:

HLDAK:
HLDRQ:
1ERXO0:
1ETXO0:

INTPO to INTP9:

KRO to KR7:
NMI:

P00 to P06:
P10, P11:

P20, P21:

P30 to P312:
P40 to P45:
P50 to P57:
P60 to P615:
P70 to P715:
P80 to P85:
P90 to P915:
P130 to P133:
P140 to P145:
P150 to P153:
PCDO to PCD3:
PCMO to PCM5:
PCSO0 to PCS7:
PCTO to PCT7:
PDHO to PDH7:

34

Address bus
Address/data bus

A/D trigger input

Analog input

Analog output
Asynchronous serial clock
Address strobe

Analog reference voltage
Analog Vss

Power supply for bus interface
Ground for bus interface
Clock output

CAN receive data

Chip select

CAN transmit data

Debug clock

Debug data input

Debug data output
Debug mode select
Debug reset

Power supply for port
Ground for port

Flash programming mode
Hold acknowledge

Hold request

IEBus receive data

IEBus transmit data
External interrupt input
Key return

Non-maskable interrupt request

Port 0
Port 1
Port 2
Port 3
Port 4
Port 5
Port 6
Port 7
Port 8
Port 9
Port 13
Port 14
Port 15
Port CD
Port CM
Port CS
Port CT
Port DH

PDLO to PDL15:
RC1CK1HZ, RC1CKDIV,
RC1CKO:

RD:

REGC:

RESET:

RTPOO to RTPO5,
RTP10 to RTP15:
RXDAO to RXDAS5,
RXDBO0, RXDB1:

SCKBO to SCKB5,
SCKEO, SCKEH1:

SCLOO0 to SCLO05:
SDAO0O to SDAO5:

SIBO to SIB5, SIEO, SIE1:

SOBO to SOB5, SOEO, SOET:

TECR7, TECRS:
TENC70, TENC71,
TENC80, TENCS81:
TIPOO, TIPO1,
TIP10, TIP11,
TIP20, TIP21,
TIP30, TIP31,
TIP40, TIP41,
TIP50, TIP51,
TIP60, TIP61,
TIP70, TIP71,
TIP8O, TIP81,
TIQOO0 to TIQO3:
TOPO00, TOPO1,
TOP10, TOP11,
TOP20, TOP21,
TOP30, TOP31,
TOP40, TOP41,
TOP50, TOP51,
TOP60, TOP61,
TOP70, TOP71,
TOP80, TOP81,
TOQO0 to TOQOS3:
TXDAO to TXDA5,
TXDBO, TXDBH1:
\/bb:

Vss:

WAIT:

WRO:

WR1:

X1, X2:

XT1, XT2:
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Port DL

Real-time counter clock output
Read strobe

Regulator control

Reset

Real-time output port
Receive data

Serial clock

Serial clock

Serial data

Serial input

Serial output

Timer encoder clear input

Timer encoder input

Timer input

Timer output

Transmit data

Power supply

Ground

Wait

Lower byte write strobe
Upper byte write strobe
Crystal for main clock
Crystal for subclock
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CHAPTER 1 INTRODUCTION
1.6 Function Block Configuration
1.6.1 Internal block diagram
(1) V850E/SJ3-H
CPU
NMI—= V850E1 GPU MEMC
INTPO to INTPY > INTC_[|<= — S
11000 to Tiqoa —] 16-bittmer/ | 7] {ntructon FLDAR
to counter Q: K/ DMAC [<—] PC L uewe ASTB
TOQOO0 to TOQO3<—  1ch | D
TIPOO to TIP8O, ROM 32-bit barrel Multiplier WAIT
TIPO1 to TIP81, =1 — [z shifer  |[]3232 - 64 WRO, WRT
TECR7, TECRS, 16-bit timer/ g
TENC70, TENC71, counter P: K= | [votee—{ £ System  ||=>] BCU AO to A23
TENCB80, TENC81 9ch < registers ADO to AD15
TOPOO to TOP80, —| L1 B — CS1to CS3
TOPO1 to TOP81 RA| General-purpose _ Expanded internal
alalll registers 32 RAMNete 3
16-bit interval L bitsx32 |
timer M:
3c¢ch [ ﬁ Note 4
RTPOO to RTP05 o :
0 s
RTP10to RTP15 “—| RO U
: TXDAO/SOB4 ~—] :
; RXDAO/SIB4 ——~{UARTAO| CSIB4 L] ! @ @
: ASCKAQ/SCKB4 =—=] ;
; | Ports | a5 CG | cLkouT
' TXDA1/SDA02 ~—{yarTA1| 12c02 K= ! g% XT1
: RXDA1/SCL02 =~ : £3 T
: | eeppegeseesya-s - X1
: TXDA/SDA0 ~—~laeras|pcoo k|| BEERREREEESSSES - x2
: RXDA2/SCLO0 ~—1 | Sc2eoc02882255525 ~— RESET
: H «ggog;oﬂ-ggmvm&o
: SAKRE | 2Zo9sSaf ER*E% o
"TXDA5/SCKB5/SCLO5M? =] 1| 852930
! RXDAS5/SOB5/SDA05M e ~—~lumisfcsipsfecosk—{i | =& Sa & v
; SIBs — 1 : L—— ANIO to ANI15 Foa VDD
' ' egulator [—— Vss
! TXDA4/SOEQ%e3 . | oo e Aves . | Recc
5 RXDA4/SIEQ"'*® ——~{UARTA4{ CSIEO [ ! ADTRG
; SCKEQMe? == ; —— FLMDO
E SIBO/SDAO1 ; - —— FLMD1
'3 SOBOSCLOT ~—~[cSIBO| 001 k! [ commamter | AVREF — BVoo
Pg, SCKBO ~—~| : ——> ANOD, ANO1 Bves
] ; — EVop
H ' Key return
b5 TXDA3 =—  agTA3 i [ KROto KR7 EVss
D E RXDA3 —~ : e me e eamemeenanaen ,
P 3 : [ Watehdog DRST !
| @  TXDBO, TXDB1 <——| UARTBO, |~/ et : DMS
: RXDBO, RXDB1 ——| UARTB1 : : L :
: ; A | bcu DDl
' + [<=>{ Watch timer : :
: SIB1 to SIB3 —— : : DeK-
H SOB1 to SOB3 <———|CSIB1 to CSIB3K—>{* RC1CK1HZ, H DDO :
i SCKBTto SCKB3 < i< RTC [=—=>RCiCKDIV, 5 :
; ; RC1CKO
; Sl — ; :
; SOE1Mees = CSIETNotes |—f: CTXDO* STETYO
; SCKETNe3 =—=] ! [C|RsO [ EBus CRXDO®SIERX0
i SDA03, SDA04™®ed < 003,  L—:
| SCL03, SCLO4Nt3 <> [2CogNotes Hle=| canghores CTXD1MNotes
: A ~—— CRXD1Metes
Notes 1. 512/768/1024/1280/1536 KB (flash memory) (see Table 1-1)
2. 60 KB (see Table 1-1)
3. Not available in the gPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933

(V850E/SJ3-H)

16/32 KB (see Table 1-1)
5. CAN controller version only

6. CAN controller (2-channel) version only
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Notes 7. Another type of the block diagram is available in accordance with the combination of port sharing.

TXDAO/SOB4 ~— ==
RXDAQ/SIB4 ——=|UARTAO| CSIB4 [ —|
ASCKAO/SCKB4 ~—
TXDA1/SDA02 ~——|yaRTA1| I2C02 K—
RXDA1/SCLO2 ~—
TXDA2/SIB2/SDA00 ~—{ ol ciE2|e
RXDA2/SCKB2/SCLO0 ~—* CSIB2|FC00<—
TXDA5/SCKB5/SCLO5N 3 «—m Note 3
RXDAS5/SOB5/SDAQ5Nete 3 ~—=ARTAS| CSIB5|ECO5 K—"
SIB5 —»
TXDA4/SOEQNete3 o Note 3
RXDA4/SIEQV'*2 ——={UARTA4f CSIEO |—]
SCKEoNotea ]
SIBO/SDAQT ~—=|
SOB0/SCL01 =—{CSIBO| 12Co1 k—>
SCKBO =~
TXDA3 =— L —
RXDA3 .| UARTA3
TXDBO, TXDB1 <— UARTBO, [—|
RXDBO, RXDB1 ——>{ UARTB1
SIB1, SIB3 T
SOB1, SOB3 <——|CSIB1, CSIB3K—
SCKB1, SCKB3 <—i
S|E1Note3 -
SOE{Nete3 «——| CSIE1Note3 L
WNoteﬁ — ]
SDA03, SDA04N3 <>  PC03, |
SCLO3, SCLO4Nete3 5  |2CO4Notes
o

8. The serial transmit data output pin (SOB2) is not provided.
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CHAPTER 1 INTRODUCTION
(2) V850E/SK3-H
CPU
NMI —{—~] V850E1 CPU MEMC
INTPO to INTPY > _INTC_[<= — __
. M Instruction HLDRQ
TIQ00 to TIQ03 ——>{ 16-bit timer/ DMAC [<=> PC F————1 queue ?g%’"‘
TOQO0 to TOQO3<—]  1ch ] RD
TIPOO to TIP80, 32-bit barrel Multiplier WAIT
TIPO1 to TIP81, —] ROM = shifter  ||—]32x 32 - 64 WRO, WAT
TECR7, TECRS, 16-bit timer/ 3
TENC70 to TENG71, comtor B oo || £ System BCU A0 to A23
TENC80 to TENC81 9ch s registers ADO to AD15
TOPOO to TOPS0, L1 (2 1 CS1 to CS3
TOPO1 to TOP81 RAM G";ggi’g;:g’é’se Expanded internal
— , RAM
16-bit interval bits x 32
timer M: vote 2| f}
3ch Note 3
{}
RTPOO to RTPO5, T
RTP10to RTP15 < RTO u
; TXDAO/SOB4 = | : 5
: RXDAO/SIB4 ——=|UARTAO| CSIB4 ||} @ @
: ASCKAQ/SCKB4 ~— :
| Ports | 25 CG | cLkout
; TXDA1/SDA02 ~—=1{arTa1| 1PC02 K= 52 = XT1
; RXDA1/SCLO2 == : 3 T2
H : ONNNOLOOOLOWOOWNL N =~ © -
: (| SZEBE883I8 28R niES .
: TXDA2/SDA00 =—=|jpraz|rco0 k]! | DR ERPPracagaa’sza S5 sscel — X2
: RXDA2/SCLO0 == 1| Coeoccofeeesees R3S . RESET
: H 25ooto9ogodogonIolas
: —— 1| 9SE5aSaRIfperpecy o
! TXDA5/SCKB5/SCLO5 ‘| acRogoaan
i RXDA5/SOB5/SDA05 Unrmig csiBs{FCoske— 1 [ =& oo v
; SIB5 : L—— ANIO to ANI15 roaul VDD
' ' egulator [—— Vss
; TXDA4/SOE0 ~—] == R v ° I REGC
: RXDA4/SIEQ ——~{UARTA4 CSIE0 f—n): ADTRG
D SCKEQ ~—~ 5 —— FLMDO
| 8 SIBO/SDAO1 5 — — FLMD1
i 8 soBUSCLO1 ~—|cSIBO| P00t knlt [ o ey [ AVrER —— BVoo
P SCKBO ~—+ : [——> ANOO, ANO1 — Bve
18 :
- : K — EVoo
P E TXDA3 =—| yagTAs K= '-— KRO to KR7 — EVss
b3 RXDA3 —~| : oo nnaee .
: i || Watchdog ; DRST !
E TXDBO, TXDB1 <——| UARTBO, |-—: Lmer 2 : DMS
: RXDBO, RXDB1 —>| UARTB1 : - | ooy ke oD :
H 1+ |<—>{ Watch timer : :
: SIB1to SIB3 ——> : : DCK ;
: SOB1 to SOB3 <——|CSIB1 to CSIB3[<—{: RC1CK1HZ, : DDO
; SCKB1 to SCKB3 <— ilk= RTC | —>RCiCKDI, : :
: : RC1CKO
: SIE1 — :
' SOE1 =— CSIE1 <j:j>i CTXDONote 4
: SCKET ~— ! [<—| CANoRNete CRXDONete 4
: SDAO03, SDA04 <—{ 2 2cos K= 5
: SCLO3, SCLo4 <—f | 008 1'Co4 =] caniNotes CTXD1Notes
: ' CRXD1Nete
IETX0
<—> IEB
Yl iERX0
N
Notes 1. 1024/1280/1536 KB (flash memory) (see Table 1-1)
2. 60 KB (see Table 1-1)
3. 16/32 KB (see Table 1-1)
4. CAN controller version only
5. CAN controller (2-channel) version only
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Note 6. An example of port sharing combinations is shown in the following block diagram.

TXDA0O/SOB4 —-— T
RXDAO0/SIB4 —|UARTAO| CSIB4
ASCKAO/SCKB4 —~—=

I

SIBO/SDAQ1 ——
SOB0/SCLO1 =~—{CSIBO| I2CO1
SCKBO ~=—

SIB2/SDA00 ~—
SOB2/SCLO0 -—{CSIB2| 12C00
SCKB2 —=—=

TXDAT1 to TXDA5 <—] UARTAT1 to
RXDA1 to RXDA5 ——> UARTAS5

TXDBO, TXDB1 <—] UARTBO,
RXDBO0, RXDB1 ——>{ UARTBH1

SIB1, SIB3, SIB5 >
SOB1, SOB3, SOB5 <—] CS'Bgé%%'st
SCKB1, SCKB3, SCKB5 <—

SIEO, SIE1 —
SOEQO, SOE1 -~——|CSIEOQ, CSIE1
SCKEO, SCKE1 —~—

AT O N

SDAO02 to SDA04 <—>

2 2,
SCL02 to SCLO4 <—|! C0210 FC05
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1.6.2

(1)

)

3

()

®)

(6)

@

Internal units

CPU

The CPU uses five-stage pipeline control to enable single-clock execution of address calculations, arithmetic
logic operations, data transfers, and almost all other instruction processing.

Other dedicated on-chip hardware, such as a multiplier (32 bits x 32 bits — 64 bits) and a barrel shifter (32
bits) contribute to faster complex processing.

Bus control unit (BCU)

The BCU starts a required external bus cycle based on the physical address obtained by the CPU. When an
instruction is fetched from external memory space and the CPU does not send a bus cycle start request, the
BCU generates a prefetch address and prefetches the instruction code. The prefetched instruction code is
stored in a CPU internal instruction queue.

The BCU controls a memory controller (MEMC) and accesses an external memory and an expanded internal
RAM.

(a) Memory controller (MEMC)
Controls access to SRAM, external ROM, and external I/O.

ROM

This is a 1536/1280/1024/768/512 KB flash memory mapped to addresses 0000000H to 017FFFFH/0000000H to
013FFFFH/0000000H to 00FFFFFH/0000000H to 00BFFFFH/0000000H to 007FFFFH. It can be accessed from the
CPU in one clock during instruction fetch.

RAM
This is a 60 KB RAM mapped to addresses 3FFO000H to 3FFEFFFH. It can be accessed from the CPU in one
clock during data access.

Expanded internal RAM
This is a 32/16 KB RAM mapped to addresses 3FE4000H to 3FEBFFFH/3FE8000H to 3FEBFFFH. The
expanded internal RAM can be accessed in 3 bus cycles (min.).

Interrupt controller (INTC)

This controller handles hardware interrupt requests (NMI, INTPO to INTP9) from on-chip peripheral hardware
and external hardware. Eight levels of interrupt priorities can be specified for these interrupt requests, and
multiple servicing control can be performed.

Clock generator (CG)

A main clock oscillator that generates the main clock oscillation frequency (fx) and a subclock oscillator that
generates the subclock oscillation frequency (fxt) are available. As the main clock frequency, PLL input clock
frequency (frLui) is used as it is in the clock-through mode, is multiplied by eight or divided by 2 after multiplied
by eight in the PLL mode, and is multiplied by eight or twelve in the SSCG mode.

The CPU clock frequency (fcru) can be selected from seven types: fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, and fxr.
As the peripheral clock frequency (fxp), the main clock frequency (fxx) is used in the PLL mode, and the frLui
multiplied by eight or divided by 2 after multiplied by eight with PLL is used in the SSCG mode.
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Internal oscillator

An internal oscillator is provided on chip. The oscillation frequency is 220 kHz (TYP.). An internal oscillator
supplies the clock for watchdog timer 2 and timer M.

Timer/counter

Nine-channel 16-bit timer/event counter P (TMP) (encoder count function is provided for TMP7 and TMP8),
one-channel 16-bit timer/event counter Q (TMQ), and three-channel 16-bit interval timer M (TMM) are provided
on chip.

(10) Watch timer

This timer counts the reference time period (0.5 s or 0.25 s) for counting the clock (the 32.768 kHz from the
subclock or the 32.768 kHz fsra from prescaler 3). The watch timer can also be used as an interval timer for
the main clock.

(11) Real-time counter (for watch)

The real-time counter counts the reference time (1 second) from the subclock (32.768 kHz) or main clock for
watch counting. This can also be used as the interval timer based on the main clock at the same time.
Dedicated hardware counters for year, month, week, day, hour, minute, and second are provided, and the real-
time counter can count up to 99 years.

(12) Watchdog timer 2

A watchdog timer is provided on chip to detect inadvertent program loops, system abnormalities, etc.

Either the internal oscillation clock, the main clock, or the subclock can be selected as the source clock.
Watchdog timer 2 generates a non-maskable interrupt request signal (INTWDT2) or a system reset signal
(WDT2RES) after an overflow occurs.

With the option byte function, the operation mode of watchdog timer 2 can be fixed to the reset mode.

(13) Serial interface

The V850E/SJ3-H and V850E/SK3-H include five kinds of serial interfaces: asynchronous serial interface A
(UARTA), asynchronous serial interface B (UARTB), 3-wire variable-length serial interface B (CSIB), 3-wire
variable-length serial interface E (CSIE), and an I°C bus interface (I°C).

In the case of UARTA, data is transferred via the TXDAO to TXDA5 pins and RXDAO to RXDAS5 pins.

In the case of UARTB, data is transferred via the TXDBO and TXDB1 pins and RXDB0 and RXDB1 pins.

In the case of CSIB, data is transferred via the SOB0 to SOB5 pins, SIBO to SIB5 pins, and SCKBO to SCKB5
pins.

In the case of CSIE, data is transferred via the SOE0"*, SOE1"*, SIEQ"™", SIE1"", SCKE0"", and SCKE1"*"
pins.

In the case of I’C, data is transferred via the SDA0O to SDA03, SDA04""*, SDA05"", SCL00 to SCLO3,
SCL04"*, and SCLO5"" pins.

Note Not available in the xPD70F3931 (V850E/SJ3-H), and 70F3932 (V850E/SJ3-H), 70F3933 (V850E/SJ3-
H).

(14) IEBus controller

The IEBus controller is a small-scale digital data transmission system for transferring data between units.

(15) CAN controller

The CAN controller is a small-scale digital data transmission system for transferring data between units.
The CAN controller is provided only in the CAN controller version (see Table 1-1).
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(16) A/D converter
This 10-bit A/D converter includes 16 analog input pins. Conversion is performed using the successive
approximation method.

(17) D/A converter
A two-channel, 8-bit-resolution D/A converter that uses the R-2R ladder method is provided on chip.

(18) DMA controller
A 4-channel DMA controller is provided on chip. This controller transfers data between the internal RAM, on-
chip peripheral 1/0O, external memories, and expanded internal RAM in response to interrupt requests sent by
on-chip peripheral I/O.

(19) ROM correction
A ROM correction function that replaces part of a program in the internal ROM with a program in the internal
RAM is provided. Up to eight correction addresses can be specified.

(20) Key interrupt function
A key interrupt request signal (INTKR) can be generated by inputting a falling edge to key input pins (8
channels).

(21) Real-time output function
The real-time output function transfers preset 6-bit data to output latches upon the occurrence of a timer
compare register match signal.

(22) CRC function
A CRC operation circuit that generates 16-bit CRC (Cyclic Redundancy Check) code upon setting of 8-bit data
is provided on chip.

(23) DCU (debug control unit)
An on-chip debug function via an on-chip debug emulator that uses the JTAG (Joint Test Action Group)
communication specifications is provided. Switching between the normal port function and on-chip debugging
function is done with the control pin input level and the on-chip debug mode register (OCDM).
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(24) Ports
The general-purpose port functions and control pin functions are listed below.

Port 1/0 Alternate Function
<R> | PO 7-bit 110 Timer I/O, serial interface™**?, NMI, external interrupt, A/D converter trigger, debug
reset

P1 2-bit I/0 D/A converter analog output

pate! 2-bit 1/0 (V850E/SK3-H) Serial interface

P3 10-bit /0 (V850E/SJ3-H) External interrupt, serial interface, timer I/O, CAN data I/0"*°®, IEBus data I/O
13-bit 1/0 (V850E/SK3-H)

P4 3-bit /O (V850E/SJ3-H) Serial interface, external interrupt, IEBus data /0"’
6-bit 1/0 (V850E/SK3-H)

P5 6-bit I/0 (V850E/SJ3-H) Timer 1/O, real-time output, key interrupt input, external interrupt, serial interface,
8-bit I/O (V850E/SK3-H) debug I/0

P6 16-bit I/O Real-time output, serial interface, timer 1/O, encoder input, key interrupt input, external

interrupt

P7 16-bit I/O A/D converter analog input

P8 2-bit I/0 (V850E/SJ3-H) Serial interface, external interrupt, real-time counter output
6-bit 1/0 (V850E/SK3-H)

P9 16-bit 110 External address bus, serial interface, key interrupt input, timer I/O, external interrupt

P13’ 4-bit I/O (V850E/SK3-H) -

P14’ 6-bit 1/0 (VB50E/SK3-H) -

p15te! 4-bit I/0 (V850E/SK3-H) Serial interface, external interrupt, key interrupt input

PCD 4-bit I/0 Serial interface

PCM 6-bit 110 External control signal

PCS 8-bit 110 Chip select output

PCT 8-bit I/0 External control signal

PDH 8-bit I/0 External address bus

PDL 16-bit I/0 External address/data bus, flash memory programming mode input signal

Notes 1. V850E/SK3-H only
<R> 2. Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)

3. CAN controller version only
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CHAPTER 2 PIN FUNCTIONS

2.1 List of Pin Functions

The names and functions of the pins of the V850E/SJ3-H and V850E/SK3-H are described below.
There are four types of pin I/O buffer power supplies: AVrero, AVRer1, BVop, and EVobp. The relationship between
these power supplies and the pins is described below.

Table 2-1. Pin I/O Buffer Power Supplies

(a) V850E/SJ3-H

Power Supply Corresponding Pins
AVRrero Port 7
AVREF1 Port 1
BVoo Ports CD, CM, CS, CT, DH, DL
EVoo 'RESET, ports 0, 310 6, 8, 9

(b) V850E/SK3-H

Power Supply Corresponding Pins
AVrero Port 7
AVREF1 Port 1
BVop Ports 13, 14, CD, CM, CS, CT, DH, DL
EVoo RESET, ports 0, 210 6, 8, 9, 15
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CHAPTER 2 PIN FUNCTIONS

(1) Port pins

(1/6)
Pin Name Pin No. 110 Function Alternate Function
SJ3H [SK3-H
GJ | GM
<R> P00 6 6 110 Port 0 TIP61/TOP61/SDA04""*
<R> | Po1 7| 7 7-bit 1/O port TIP60/TOP60/SCLO4™"*
Input/output can be specified in 1-bit units.
P02 17119 N-ch open-drain output can be specified in 1-bit units. NMI
P03 18 | 20 5V tolerant. INTPO/ADTRG
P04 19 | 21 INTP1
Po5"*! 20 | 22 INTP2/DRST
P06 21 | 23 INTP3
P10 3 3 110 Port 1 ANOO
2-bit I/0 port
P11 4 4 Input/output can be specified in 1-bit units. ANO1
p20"? - 8 110 Port 2 (V850E/SK3-H only) SDAQ4""*?
2-bit 1/0 port
— Input/output can be specified in 1-bit units. p—
P21 - 9 N-ch open-drain output can be specified in 1-bit units. SCLO4
5V tolerant.
P30 25 | 30 110 Port 3 TXDA0/SOB4
P31 26 | 31 VB50E/SJ3-H: 10-bit I/O port RXDAO/INTP7/SIB4
V850E/SK3-H: 13-bit I/0O port
P32 27 | %2 Input/output can be specified in 1-bit units. ASCKAQ/SCKB4/TIPO0/TOP00
P33 28 | 33 N-ch open-drain output can be specified in 1-bit units. TIPO1/TOP01/CTXD1""**
P34 29 | 34 5V tolerant. TIP10/TOP10/CRXD1""*
P35 30 | 35 TIP11/TOP11
P36 31 36 CTXDO"" ¥/IETX0
P37 32 | 37 CRXDO0""*/IERX0
P38 35 | 40 TXDA2/SDA00/SIB2
P39 36 | 41 RXDA2/SCL00/SCKB2
P31 ONolez _ 42 SOBszeZ
P311Me? - | 48 TXDA2""?
p312te? - 44 RXDA2""*?

Notes 1. Fix this pin to the low level from when the reset status has been released until the OCDM.OCDMO bit is
cleared (0) when the on-chip debug function is not used. For details, see 4.6.3 Cautions on on-chip
debug pins. In addition, this pin incorporates a pull-down resistor and it can be disconnected by
clearing the OCDM.OCDMO bit.

2. V850E/SK3-H only
<R> 3. Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-
H)
4. CAN controller (2-channel) version only
5. CAN controller version only

Remark SJ3-H: V850E/SJ3-H
SK8-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)

GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(2/6)
Pin Name Pin No. 1/0 Function Alternate Function
SJ3H | SK3H
GJ | GM

P40 22 | 24 | I/O Port 4 SIB0/SDAO1

P2 o4 | 26 V850E/SK3-H: 6-bit I/O port SCKBO/INTP2
Input/output can be specified in 1-bit units.

P43"’ - | 27 N-ch open-drain output can be specified in 1-bit units. -

P44No!e1 _ 28 5 V tolerant. IETXONote1

P45Note 1 _ 29 I ERXONote 1

P50 37 | 45 | 1/O Port 5 KRO/TIQ01/TOQO01/RTP0O0

P51 38 | 46 V850E/SJ3-H: 6-bit I/O port INTP7/KR1/TIQ02/TOQO2/RTPO1
V850E/SK3-H: 8-bit I/O port

P52 39 | 47 L L KR2/TIQ03/TOQ03/RTP02/DDI
Input/output can be specified in 1-bit units.

P53 40 | 48 N-ch open-drain output can be specified in 1-bit units. SIB2KR3TIQO0 TOQOURTPODDO

P54 41 | 49 5V tolerant. SOB2/KR4/RTP04/DCK

P55 42 | 50 SCKB2/KR5/RTP05/DMS

P56M"" - | 51 RXDA4"*"

p57tee! - | B2 TXDA4""'

P60 43 | 53 | I/O Port 6 RTP10/RXDA4/SIEQ""?

P61 44 | 54 16-bit I/O port RTP11/TXDA4/SOEQ""?

o2 4 Input/output can be specified in 1-bit units. RTP12/SCKEG™?

5|5 N-ch open-drain output can be specified in 1-bit units.

P63 46 | 56 5V tolerant. RTP13/SIE1""*/KR4

P64 47 | 57 RTP14/SOE1""**KR5

P65 48 | 58 RTP15/SCKE1"**YKR2/TIQ03/TOQ03

P66 49 | 59 SIB5/INTP9/KR3/TIQ00/TOQ00

P67 50 | 60 SOB5/RXDA5/SDA05""**

P68 51 | 61 SCKB5/TXDA5/SCL05""?

P69 52 | 62 TIP70/TOP70/TENC70

P610 53 | 63 TIP71/TENCT71

P611 54 | 64 TOP71/TECR7

P612 55 | 65 TIP80/TOP80O/TENC80

P613 56 | 66 TIP81/TOP81/TENC81

P614 57 | 67 SDAO3/TECR8

P615 58 | 68 SCL03

Notes 1. V850E/SK3-H only
2. Not available in the £PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-
H)
Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(3/6)
Pin Name Pin No. 1{e] Function Alternate Function
SJ3H | SK3-H
GJ | GM
P70 144 |1 176 | 1/O Port 7 ANIO
P71 143 | 175 16-bit /O port ANI1
p7o 142 | 174 Input/output can be specified in 1-bit units. ANI2
P73 141 | 173 ANI3
P74 140 | 172 ANI4
P75 139 | 171 ANI5
P76 138 | 170 ANI6
P77 137 | 169 ANI7
P78 136 | 168 ANI8
P79 135 | 167 ANI9
P710 134 | 166 ANI10
P711 133 | 165 ANI11
P712 132 | 164 ANI12
P713 131 | 163 ANI13
P714 130 | 162 ANI14
P715 129 | 161 ANI15
P80 59 | 71 | /O Port 8 RXDA3/INTP8/RC1CK1HZ
P81 60 | 72 V850E/SJ3-H: 2-bit /O port TXDA3/RC1CKO/RC1CKDIV
pgo B 73 V850E/SK3-H: 6-bit 1/0 p.o.rt . o SDAOS™™
Input/output can be specified in 1-bit units.
P83 - | 74 N-ch open-drain output can be specified in 1-bit units. SCLO5™"
P84t - |75 5V tolerant. RXDA5""*
pas" - | 76 TXDA5™*

Note V850E/SK3-H only

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(4/6)
Pin Name Pin No. 1/0 Function Alternate Function
SJ3-H |SK3-H
GJ | GM
P90 61 77 | /0O Port 9 AO0/KR6/TXDA1/SDA02
P91 62 | 78 16-bit I/O port A1/KR7/RXDA1/KR7/SCL02
o2 63 9 Input/output can be specified in 1-bit units. Ao TIPA1 TOP41
’ N-ch open-drain output can be specified in 1-bit units.
P93 64 | 80 5V tolerant. A3/TIP40/TOP40/INTP8
P94 65 | 81 A4/TIP31/TOP31
P95 66 | 82 A5/TIP30/TOP30/INTP5
P96 67 | 83 A6/TIP21/TOP21
P97 68 | 84 A7/SIB1/TIP20/TOP20
P98 69 | 85 A8/SOB1
P99 70 | 86 A9/SCKB1
P910 71 87 A10/SIB3
P911 72 | 88 A11/SOB3
P912 73 89 A12/SCKB3
P913 74 | 90 A13/INTP4
P914 75 | 91 A14/INTP5/TIP51/TOP51
P915 76 | 92 A15/INTP6/TIP50/TOP50
P130™ - | 125 | 11O Port 13 (V850E/SK3-H only) -
p131Mte _ | 126 4-bit 1/0 port _
. Input/output can be specified in 1-bit units.
P132"* - 127 -
P133"" - | 128 -
P140™* - | 185 | 11O Port 14 (V850E/SK3-H only) -
p1aqtee _ | 156 6-bit I/0 port —
- Input/output can be specified in 1-bit units.
P142"* - | 157 -
P143""* - | 158 -
P144"" - 159 -
P145""* - | 160 -
P150"* - 93 | I/0 Port 15 (V850E/SK3-H only) RXDA1""/KR7""®
4-bit |
P151"* ~ | o4 itlO port o TXDA1™®
Input/output can be specified in 1-bit units.
p152"* - | 95 N-ch open-drain output can be specified in 1-bit units. INTPQ"™
oo 5V tolerant. Note
P153 - 96 INTP6
Note V850E/SK3-H only
Remark SJ3-H:V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SKS3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(5/6)

Pin Name Pin No. 1/0 Function Alternate Function

SJ3H| SK3H

GJ | GM
PCDO 77 | 97 | /O Port CD RXDBO
PCD1 78 | 98 4-bit /O port TXDBO
PCD2 79 | 99 Input/output can be specified in 1-bit units. RXDB1
PCD3 80 | 100 TXDB1
PCMO 85 | 105 | 1/O Port CM WAIT
PCM1 86 | 106 6-bit I/ port CLKOUT
POM2 &7 | 107 Input/output can be specified in 1-bit units. TDAK
PCM3 88 | 108 HLDRQ
PCM4 89 | 109 -
PCM5 90 | 110 -
PCSO 81 [ 101 | I/O Port CS -
PCS1 82 | 102 8-bit 1/0 port cs1
PCS2 83 | 103 Input/output can be specified in 1-bit units. Too
PCS3 84 | 104 cs3
PCS4 91 [ 111 -
PCS5 92 | 112 -
PCS6 93 | 113 -
PCS7 94 | 114 -
PCTO 95 | 115 | I/O Port CT WRO
PCT1 96 | 116 8-bit I/0 port WRi1
PCT2 07 | 117 Input/output can be specified in 1-bit units. B
PCT3 98 | 118 -
PCT4 99 | 119 RD
PCT5 100 | 120 -
PCT6 101 | 121 ASTB
PCT7 102 | 122 -
PDHO 121 | 145 | 1/O Port DH A16
PDH1 122 | 146 8-bit /O port A17
PDH2 123 | 147 Input/output can be specified in 1-bit units. A8
PDH3 124 | 148 A19
PDH4 125 | 149 A20
PDH5 126 | 150 A21
PDH6 127 | 151 A22
PDH7 128 | 152 A23
Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H

GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)

GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(6/6)
Pin Name Pin No. 1/0 Function Alternate Function
SJ3-H |SK3-H

GJ | GM
PDLO 105 | 129 | I/O Port DH ADO
PDL1 106 | 130 16-bit /O port AD1
bDL2 107 1131 Input/output can be specified in 1-bit units. D2
PDL3 108 | 132 AD3
PDL4 109 | 133 AD4
PDL5 110 | 134 AD5/FLMDA1
PDL6 111 | 135 AD6
PDL7 112 | 136 AD7
PDL8 113 [ 137 AD8
PDL9 114 | 138 AD9
PDL10 115 [ 139 AD10
PDL11 116 | 140 AD11
PDL12 117 | 141 AD12
PDL13 118 | 142 AD13
PDL14 119 | 143 AD14
PDL15 120 | 144 AD15

Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H

GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)

GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins

(1/10)
Pin Name Pin No. 110 Function Alternate Function
SJ3-H|SK3-H

GJ | GM
A0 61 | 77 | Output | Address bus for external memory P90/KR6/TXDA1/SDA02
A1 62 | 78 (when using separate bus) P91/KR7/RXDA1/KR7/SCLO2

Port 9 cannot be used as port pins or other alternate-
A2 63 179 function pins when the A0 to A15 pins are used in the P92/TIP41/TOP41
A3 64 | 80 separate bus mode. P93/TIP40/TOP40/INTP8
Ad 65 | 81 N-ch open-drain output selectable P94/TIP31 /TOP31
A5 66 | 82 >V tolerant. P95/TIP30/TOP30/INTP5
A6 67 | 83 P96/TIP21/TOP21
A7 68 | 84 P97/SIB1/TIP20/TOP20
A8 69 | 85 P98/SOB1
A9 70 | 86 P99/SCKB1
A10 71 87 P910/SIB3
A1 72 | 88 P911/SOB3
A12 73 | 89 P912/SCKB3
A13 74 | 90 P913/INTP4
Al4 75 | 91 P914/INTP5/TIP51/TOP51
A15 76 | 92 P915/INTP6/TIP50/TOP50
A16 121 | 145 | Output | Address bus for external memory PDHO
A17 122 | 146 PDH1
A18 123 | 147 PDH2
A19 124 | 148 PDH3
A20 125 [ 149 PDH4
A21 126 | 150 PDH5
A22 127 | 151 PDH6
A23 128 [ 152 PDH7
Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H

GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)

GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(2/10)
Pin Name Pin No. 1/0 Function Alternate Function
SJ3-H|SK3-H
GJ | GM
ADO 105 | 129 | I/O Address/data bus for external memory PDLO
AD1 106 | 130 PDL1
AD2 107 | 131 PDL2
AD3 108 | 132 PDL3
AD4 109 | 133 PDL4
AD5 110 | 134 PDL5/FLMD1
AD6 111 | 135 PDL6
AD7 112 | 136 PDL7
AD8 113 | 137 PDL8
AD9 114 | 138 PDL9
AD10 115 | 139 PDL10
AD11 116 | 140 PDL11
AD12 117 | 141 PDL12
AD13 118 | 142 PDL13
AD14 119 | 143 PDL14
AD15 120 | 144 PDL15
ADTRG 18 | 20 | Input A/D converter external trigger input, 5 V tolerant PO3/INTPO
ANIO 144 | 176 | Input Analog voltage input for A/D converter P70
ANI1 143 | 175 P71
ANI2 142 | 174 P72
ANI3 141 | 173 P73
ANI4 140 [ 172 P74
ANI5 139 (171 P75
ANI6 138 | 170 P76
ANI7 137 | 169 P77
ANI8 136 | 168 P78
ANI9 135 [ 167 P79
ANI10 134 | 166 P710
ANI11 133 [ 165 P711
ANI12 132 | 164 P712
ANI13 131 [ 163 P713
ANI14 130 | 162 P714
ANI15 129 | 161 P715
ANOO 3 3 | Output | Analog voltage output for D/A converter P10
ANO1 4 4 P11
ASCKAO 27 | 32 | Input UARTAO baud rate clock input, 5 V tolerant P32/SCKB4/TIP0O0/TOP0O0
ASTB 101 [ 121 | Output | Address strobe signal output for external memory PCT6
Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(3/10)
Pin Name | Pin No. 110 Function Alternate Function
SJ3-H|SK3-H
GJ | GM
AVReFo 1 1 - Reference voltage input for A/D converter, -
positive power supply for port 7
AVREeF1 5 5 Reference voltage input for D/A converter, -
positive power supply for port 1
AVss 2 2 - Ground potential for A/D and D/A converters -
(same potential as Vss)
BVop 104 | 124 - Positive power supply for bus interface and alternate- -
— | 153 function ports _
BVss 103 | 123 - Ground potential for bus interface and alternate- -
_ | 154 function ports _
CLKOUT 86 | 106 | Output | Internal system clock output PCM1
CRXDO™'| 32 | 37 | Input | CANO, CANA1 receive data input P37/IERX0
CRXD1™?| 29 | 34 5V tolerant P34/TIP10/TOP10
csi1 82 | 102 | Output | Chip select output PCSH1
Cs2 83 | 103 PCS2
CS3 84 | 104 PCS3
CTXDO™ ' | 31 | 36 | Output | CANO, CAN1 transmit data output P36/IETX0
CTXD1™*2 | 28 | 33 N-ch open-drain output selectable, 5V tolerant P33/TIPO1/TOPO1
DCK 41 | 49 Input | Debug clock input, 5 V tolerant P54/SOB2/KR4/RTP04
DDI 39 | 47 | Input | Debug data input, 5V tolerant P52/KR2/TIQ03/TOQ03/RTP02
DDO"*? 40 | 48 | Output | Debug data output P53/SI1B2/KR3/TIQ00/TOQ00/RTP03
N-ch open-drain output selectable, 5 V tolerant
DMS 42 | 50 Input | Debug mode select input, 5V tolerant P55/SCKB2/KR5/RTP05
DRST 20 | 22 Input | Debug reset input, 5V tolerant PO5/INTP2
EVop 34 | 39 - Positive power supply for external (same potential as -
_ 69 Vob) _
EVss 33 | 38 - Ground potential for external (same potential as Vss) -
— 70 —
FLMDO 8 10 Input | Flash memory programming mode setting pin -
FLMD1 110 | 134 PDL5/AD5
HLDAK 87 | 107 | Output | Bus hold acknowledge output PCM2
HLDRQ 88 | 108 | Input | Bus hold request input PCM3
IERX0 — | 29 | Input | IEBus receive data input, 5V tolerant p4steet
32 | 37 P37/CRXDO"""
IETX0 — | 28 | Output | IEBus transmit data output P44tes
31 | 36 N-ch open-drain output selectable, 5V tolerant P36/CTXDO""
Notes 1. CAN controller version only
2. CAN controller (2-channel) version only
3. In the on-chip debug mode, high-level output is forcibly set.
4. VB850E/SK3-H only
Remark SJ3-H:V850E/SJ3-H
SKB-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(4/10)
Pin Name| Pin No. 110 Function Alternate Function
SJ3-H|SK3-H
GJ | GM
INTPO 18 | 20 |Input External interrupt request input (maskable, analog noise | PO3/ADTRG
INTP1 19 | 21 elimination). Analog noise elimination/digital noise P04
elimination selectable for the INTP3 pin. ——
INTP2 20 | 22 5V tolerant P05/DRST
24 | 26 P42/SCKBO
INTP3 21 23 P06
INTP4 74 | 90 P913/A13
INTP5 66 | 82 P95/A5/TIP30/TOP30
75 | 91 P914/A14/TIP51/TOP51
INTP6 - | 96 P153""’
76 | 92 P915/A15/TIP50/TOP50
INTP7 26 | 31 P31/RXDA0/SIB4
38 | 46 P51/KR1/TIQ02/TOQ02/RTPO1
INTP8"™" 2| 59 | 71 P80/RXDA3/RC1CK1HZ
64 | 80 P93/A3/TIP40/TOP40
INTP9 49 | 59 P66/SIB5/KR3/TIQ00/TOQ00
- | 95 p152"*!
KROY™** | 37 | 45 |Input Key interrupt input (on-chip analog noise eliminator) P50/TIQ01/TOQ01/RTP00
KR1“=** | 38 | 46 5V tolerant P51/INTP7/TIQ02/TOQ02/RTPO1
KR2"v**¢ | 39 | 47 P52/TIQ03/TOQ03/RTP02/DDI
48 | 58 P65/RTP15/SCKET**/TIQ03/TOQ03
KR3Y™*7 | 40 | 48 P53/S1B2/TIQ00/TOQO0/RTP0O3/
DDO
49 | 59 P66/SIB5/INTP9/TIQ00/TOQ00
Notes 1. V850E/SK3-H only
2. To use the RXDA3 pin and INTP8 pin at the same time, use the RXDAS pin at Pin 59 and the INTP8
pin at Pin 64 for the V850E/SJ3-H, and use the RXDAS pin at Pin 71 and the INTP8 pin at Pin 80 for
the VB50E/SK3-H. In addition, when using the RXDA3 pin, always invalidate the edge detection
function of the INTP8 pin at Pin 59 (V850E/SJ3-H) and Pin 71 (V850E/SK3-H).
3. Pull this pin up externally.
4. Invalidate the edge detection function of the TIQO1 pin when using the KRO pin.
5. Invalidate the edge detection function of the TIQ02 pin when using the KR1 pin.
6. Invalidate the edge detection function of the TIQO3 pin when using the KR2 pin.
Although the KR2 and TIQO03 pins are assigned to two ports each, the pins cannot be used at the same
time at different ports.
7. Invalidate the edge detection function of the TIQOO0 pin when using the KR3 pin.
Although the KR3 and TIQOO pins are assigned to two ports each, the pins cannot be used at the same
time at different ports.
8. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-
H)
Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(5/10)
Pin Name Pin No. /0 Function Alternate Function
SJ3-H|SK3-H
GJ | GM
KR4"*" 41 | 49 | Input Key interrupt input (on-chip analog noise eliminator) P54/SOB2/RTP04/DCK
46 | 56 5V tolerant P63/RTP13/SIE1""*
KR5""" 42 |50 P55/SCKB2/RTP05/DMS
47 | 57 P64/RTP14/SOE1""*
KRe"*" 61 77 P90/A0/TXDA1/SDA02
KR7"""* | 62 | 78 P91/A1/RXDA1/KR7/SCL02
- |93 P150""*/RXDA1""*
NMI™*e? 17 | 19 | Input External interrupt input (non-maskable, analog noise P02
elimination)
5V tolerant
RC1CK1HZ| 59 | 71 | Output | Real-time counter correction clock (1 Hz) output P80/RXDAS3/INTP8
N-ch open-drain output selectable
5V tolerant
RC1CKDIV| 60 | 72 | Output | Real-time counter clock (32 kHz division) output P81/TXDA3/RC1CKO
N-ch open-drain output selectable
5V tolerant
RC1CKO 60 | 72 | Output | Real-time counter clock (32 kHz primary oscillation) output | P81/TXDA3/RC1CKDIV
N-ch open-drain output selectable
5V tolerant
RD 99 | 119 | Output | Read strobe signal output for external memory PCT4
REGC 10 (12 | - Connection of regulator output stabilization -
capacitance (4.7 uF)
RESET 14 | 16 | Input | System reset input -
RTPOO 37 | 45 | Output | Real-time output port P50/KR0O/TIQ01/TOQO1
RTPO1 38 | 46 N-ch open-drain output selectable P51/INTP7/KR1/TIQ02/TOQ02
RTPO2 39 |47 5V tolerant P52/KR2/TIQ03/TOQ03/DDI
RTPO3 40 | 48 P53/SIB2/KR3/TIQ00/TOQ00/DDO
RTPO4 41 49 P54/SOB2/KR4/DCK
RTPO5 42 | 50 P55/SCKB2/KR5/DMS
RTP10 43 | 53 P60/RXDA4/SIEQ"™"*
RTP11 44 | 54 P61/TXDA4/SOEQ""*
RTP12 45 | 55 P62/SCKEQ""*
RTP13 46 | 56 P63/SIE1""*‘/KR4
RTP14 47 | 57 P64/SOE1""**/KR5
RTP15 48 | 58 P65/SCKE1""/KR2/TIQ03/TOQ03
Notes 1. Pull this pin up externally.

2. Disable the reception operation of UARTA1 when using the KR7 pin. Although the KR7 and RXDA1
pins are assigned to two ports each, the pins cannot be used at the same time at different ports in the
V850E/SK3-H.

3. The NMI pin alternately functions as the P02 pin. It functions as P02 pin after reset. To enable the NMI
pin, set the PMCO0.PMCO02 bit to 1. The initial setting of the NMI pin is “No edge detected”. Select the
NMI pin valid edge using INTFO and INTRO registers.

4. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-
H)

5. V850E/SK3-H only

Remark SJ3-H:V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(6/10)
Pin Name Pin No. 1/0 Function Alternate Function
SJ3-H|SK3-H
GJ | GM
RXDAO 26 | 31 | Input Serial receive data input (UARTAO to UARTAS) P31/INTP7/SIB4
RXDAT™' | 62 | 78 5V tolerant P91/A1/KR7/KR7/SCLO2
- |93 P150""°Y/KR7""*
RXDA2 36 | 41 P39/SCLO0/SCKB2
- | 44 P32t
RXDA3"™"? | 59 | 71 P80/INTP8/RC1CK1HZ
RXDA4 - | 51 p56"e*
43 | 53 P60/RTP10/SIEQ""®
RXDA5 50 | 60 P67/SOB5/SDA05""*
- |75 pg4tet
RXDBO 77 | 97 | Input Serial receive data input (UARTBO, UARTBH1) PCDO
RXDBH1 79 | 99 PCD2
SCKBO 24 | 26 I/0 | Serial clock I/O (CSIBO to CSIB5) P42/INTP2
SCKB1 70 | 86 N-ch open-drain output selectable P99/A9
SCKB2 36 | 41 >V tolerant P39/RXDA2/SCL00
42 | 50 P55/KR5/RTP05/DMS
SCKB3 73 | 89 P912/A12
SCKB4 27 | 32 P32/ASCKAO/TIPOO/TOPOO
SCKB5 51 | 61 P68/TXDA5/SCL0O5™**
SCKEO™™*® | 45 | 55 I/0 | Serial clock I/O (CSIEO, CSIE1) P62/RTP12
—— N-ch open-drain output selectable
SCKE1™** | 48 | 58 5V tolerant P65/RTP15/KR2/TIQ03/TOQ03
SCLOO0 36 | 41 1/0 Serial clock I/0O (I°C00 to I°C05) P39/RXDA2/SCKB2
SCLOT 23 | 25 N-ch open-drain output selectable P41/SOBO
5V tolerant
SCL02 62 | 78 P91/A1/KR7/RXDA1/KR7
SCLO03 58 | 68 P615
SCLo4™™* | 7 7 P01/TIP60/TOP60
_ 9 po{Netes
Notes 1. Invalidate the key return signal detection function of the KR7 pin when using the RXDA1 pin. Although
the RXDA1and KR7 pins are assigned to two ports each, the pins cannot be used at the same time at
different ports in the V850E/SK3-H.

2. When using the RXDA3 pin, always invalidate the edge detection function of the INTP8 pin at Pin 59
(V850E/SJ3-H) and Pin 71 (VB50E/SK3-H). In this case, use the INTP8 pin at Pin 64 (V850E/SJ3-H)
or Pin 80 (V850E/SK3-H).

3. Not available in the #PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-
H)

4. VB850E/SK3-H only

Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(7/10)
Pin Name Pin No. 110 Function Alternate Function
SJ3-H|SK3-H
GJ | GM
scLos™ ' | 51 | 61 | I/O Serial clock /0 (1*C00 to I°CO5) P68/SCKB5/TXDAS5
N-ch open-drain output selectable
- | 74 5V tolerant pga™?
SDA0O 35 | 40 | I/O Serial transmit/receive data /O (I°C00 to I*C05) P38/TXDA2/SIB2
SDAO1 20 | o4 N-ch open-drain output selectable P40/SIBO
SDA02 61 77 5V tolerant P90/A0/KR6/TXDA1
SDAO03 57 | 67 P614/TECR8
SDAQ4™"' 6 POO/TIP61/TOP61
_ Pogt?
SDA05™"' | 50 | 60 P67/SOB5/RXDA5
- | 73 pg2"e?
SIBO 22 | 24 | Input Serial receive data input (CSIBO to CSIB5) P40/SDAO1
SIB1 68 | 84 5V tolerant P97/A7/TIP20/TOP20
SIB2 35 | 40 P38/TXDA2/SDA0O
40 | 48 P53/KR3/TIQ00/TOQO00/RTP03/DDO
SIB3 71 87 P910/A10
SiB4 26 | 31 P31/RXDAQ/INTP7
SIB5 49 | 59 P66/INTP9/KR3/TIQ00/TOQ00
SIEQ"™™" 43 | 53 | Input Serial receive data input (CSIEOQ, CSIE1) P60/RTP10/RXDA4
SIE1™" | 46 | 56 5V tolerant P63/RTP13/KR4
SOBO 23 | 25 | Qutput | Serial transmit data output (CSIBO to CSIB5) P41/SCLO1
SOB1 69 | 85 N-ch open-drain output selectable P98/A8
5V tolerant
SOB2 - | 42 P310""?
41 49 P54/KR4/RTP04/DCK
SOB3 72 | 88 P911/A11
SOB4 25 | 30 P30/TXDAO
SOB5 50 | 60 P67/RXDA5/SDA05"""
SOEQ™" | 44 | 54 | Output | Serial transmit data output (CSIEO, CSIE1) P61/RTP11/TXDA4
N-ch open-drain output selectable
SOE1™' | 47 | 57 5V tolerant PB4/RTP14/KR5
TECR7 54 | 64 | Input Encoder clear input (TMP7, TMP8) P611/TOP71
TECR8 57 | 67 5V tolerant P614/SDA03
TENC70 52 | 62 | Input | Encoder input (TMP7, TMP8) P69/TIP70/TOP70
TENC71 | 53 | 63 5V tolerant P610/TIP71
TENC80 55 | 65 P612/TIP80/TOP80
TENCS81 56 | 66 P613/TIP81/TOP81
Notes 1. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-
H)
2. VB850E/SK3-H only
Remark SJ3-H:V850E/SJ3-H
SK8-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(8/10)
Pin Name Pin No. 1/0 Function Alternate Function
SJ3-H[SK3-H
GJ | GM
TIPOO 27 | 32 | Input External event count input/capture trigger input/external P32/ASCKA0/SCKB4/TOP00
trigger input (TMPO)
5V tolerant
TIPO1 28 | 33 Capture trigger input (TMPO) P33/TOPO1/CTXD1"""
5V tolerant
TIP10 29 | 34 External event count input/capture trigger input/external P34/TOP10/CRXD1"""
trigger input (TMP1)
5V tolerant
TIP11 30 | 35 Capture trigger input (TMP1) P35/TOP11
5V tolerant
TIP20 68 | 84 External event count input/capture trigger input/external P97/A7/S1B1/TOP20
trigger input (TMP2)
5V tolerant
TIP21 67 | 83 Capture trigger input (TMP2) P96/A6/TOP21
5V tolerant
TIP30 66 | 82 External event count input/capture trigger input/external P95/A5/TOP30/INTP5
trigger input (TMP3)
5V tolerant
TIP31 65 | 81 Capture trigger input (TMP3) P94/A4/TOP31
5V tolerant
TIP40 64 | 80 External event count input/capture trigger input/external P93/A3/TOP40/INTP8
trigger input (TMP4)
5V tolerant
TIP41 63 | 79 Capture trigger input (TMP4) P92/A2/TOP41
5V tolerant
TIP50 76 | 92 External event count input/capture trigger input/external P915/A15/INTP6/TOP50
trigger input (TMP5)
5V tolerant
TIP51 75 | 91 Capture trigger input (TMP5) P914/A14/INTP5/TOP51
5V tolerant
<R> TIP60 7 7 External event count input/capture trigger input/external P01/TOP60/SCL04""*
trigger input (TMP6)
5V tolerant
<R> TIP61 6 6 Capture trigger input (TMP6) POO/TOP61/SDA04""?
5V tolerant
Notes 1. CAN controller (2-channel) version only
<R> 2. Not available in the £PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-
H)
Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(9/10)
Pin Name Pin No. 110 Function Alternate Function
SJ3-H|SK3-H
GJ | GM
TIP70 52 | 62 | Input External event count input/capture trigger input/external P69/TOP70/TENC70
trigger input (TMP7)
5V tolerant
TIP71 53 | 63 Capture trigger input (TMP7) P610/TENC71
5V tolerant
TIP80 55 | 65 External event count input/capture trigger input/external P612/TOP80/TENC80
trigger input (TMP8)
5V tolerant
TIP81 56 | 66 Capture trigger input (TMP8) P613/TOP81/TENC81
5V tolerant
TIQOO™" ! 40 | 48 | Input External event count input/capture trigger input/external P53/S1B2/KR3/TOQO00/RTP0O3/
trigger input (TMQO) DDO
49 | 59 5V tolerant P66/SIB5/INTP9/KR3/TOQ00
TIQO1""? 37 | 45 Capture trigger input (TMQO) P50/KR0O/TOQO01/RTP00
TIQ02™** | 38 | 46 5V tolerant P51/INTP7/KR1/TOQ02/RTPO1
TIQO3"™ " 39 | 47 P52/KR2/TOQ03/RTP02/DDI
48 | 58 PB5/RTP15/SCKE1/***KR2/TOQ03
TOP0O 27 | 32 | Output | Timer output (TMPO) P32/ASCKAO/SCKB4/TIP00
TOPO1 o8 | 33 N-ch open-drain output selectable, 5 V tolerant P33/TIPO1/CTXD1™"*
TOP10 29 | 34 Timer output (TMP1) P34/TIP10/CRXD1""*
TOP11 30 | 35 N-ch open-drain output selectable, 5 V tolerant P35/TIP11
TOP20 68 | 84 Timer output (TMP2) P97/A7/SIB1/TIP20
TOP21 67 | 83 N-ch open-drain output selectable, 5 V tolerant P96/A6/TIP21
TOP30 66 | 82 Timer output (TMP3) P95/A5/TIP30/INTP5
TOP31 65 | 81 N-ch open-drain output selectable, 5 V tolerant P94/A4/TIP31
TOP40 64 | 80 Timer output (TMP4) P93/A3/TIP40/INTP8
TOP41 63 | 79 N-ch open-drain output selectable, 5 V tolerant P92/A2/TIP41
Notes 1. Invalidate the key return signal detection function of the KR3 pin when using the TIQOO0 pin. Although
the TIQOO and KR3 pins are assigned to two ports each, the pins cannot be used at the same time at
different ports.
2. Invalidate the key return signal detection function of the KRO pin when using the TIQO1 pin.
3. Invalidate the key return signal detection function of the KR1 pin when using the TIQ02 pin.
4. Invalidate the key return signal detection function of the KR2 pin when using the TIQO03 pin.
Although the TIQ03 and KR2 pins are assigned to two ports each, the pins cannot be used at the same
time at different ports.
5. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-
H)
6. CAN controller (2-channel) version only
Remark SJ3-H:V850E/SJ3-H
SKBS-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(10/10)
Pin Name Pin No. I/0 Function Alternate Function
SJ3-H|SK3-H
GJ | GM
TOP50 76 | 92 | Output | Timer output (TMP5) P915/A15/INTP6/TIP50
TOP51 75 | 91 N-ch open-drain output selectable, 5V tolerant P914/A14/INTP5/TIP51
TOP60 Output | Timer output (TMP86) PO1/TIP60/SCLO4"""
TOP61 6 6 N-ch open-drain output selectable, 5V tolerant POO/TIP61/SDAQ4™" "
TOP70 52 | 62 Timer output (TMP7) P69/TIP70/TENC70
TOP71 54 | 64 N-ch open-drain output selectable, 5V tolerant P611/TECR7
TOP80 55 | 65 Timer output (TMP8) P612/TIP8O/TENC80
TOPS81 56 | 66 N-ch open-drain output selectable, 5V tolerant P613/TIP81/TENCS1
TOQO0 40 | 48 | Output | Timer output (TMQO) P53/SIB2/KR3/TIQ00/RTPO3/DDO
49 | 59 N-ch open-drain output selectable, 5V tolerant P66/SIB5/INTPY/KR3/TIQ00
TOQO1 37 | 45 P50/KRO/TIQ01/RTPO0
TOQO02 38 | 46 P51/INTP7/KR1/TIQ02/RTPO1
TOQO3 39 | 47 P52/KR2/TIQ03/RTP02/DDI
48 | 58 P65/RTP15/SCKE1"*"/KR2/TIQ03
TXDAO 25 | 30 | Output | Serial transmit data output (UARTAO to UARTA5) P30/SOB4
TXDA1 61 | 77 N-ch open-drain output selectable, 5V tolerant P90/A0/KR6/SDAO2
- | 94 P151"e?
TXDA2 35 | 40 P38/SDA00/SIB2
- | 43 P311"*?
TXDA3 60 | 72 P81/RC1CKO/RC1CKDIV
TXDA4 - | 52 p57"ee?
44 | 54 P61/RTP11/SOEQ"™"
TXDA5 51 | 61 P68/SCKB5/SCLO5"""
- | 76 P85
TXDBO 78 | 98 | Output | Serial transmit data output (UARTBO, UARTB1) PCD1
TXDB1 80 | 100 PCD3
Vop 9 11 - Positive power supply pin for internal -
Vss 11 13 - Ground potential for internal -
WAIT 85 | 105 | Input | External wait input PCMO
WRO 95 | 115 | Qutput | Write strobe for external memory (lower 8 bits) PCTO
WRi 96 | 116 Write strove for external memory (higher 8 bits) PCT1
X1 12 | 14 Input | Connection of resonator for main clock -
X2 13 | 15 - -
XT1 15 | 17 Input | Connection of resonator for subclock -
XT2 16 | 18 - -
Notes 1. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-
H)
2. VB850E/SK3-H only
Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

User's Manual U19201EJ3VOUD

59




CHAPTER 2 PIN FUNCTIONS

2.2 Port Sharing of Alternate Functions

The V850E/SJ3-H and VB50E/SK3-H have the same alternate functions that are assigned to two ports.
Which port is used for the alternate function can be selected at the port setup.

Caution When using an alternate function that is assigned to two ports, always use the alternate
function at only one of the ports.
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CHAPTER 2 PIN FUNCTIONS

Table 2-2. Port Sharing of Alternate Functions (1/2)

(a) V850E/SJ3-H

Function Alternate 110 Port <1> Port <2>
Function Pin No. Port Pin No. Port
Function Function
External interrupt INTP2 Input 20 P05 24 P42
INTP5 75 P914 66 P95
INTP7 26 P31 38 P51
INTP8 59 P80 64 P93
CSIB2 SIB2 Input 40 P53 35 P38
SCKB2 /0 42 P55 36 P39
Key interrupt KR4 Input 41 P54 46 P63
KR5 42 P55 47 P64
TMQO TIQO0/KR3"™™" | Input 40 P53 49 P66
(/KR2, /KR3) TOQO0 Output 40 P53 49 P66
TIQO3/KR2""*? | Input 39 P52 48 P65
TOQO3 Output 39 P52 48 P65

Notes 1. Although the TIQO0 and KR3 pins are assigned to two ports each, the pins cannot be used
at the same time at different ports.

2. Although the TIQ03 and KR2 pins are assigned to two ports each, the pins cannot be used
at the same time at different ports.
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Table 2-2. Port Sharing of Alternate Functions (2/2)

(b) V850E/SK3-H

Function Alternate /0 Port <1> Port <2>
Function Pin No. Port Pin No. Port
Function Function
External interrupt INTP2 Input 22 P05 26 P42
INTP5 91 P914 82 P95
INTP6 92 P915 96 P153
INTP7 31 P31 46 P51
INTP8 71 P80 80 P93
INTP9 59 P66 95 P152
I°C04 SCL04 I/0 7 PO1 9 P21
SDA04 6 P00 8 P20
I?C05 SCL05 61 P68 74 P83
SDAO05 60 P67 73 P82
CSiB2 SiB2 Input 48 P53 40 P38
SOB2 Output 49 P54 42 P310
SCKB2 /0 50 P55 41 P39
UARTA1 RXDA1/KR7""' Input 78 P91 93 P150
(/KR7) TXDA1 Output 77 P90 94 P151
UARTA2 RXDA2 Input 41 P39 44 P312
TXDA2 Output 40 P38 43 P311
UARTA4 RXDA4 Input 53 P60 51 P56
TXDA4 Output 54 P61 52 P57
UARTA5 RXDAS5 Input 60 P67 75 P84
TXDA5 Output 61 P68 76 P85
IEBus IERX0 Input 37 P37 29 P45
IETX0 Output 36 P36 28 P44
Key interrupt KR4 Input 49 P54 56 P63
KR5 50 P55 57 P64
TMQO TIQO0/KR3""? Input 48 P53 59 P66
(/KR2, /KR3) TOQOO Output 48 P53 59 P66
TIQO3/KR2""* | Input 47 P52 58 P65
TOQO3 Output 47 P52 58 P65

Notes 1. Although the RXDA1 and KR7 pins are assigned to two ports each, the pins cannot be used
at the same time at different ports.

2. Although the TIQ00 and KR3 pins are assigned to two ports each, the pins cannot be used
at the same time at different ports.

3. Although the TIQ03 and KR2 pins are assigned to two ports each, the pins cannot be used
at the same time at different ports.

User's Manual U19201EJ3VOUD



CHAPTER 2 PIN FUNCTIONS

The following shows a port sharing assignment diagram of alternate functions.

Figure 2-1. Alternate-Function Port Sharing Assignment Diagram for V850E/SJ3-H

(144-Pin Plastic LQFP (Fine Pitch) (20 x 20))
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Remark The above figure shows the assignment relationship of the same alternate function that is assigned

to two ports.
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CHAPTER 2 PIN FUNCTIONS

Figure 2-2 Alternate-Function Port Sharing Assignment Diagram for V850E/SK3-H
(176-Pin Plastic LQFP (Fine Pitch) (24 x 24))
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Remark The above figure shows the assignment relationship of the same alternate function that is assigned
to two ports.
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CHAPTER 2 PIN FUNCTIONS

2.3 Pin States

The operation states of pins in the various operation modes are described below.

Table 2-3. Pin Operation States in Various Modes

Pin Name During Reset | During Reset HALT IDLEA1, STOP Idle State"™**| Bus Hold
(Immediately (Except Mode"*"*? IDLE2, Mode""**
After Power | Immediately Sub-IDLE
Is Turned |After Power Is Mode"***
On) Turned On)
PO5/DRST Pull down | Pull down"*** Held Held Held Held Held
P10/ANOO, P11/ANOA1 Hi-Z Hi-Z Held Held Note 10 Held Held
P53/DDO Undefined"™" Hi-Z"*°® Held Held Held Held Held
ADO to AD15 Hi-z""** Hi-z""** Notes 7, 8 Hi-Z Hi-Z Held Hi-Z
A0 to A15 Undefined"*="
A16 to A23 Undefined "’
WAIT _ _ _ _ _
CLKOUT Operating Operating Operating
WRO0, WR1 HY H H H Hi-Z
RD
ASTB
HLDAK Operating"*” L
HLDRQ - - - Held
CS11t0CS3 HYe? H H H Hi-Z
Other port pins Hi-Z Hi-Z Held Held Held Held Held

Notes 1.

2. Operates while alternate functions are operating.

These pins may momentarily output an undefined level upon power application.

3.

Remark

In separate bus mode, the state of the pins in the idle state inserted after the T2 state is shown. In
multiplexed bus mode, the state of the pins in the idle state inserted after the T3 state is shown.

Pulled down during external reset. During internal reset by the watchdog timer, low-voltage detector, or
clock monitor, etc., the state of this pin differs according to the OCDM.OCDMO bit setting.

DDO output is specified in the on-chip debug mode.

The bus control pins function alternately as port pins, so they are initialized to the input mode (port
mode).

Operates even in the HALT mode, during DMA operation.

In separate bus mode: Hi-Z

In multiplexed bus mode: Undefined

In separate bus mode

. In port mode: Held

When alternate function is used: Hi-Z

Hi-Z: High impedance
Held: The state during the immediately preceding external bus cycle is held.
L: Low-level output

H: High-level output
- Input without sampling (not acknowledged)
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CHAPTER 2 PIN FUNCTIONS

2.4 Pin /O Circuit Types, I/O Buffer Power Supplies and Connection of Unused Pins

(1/6)
Pin Alternate Function Pin No. I/O Circuit Type Recommended Connection
SJ3-H|SK3-H
GJ |GM
<R> |P0oO TIP61/TOP61/SDA04"*? 6 6 10-D Input:  Independently connect to EVoo or EVss via a
<R> |[Po1 TIP6O/TOP60/SCLO4™* | 7 | 7 resistor.
P02 NMI 17 | 19 Output: Leave open.
P03 INTPO/ADTRG 18 | 20
P04 INTP1 19 | 21
P05 INTP2/DRST 20 | 22 10-N Input:  Independently connect to EVss via a resistor.
Fixing to Voo level is prohibited.
Output: Leave open. _
Internally pull-down after reset by RESET pin.
P06 INTP3 21 | 28 10-D Input: Independently connect to EVop or EVss via a
resistor.
Output: Leave open.
P10 ANOO 3 3 12-D Input: Independently connect to AVrer1 or AVss via
a resistor.
P11 ANO1 4 4 Output: Leave open.
p2o™*! SDA04 - 8 10-D Input:  Independently connect to EVop or EVss via a
poNete SCLO4 _ 9 resistor.
P30 TXDA0/SOB4 25 | 30 10-G Output: - Leave open.
P31 RXDAO/INTP7/SIB4 26 | 31 10-D
P32 ASCKAO/SCKB4/TIP00/ 27 | 32
TOPOO
P33 TIPO1/TOPO1/CTXD1""? 28 | 33
P34 TIP10/TOP10/CRXD1™"** | 29 | 34
P35 TIP11/TOP11 30 | 35
P36 CTXDO™"¥/IETXO 31 | 36 10-G
P37 CRXD0""*IERX0 32 | 37 10-D
P38 TXDA2/SDA00/SIB2 35 | 40
P39 RXDA2/SCL00/SCKB2 36 | 41
P310™*' |soB2""! - 42 10-G
P311"" | TXDA2" "' - 43
P312"™*" | RXDA2"™' - | 44 10-D
Notes 1. V850E/SK3-H only
<R> 2. Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-
H)
3. CAN controller (2-channel) version only
4. CAN controller version only
Remark SJ3-H:V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(2/6)
Pin Alternate Function Pin No. 1/O Circuit Type Recommended Connection
SJ3-H|SK3-H
GJ | GM

P40 SIB0/SDAO1 22 | 24 | 10-D Input:  Independently connect to EVop or EVss via
P41 SOBO/SCLO1 23 | 25 a resistor.
P42 SCKBO/INTP2 24 | 26 Output:  Leave open.
P43 - - | 27 | 10-G
P44Nole1 W)Nolei _ 28
P4s™e' | TERXO™" - | 29 | 10-D
P50 KRO/TIQ01/TOQO01/RTP00 | 37 | 45
P51 INTP7/KR1/TIQ02/TOQ02/ 38 | 46

RTPO1
P52 KR2/TIQ03/TOQO03/RTPO2/ | 39 | 47

DDI
P53 SIB2/KR3/TIQ00/TOQ00/ 40 | 48

RTP03/DDO
P54 SOB2/KR4/RTP04/DCK 41 49
P55 SCKB2/KR5/RTP05/DMS 42 | 50
P56"*" | RXDA4"™"' - | 51
P57"' | TXDA4™"' - | 52 | 10-G
P60 RTP10/RXDA4/SIEQ""*? 43 | 53 | 10-D
P61 RTP11/TXDA4/SOEQ""* 44 | 54 | 10-G
P62 RTP12/SCKEQ"™"* 45 | 55 | 10-D
P63 RTP13/SIE1""*/KR4 46 | 56
P64 RTP14/SOE1""*?*KR5 47 | 57
P65 RTP15/SCKE1""*/KR2/ 48 | 58

TIQ03/TOQ03
P66 SIB5/INTP9/KR3/TIQ00/ 49 | 59

TOQO0
P67 SOB5/RXDA5/SDA05""** 50 | 60
P68 SCKB5/TXDA5/SCL05""? 51 61
P69 TIP70/TOP70/TENC70 52 | 62
P610 TIP71/TENC71 53 | 63
P611 TOP71/TECR7 54 | 64
P612 TIP80/TOP80O/TENC80 55 | 65
P613 TIP81/TOP81/TENC81 56 | 66
P614 SDAO3/TECR8 57 | 67
P615 SCL03 58 | 68

Notes 1. V850E/SK3-H only

H)

Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H

GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB50E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(3/6
Pin Alternate Function Pin No. 1/0O Circuit Type Recommended Connection
SJ3-H|SK3-H

GJ | GM
P70 ANIO 144 | 176 11-G Input:  Independently connect to AVRrero or AVss via
P71 ANI1 143| 175 a resistor.
p7o ANI2 42| 174 Output: Leave open.
P73 ANI3 141 | 173
P74 ANI4 140 | 172
P75 ANI5 139 | 171
P76 ANI6 138 | 170
P77 ANI7 137 | 169
P78 ANI8 136 | 168
P79 ANI9 135| 167
P710 ANI10 134 | 166
P711 ANI11 133 | 165
P712 ANI12 132 | 164
P713 ANI13 131 | 163
P714 ANI14 130 | 162
P715 ANI15 129 | 161
P80 RXDAS3/INTP8/RC1CK1HZ | 59 | 71 10-D Input:  Independently connect to EVoo or EVss via a
P81 TXDA3/RC1CKO/RCICKDIV | 60 | 72 10-G resistor.
pgote SDA05™* B 73 10-D Output: Leave open.
pg3"* SCLo5™" - 74
P4 RXDA5"" - | 75
P85 TXDA5""* - 76 10-G
P90 AO0/KR6/TXDA1/SDA02 61 77 10-D
P91 A1/KR7/RXDA1/KR7/SCLO2 | 62 | 78
P92 A2/TIP41/TOP41 63 | 79
P93 A3/TIP40/TOP40/INTP8 64 | 80
P94 A4/TIP31/TOP31 65 | 81
P95 A5/TIP30/TOP30/INTP5 66 | 82
P96 AB/TIP21/TOP21 67 | 83
P97 A7/SIB1/TIP20/TOP20 68 | 84
P98 A8/SOB1 69 | 85 10-G
P99 A9/SCKB1 70 | 86 10-D
P910 A10/SIB3 71 87
P911 A11/SOB3 72 | 88 10-G

Note V850E/SK3-H only

Remark SJ3-H:V850E/SJ3-H
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SK3-H: V850E/SK3-H

GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)

GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(4/6
Pin Alternate Function Pin No. 1/O Circuit Type Recommended Connection
SJ3-H|SK3-H

GJ | GM
P912 A12/SCKB3 73 | 89 10-D Input:  Independently connect to EVop or EVss via a
P913 A13/INTP4 74 | 90 resistor.
P914 A14/INTP5/TIP51/TOP51 | 75 | 91 Output: Leave open.
P915 A15/INTP6/TIP50/TOP50 76 | 92
P130"* - - |125 5 Input:  Independently connect to BVop or BVss via a
P131 Note — — 126 resistor.
p130™e _ _ | 197 Qutput: Leave open.
P133"* - - | 128
P140"* _ - 155
P141"%* - - | 156
P142"%* - - | 157
P143"* _ - 158
P144"%* - - 1159
P145"* - - | 160
P150"*° |RXDA1""*/KR7"" - | 93 10-D Input:  Independently connect to EVoo or EVss via a
p151"e TXDA1"™" _ 94 10-G resistor.
P52 INTPO"* B 95 10-D Output: Leave open.
P153"°  |INTP6"™" - | 9
PCDO RXDBO 77 | 97 Input:  Independently connect to BVoo or BVss via a
PCD1 TXDBO 78 | 98 10-G resistor.
PCD2  |RXDB1 79 | 99 10-D Output: Leave open.
PCD3 TXDB1 80 | 100 10-G
PCMO WAIT 85 | 105 5
PCM1 CLKOUT 86 | 106
PCM2 HLDAK 87 | 107
PCM3 HLDRQ 88 | 108
PCM4 - 89 | 109
PCM5 - 90 | 110
PCSO - 81 | 101
PCS1 CS1 82 | 102
PCS2 CS2 83 | 103
PCS3 CS3 84 | 104
PCS4 - 91 | 111
PCS5 — 92 | 112
PCS6 - 93 | 113
PCS7 - 94 | 114

Note V850E/SK3-H only

Remark SJ3-H:V850E/SJ3-H

SK3-H: V850E/SK3-H

GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)

GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(5/6)
Pin Alternate Function Pin No. 1/0O Circuit Type Recommended Connection
SJ3-H[SK3-H

GJ | GM
PCTO WRO0 95 | 115 5 Input:  Independently connect to BVop or BVss via a
PCT1 WR1 9 | 116 resistor.
PCT2 B 97 | 117 Output: Leave open.
PCT3 - 98 | 118
PCT4 RD 99 | 119
PCT5 - 100 | 120
PCT6 ASTB 101 | 121
PCT7 - 102 | 122
PDHO A16 121 | 145
PDH1 A17 122 | 146
PDH2 A18 123 | 147
PDH3 A19 124 | 148
PDH4 A20 125 | 149
PDH5 A21 126 | 150
PDH6 A22 127 | 151
PDH7 A23 128 | 152
PDLO ADO 105 | 129
PDLA1 AD1 106 | 130
PDL2 AD2 107 | 131
PDL3 AD3 108 | 132
PDL4 AD4 109 | 133
PDL5 AD5/FLMDA1 110 | 134 Independently connect to BVss via a resistor.
PDL6 AD6 111 | 135 Input:  Independently connect to BVop or BVss via a
PDL7 AD7 112 | 136 resistor.
PDLS ADS 113 | 137 Output: Leave open.
PDL9 AD9 114 | 138
PDL10 AD10 115 | 139
PDL11 AD11 116 | 140
PDL12 AD12 117 [ 141
PDL13 AD13 118 | 142
PDL14 AD14 119 | 143
PDL15 AD15 120 | 144

Remark SJ3-H:V850E/SJ3-H
SK3-H: V850E/SK3-H
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GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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CHAPTER 2 PIN FUNCTIONS

(6/6)
Pin Alternate Function Pin No. I/0 Circuit Type Recommended Connection
SJ3-H|SK3-H
GJ | GM
AVREeFo - 1 1 - Always connect this pin to the power supply (also in
AVRer1 _ 5 5 the standby mode).
AVss - 2 2 - Always connect this pin directly to the ground (also in
the standby mode).
BVoo - 104 | 124 - Always connect this pin to the power supply (also in
_ _ | 153 the standby mode).
BVss - 103 | 123 - Always connect this pin directly to the ground (also in
_ _ | 154 the standby mode).
EVop - 34 | 39 - Always connect this pin directly to the power supply
_ _ 69 (also in the standby mode).
EVss - 33 | 38 - Always connect this pin directly to the ground (also in
_ _ 70 the standby mode).
FLMDO - 8 10 - Connect to Vss in a mode other than the flash
memory programming mode.
REGC - 10 | 12 - Connect regulator output stabilization capacitance
(4.7 uF)
RESET - 14 | 16 2 -
Vob - 9 11 - Always connect this pin to the power supply (also in
the standby mode).
Vss - 11 13 - Always connect this pin directly to the ground (also in
the standby mode).
X1 - 12 | 14 - -
X2 - 13 | 15 - -
XT1 - 15 | 17 16-C Connect to Vss.
XT2 - 16 | 18 Leave open.

Remark SJ3-H:V850E/SJ3-H
SK3-H: V850E/SK3-H

GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB50E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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Figure 2-3. Pin I/O Circuits

Type 2 Type 10-N
EVoo
Data ——
INO J :' b—' P-ch
—O
IN/OUT
Open drai IN/OUT
Output N-ch
disable
Schmitt-triggered input with hysteresis characteristics Note
EVss
o
Input

Type 5
BVoo enable  5GpMo bit 4|
Type 11-G

Output [~ N-ch AVRero

disable
BVss Data 7’:E)3—| P-ch

—O IN/OUT

——O

Input IN/OUT

enable Sutpblljt N-ch
isable
Type 10-D AVss
EVoo
Comparator P-ch
Data—— s P-ch
e =
Open drain IN/OUT AVrero AVss
Output N-ch (threshold voltage)
e S R
Note EVss Input enable
L
Input Type 12-D
enable AVRer1
Type 10-G Data :DD_| I‘gl
EVoo
IN/OUT
Output
Data 7’:D—| P-ch disable
> o AVss
Open drain IN/OUT W
Output N-ch enable J—

) P-ch
disable
Analog output voltage
EVss N-ch

-C

I il
Input

enable Type 16-C Feedback cut-off

1

P-ch

o -

XT1 XT2

Note Hysteresis characteristics are not available in port mode.
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CHAPTER 2 PIN FUNCTIONS

2.5 Cautions

(1) Cautions on power application
When the power is turned on, the following pins may momentarily output an undefined level.

¢ P53/SIB2/KR3/TIQ00/TOQO0/RTP03/DDO pin

User's Manual U19201EJ3VOUD
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CHAPTER 3 CPU FUNCTION

The CPU of the V850E/SJ3-H and V850E/SK3-H is based on RISC architecture and executes almost all
instructions with one clock by using a 5-stage pipeline.

3.1 Features

O Minimum instruction execution time: 20.8 ns (operating with 48 MHz)
30.5 us (operating with subclock (fxt) = 32.768 kHz operation)
O Memory space Program (physical address) space: 64 MB linear
Data (logical address) space: 4 GB linear
O General-purpose registers: 32 bits x 32 registers
O Internal 32-bit architecture
O 5-stage pipeline control
O Multiplication/division instruction
O Saturation operation instruction
O 32-bit shift instruction: 1 clock
O Load/store instruction with long/short format
O Four types of bit manipulation instructions
e SET1
¢ CLR1
*« NOT1
¢ TST1
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CHAPTER 3 CPU FUNCTION

3.2 CPU Register Set

The registers of the V850E/SJ3-H and V850E/SK3-H can be classified into two types: general-purpose program
registers and dedicated system registers. All the registers are 32 bits wide.
For details, refer to the V850E1 Architecture User’s Manual.

(1) Program register set (2) System register set
31 0 31 0
r0 (Zero register) EIPC (Interrupt status saving register)
1 (Assembler-reserved register) EIPSW (Interrupt status saving register)
r2
r3 (Stack pointer (SP)) FEPC (NMI status saving register)
r4 (Global pointer (GP)) FEPSW (NMI status saving register)
r5 (Text pointer (TP))
rj | ECR (Interrupt source register) |
r
r: | PSW (Program status word) |
r
r10
1 CTPC  (CALLT execution status saving register)
2 CTPSW (CALLT execution status saving register)
r13
14 DBPC  (Exception/debug trap status saving register)
15 DBPSW (Exception/debug trap status saving register)
r16
7 | CTBP  (CALLT base pointer) |
r18
r19 | ASID (Program ID register) |
r20
r21
r22
r23
r24
r25
r26
r27
r28
r29
r30 (Element pointer (EP))
r31 (Link pointer (LP))

31 0
| PC (Program counter)
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CHAPTER 3 CPU FUNCTION

3.2.1

Program register set

The program registers include general-purpose registers and a program counter.

(1

General-purpose registers (r0 to r31)

Thirty-two general-purpose registers, r0 to r31, are available. Any of these registers can be used to store a
data variable or an address variable.

However, r0 and r30 are implicitly used by instructions and care must be exercised when these registers are
used. r0 always holds 0 and is used for an operation that uses 0 or addressing of offset 0. r30 is used by the
SLD and SST instructions as a base pointer when these instructions access the memory. r1, r3 to r5, and r31
are implicitly used by the assembler and C compiler. When using these registers, save their contents for
protection, and then restore the contents after using the registers. r2 is sometimes used by the real-time OS.
If the real-time OS does not use r2, it can be used as a register for variables.

Table 3-1. General-Purpose Registers

Name Usage Operation
ro Zero register Always holds 0.
r1 Assembler-reserved register Used as working register to create 32-bit immediate data
r2 Register for address/data variable (if real-time OS does not use r2)
r3 Stack pointer Used to create a stack frame when a function is called
r4 Global pointer Used to access a global variable in the data area
r5 Text pointer Used as register that indicates the beginning of a text area (area
where program codes are located)
r6 to r29 Register for address/data variable
r30 Element pointer Used as base pointer to access memory
r31 Link pointer Used when the compiler calls a function
Remark For furthers details on the r1, r3 to r5, and r31 that are used in the assembler and C compiler, refer
to the CA850 (C Compiler Package) Assembly Language User’s Manual.
(2) Program counter (PC)
The program counter holds the instruction address during program execution. The lower 26 bits of this register
are valid. Bits 31 to 26 are fixed to 0. A carry from bit 25 to 26 is ignored even if it occurs.
Bit O is fixed to 0. This means that execution cannot branch to an odd address.
31 2625 10
L L L D L L L L e L L L L Default value
PC Fixed to 0 Instruction address during program execution 0 00000000H
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3.2.2 System register set

The system registers control the status of the CPU and hold interrupt information.

These registers can be read or written by using system register load/store instructions (LDSR and STSR), using

the system register numbers listed below.

Table 3-2. System Register Numbers

System System Register Name Operand Specification
Register LDSR Instruction | STSR Instruction
Number
0 Interrupt status saving register (EIPC)"*’ \ \
1 Interrupt status saving register (EIPSW)"*’ N \
2 NMI status saving register (FEPC)""" S \
3 NMI status saving register (FEPSW)""" S \
4 Interrupt source register (ECR) X \
5 Program status word (PSW) S \
610 15 Reserved for future function expansion (operation is not guaranteed if these X X
registers are accessed)
16 CALLT execution status saving register (CTPC) S \
17 CALLT execution status saving register (CTPSW) \ \
18 Exception/debug trap status saving register (DBPC) Nete Nete
19 Exception/debug trap status saving register (DBPSW) Nete Nete
20 CALLT base pointer (CTBP) \ \
21,22 Reserved for future function expansion (operations that access these register X X
numbers cannot be guaranteed).
23 Program ID register (ASID) S \
24 to 31 | Reserved for future function expansion (operations that access these register X X
numbers cannot be guaranteed).
Notes 1. Because only one set of these registers is available, the contents of these registers must be saved by
program if multiple interrupts are enabled.
2. These registers can be accessed only during the interval between the execution of the DBTRAP
instruction or illegal opcode and the DBRET instruction.
Caution Even if EIPC or FEPC, or bit 0 of CTPC is set to 1 by the LDSR instruction, bit 0 is ignored when
execution is returned to the main routine by the RETI instruction after interrupt servicing (this is
because bit 0 of the PC is fixed to 0). Set an even value to EIPC, FEPC, and CTPC (bit 0 = 0).
Remark +:Can be accessed

x: Access prohibited
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CHAPTER 3 CPU FUNCTION

(1) Interrupt status saving registers (EIPC and EIPSW)
EIPC and EIPSW are used to save the status when an interrupt occurs.
If a software exception or a maskable interrupt occurs, the contents of the program counter (PC) are saved to
EIPC, and the contents of the program status word (PSW) are saved to EIPSW (these contents are saved to
the NMI status saving registers (FEPC and FEPSW) if a non-maskable interrupt occurs).
The address of the instruction next to the instruction under execution, except some instructions (see 24.8
Periods in Which Interrupts Are Not Acknowledged by CPU), is saved to EIPC when a software exception
or a maskable interrupt occurs.
The current contents of the PSW are saved to EIPSW.
Because only one set of interrupt status saving registers is available, the contents of these registers must be
saved by program when multiple interrupts are enabled.
Bits 31 to 26 of EIPC and bits 31 to 8 of EIPSW are reserved for future function expansion (these bits are
always fixed to 0).
The value of EIPC is restored to the PC and the value of EIPSW to the PSW by the RETI instruction.

31 2625 0
B B B I B Y ) ) B S I B B B Default value
EIPC olololololo (Saved PC contents) 0xxxXxxxxH
(x: Undefined)

31 8 7 0

T T T T 11

(Saved PSW Default value
EIPSW o|0|0f0|0|O|O|0O|O|O|O|O|0O|O|O|O|O|O(O|O|O|O|O]|O contents) 000000xxH

(x: Undefined)
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CHAPTER 3 CPU FUNCTION

(2) NMI status saving registers (FEPC and FEPSW)

FEPC and FEPSW are used to save the status when a non-maskable interrupt (NMI) occurs.

If an NMI occurs, the contents of the program counter (PC) are saved to FEPC, and those of the program
status word (PSW) are saved to FEPSW.

The address of the instruction next to the one of the instruction under execution, except some instructions, is
saved to FEPC when an NMI occurs.

The current contents of the PSW are saved to FEPSW.

Because only one set of NMI status saving registers is available, the contents of these registers must be saved
by program when multiple interrupts are enabled.

Bits 31 to 26 of FEPC and bits 31 to 8 of FEPSW are reserved for future function expansion (these bits are
always fixed to 0).

The value of FEPC is restored to the PC and the value of FEPSW to the PSW by the RETI instruction.

31 2625 0
B B I Y B

Default value
OxxxxxxxH
(x: Undefined)

FEPC o|jofjojojo|o

31 8 7 0
T 1 1T 1 1 11
(Saved PSW
contents)

Default value
000000xxH
(x: Undefined)

FEPSW o|o|ojoj0|/0|0|0O|O|OfO|O|O|O|O|O|O|O[O|O|O|O|O]|O

(3) Interrupt source register (ECR)

The interrupt source register (ECR) holds the source of an exception or interrupt if an exception or interrupt
occurs. This register holds the exception code of each interrupt source. Because this register is a read-only
register, data cannot be written to this register using the LDSR instruction.

31 1615 0
coR I B B \FE\CC\ I B I B \EI(\:C\ I B B B Default value
00000000H
Bit position Bit name Function
31to 16 FECC Exception code of non-maskable interrupt (NMI)
15t00 EICC Exception code of exception or maskable interrupt
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(4) Program status word (PSW)
The program status word (PSW) is a collection of flags that indicate the status of the program (result of
instruction execution) and the status of the CPU.
If the contents of a bit of this register are changed by using the LDSR instruction, the new contents are
validated immediately after completion of LDSR instruction execution. However if the ID flag is set to 1,
interrupt requests will not be acknowledged while the LDSR instruction is being executed.
Bits 31 to 8 of this register are reserved for future function expansion (these bits are fixed to 0).

(1/2)
31 876543210
L L L L L L L L L
Default value
PSW RFU NP|EP|ID [SAT|ICY|OV|S | Z 00000020H
Bit position Flag name Function
31t08 RFU Reserved field. Fixed to 0.
7 NP Indicates that a non-maskable interrupt (NMI) is being serviced. This bit is set to 1 when an
NMI request is acknowledged, disabling multiple interrupts.
0: NMIl is not being serviced.
1: NMI is being serviced.
6 EP Indicates that an exception is being processed. This bit is set to 1 when an exception
occurs. Even if this bit is set, interrupt requests are acknowledged.
0: Exception is not being processed.
1: Exception is being processed.
5 ID Indicates whether a maskable interrupt can be acknowledged.
0: Interrupt enabled
1: Interrupt disabled
4 SAT™" Indicates that the result of a saturation operation has overflowed and is saturated. Because

this is a cumulative flag, it is set to 1 when the result of a saturation operation instruction is
saturated, and is not cleared to 0 even if the subsequent operation result is not saturated.
Use the LDSR instruction to clear this bit. This flag is neither set to 1 nor cleared to 0 by
execution of an arithmetic operation instruction.

0: Not saturated

1: Saturated

3 CcY Indicates whether a carry or a borrow occurs as a result of an operation.
0: Carry or borrow does not occur.
1: Carry or borrow occurs.

2 oV Indicates whether an overflow occurs during operation.
0: Overflow does not occur.
1: Overflow occurs.

1 g Indicates whether the result of an operation is negative.
0: The result is positive or 0.
1: The result is negative.

0 z Indicates whether the result of an operation is 0.
0: The result is not 0.
1: The resultis 0.

Remark Also read Note on the next page.
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(2/2)
Note The result of the operation that has performed saturation processing is determined by the contents of the
OV and S flags. The SAT flag is set to 1 only when the OV flag is set to 1 when a saturation operation is
performed.
Status of operation result Flag status Result of operation of
SAT ov s saturation processing
Maximum positive value is exceeded 1 1 0 7FFFFFFFH
Maximum negative value is exceeded 1 1 1 80000000H
Positive (maximum value is not exceeded) Holds value 0 0 Operation result itself
Negative (maximum value is not exceeded) before operation 1

(5) CALLT execution status saving registers (CTPC and CTPSW)
CTPC and CTPSW are CALLT execution status saving registers.
When the CALLT instruction is executed, the contents of the program counter (PC) are saved to CTPC, and
those of the program status word (PSW) are saved to CTPSW.
The contents saved to CTPC are the address of the instruction next to CALLT.
The current contents of the PSW are saved to CTPSW.
Bits 31 to 26 of CTPC and bits 31 to 8 of CTPSW are reserved for future function expansion (fixed to 0).

31 2625 0
!

S I B e B I B ) B B S B B B B
Default value
CTPC ojojojo|0]|0 (Saved PC contents) 03000000cH

(x: Undefined)

31 8 7 0
I B R A
(Saved PSW Default value
contents) 000000xxH

(x: Undefined)

CTPSW o|o|jojojo|0|0O|0O|O|O|O|O|O|O|O|O|O|O[O|O|O|O|O]|O
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(6) Exception/debug trap status saving registers (DBPC and DBPSW)

DBPC and DBPSW are exception/debug trap status registers.

If an exception trap or debug trap occurs, the contents of the program counter (PC) are saved to DBPC, and
those of the program status word (PSW) are saved to DBPSW.

The contents to be saved to DBPC are the address of the instruction next to the one that is being executed
when an exception trap or debug trap occurs.

The current contents of the PSW are saved to DBPSW.

This register can be read or written only during the interval between the execution of the DBTRAP instruction
or illegal opcode and the DBRET instruction.

Bits 31 to 26 of DBPC and bits 31 to 8 of DBPSW are reserved for future function expansion (fixed to 0).

The value of DBPC is restored to the PC and the value of DBPSW to the PSW by the DBRET instruction.

31 2625 0
!

B B ) B O B I B B B B
Default value
DBPC 0|0|0|0|0]|0 (Saved PC contents) 0x0000xH

(x: Undefined)

31 8 7 0

T T 1 11
(Saved PSW Default value
contents) 000000xxH
(x: Undefined)

DBPSW o|o|ojojo|0|0O|0O|O|OfO|O|O|O|O|O|O|O|O|O|O|O|O]|O

(7) CALLT base pointer (CTBP)

The CALLT base pointer (CTBP) is used to specify a table address or generate a target address (bit 0 is fixed

to 0).
Bits 31 to 26 of this register are reserved for future function expansion (fixed to 0).

31 2625 0
!

L L L L L L L L
CTBP olololololo (Base address) 0 Default value
OxxxxxxxH

(x: Undefined)
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(8) Program ID register (ASID)
ASID sets the ID of the program in progress.
Bits 31 to 8 of this register are reserved for future function expansion (fixed to 0).

Caution To use the V850E/SJ3-H or V850E/SK3-H, initialize the ASID register to 00H in its initialization

routine.
31 8 7
‘ - After reset
ASID 0/0|0|0|0 ojo|0jojo0|0O|O|O|O|O|O|O|O|O|O|O|O ASID 000000xxH
(x: Undefined)
Bit position Flag name Function
7t00 ASID ID of program under execution
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3.3 Operation Modes
The V850E/SJ3-H and V850E/SK3-H have the following operation modes.

(1) Normal operation mode
In this mode, each pin related to the bus interface is set to the port mode after system reset has been released.
Execution branches to the reset entry address of the internal ROM, and then instruction processing is started.

(2) Flash memory programming mode
In this mode, the internal flash memory can be programmed by using a flash memory programmer.

(3) On-chip debug mode
The V850E/SJ3-H and V850E/SK3-H are provided with an on-chip debug function that employs the JTAG
(Joint Test Action Group) communication specifications and that is executed via an on-chip debug emulator.
For details, see CHAPTER 34 ON-CHIP DEBUG FUNCTION.

3.3.1 Specifying operation mode

Specify the operation mode by using the FLMDO and FLMD1 pins.

In the normal mode, input a low level to the FLMDO pin when reset is released.

In the flash memory programming mode, a high level is input to the FLMDO pin from the flash memory programmer
if a flash memory programmer is connected, but it must be input from an external circuit in the self-programming
mode.

Operation When Reset Is Released Operation Mode After Reset
FLMDO FLMD1
L X Normal operation mode
H L Flash memory programming mode
H H Setting prohibited

Remark L: Low-level input
H: High-level input
x: Don’t care
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CHAPTER 3 CPU FUNCTION
3.4 Address Space

3.4.1

CPU address space

For instruction addressing, up to a combined total of 32 MB of external memory area and internal ROM area, plus
an internal RAM area, are supported in a linear address space (program space) of up to 64 MB. For operand

addressing (data access), up to 4 GB of a linear address space (data space) is supported. The 4 GB address space,
however, is viewed as 64 images of a 64 MB physical address space. This means that the same 64 MB physical
address space is accessed regardless of the value of bits 31 to 26.

Figure 3-1. Image on Address Space
Image 63
4 GB HE
l‘. Data space
', -”/" |On-chip peripheral I/O area
Program space e
Use-prohibited area . A Internal RAM area
. Image 1 o
Internal RAM area T \ Use-prohibited area
l, Programmable peripheral
| I/O area or
\ | use-prohibited area
Use-prohibited area Vo Expanded internal
P Vo RAM area 64 MB
Lo or
Expanded internal \“ External memory area
RAM area v Use-prohibited area
or 64 MB P
External memory area Vo
Use-prohibited area Image 0 "t | External memory area
External memory area \'
b Internal ROM area
Internal ROM area

Caution Only the programmable peripheral /0O area can be viewed in the 4 GB address space as the
image in 256 MB unit.
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3.4.2 Wraparound of CPU address space

(1) Program space

Of the 32 bits of the PC (program counter), the higher 6 bits are fixed to 0 and only the lower 26 bits are valid.
The higher 6 bits ignore a carry or borrow from bit 25 to 26 during branch address calculation.

Therefore, the highest address of the program space, 03FFFFFFH, and the lowest address, 00000000H, are
contiguous addresses. That the highest address and the lowest address of the program space are contiguous
in this way is called wraparound.

Caution Because the 4 KB area of addresses 03FFFO00H to 03FFFFFFH is an on-chip peripheral 1/0
area, instructions cannot be fetched from this area. Therefore, do not execute an operation in
which the result of a branch address calculation affects this area.

00000001H Program space
00000000H
(+) direction (-) direction
03FFFFFFH
03FFFFFEH
Program space

(2) Data space

The result of an operand address calculation operation that exceeds 32 bits is ignored.
Therefore, the highest address of the data space, FFFFFFFFH, and the lowest address, 00000000H, are
contiguous, and wraparound occurs at the boundary of these addresses.

00000001H Data space
00000000H
(+) direction (-) direction
FFFFFFFFH
FFFFFFFEH
Data space
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3.4.3 Memory map

The areas shown below are reserved in the V850E/SJ3-H and V850E/SK3-H.

External memory area
(28 MB)

00400000H
003FFFFFH

Internal ROM area
(4 MB)

00000000H

Notes 1. Use of addresses O3FEFO00H to O3FEFFFFH is prohibited because these addresses are in the
same area as the on-chip peripheral I/O area.
256 MB unit.

2. Only the programmable peripheral I/O area can be viewed in the 4 GB address space as the image in

version without a CAN controller is prohibited.

3. Addresses 03FECO000H to 03FECBFFH are allocated to addresses 03FECO00H to O3FEEFFFH of
the CAN controller version as a programmable peripheral I/O area. Use of these addresses in a

User's Manual U19201EJ3VOUD

Figure 3-2. Data Memory Map (Physical Addresses) (1/2)
(a) When using expanded internal RAM
03FFFFFFH On-chip peripheral /O area 03FFFFFFH
(4 KB) 03FFFOOOH
(80 KB) 03FFEFFFH
03FECOOOH| ‘
03FEBFFFH v Internal RAM area
Expanded internal RAM area | (60 KB)
(32 KB max.) '
03FE4000H v
| 03FFO0000H
O3FE3FFFH \ - 03FEFFFFH
! Use prohibited™te
\ 03FEFOO0O0H
ibi \ 03FEEFFFH
Use prohibited \ Programmable peripheral
v I/O areal°*®2 or
y use prohibitedhete3
02000000H L 03FEC000H
01FFFFFFH
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Figure 3-2. Data Memory Map (Physical Addresses) (2/2)

(b) When not using expanded internal RAM

<R>
03FFFFFFH
(80 KB)
03FECO000H
03FEBFFFH
External memory area
(1968 KB)
03E00000H
03DFFFFFH
Use prohibited
02000000H
O1FFFFFFH
External memory area
(28 MB)
00400000H
003FFFFFH
Internal ROM area
(4 MB)
00000000H

256 MB

unit.

88

same area as the on-chip peripheral 1/0O area.

version without a CAN controller is prohibited.

On-chip peripheral I/O area

Notes 1. Use of addresses 03FEFO00H to O3FEFFFFH is prohibited because these addresses are in the

2. Only the programmable peripheral I/O area can be viewed in the 4 GB address space as the image in

3. Addresses 03FECO00H to O3FEEFFFH are allocated to addresses 03FEC000H to O03FECBFFH of

the CAN controller version as a programmable peripheral I/O area. Use of these addresses in a

03FFFFFFH
(4 KB) 03FFFO000H
03FFEFFFH
Internal RAM area
(60 KB)
03FFO0000H
Use prohibitedote ! 03FEFFFFH
03FEFOO0O0H
Programmable peripheral 03FEEFFFH
1/O areaN°*2 or
use prohibitedhete3
03FECO000H
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Figure 3-3. Program Memory Map (1/2)

(a) When using expanded internal RAM

03FFFFFFH

03FFFO000H
03FFEFFFH

03FF0000H
03FEFFFFH

03FECO00H
03FEBFFFH

03FE4000H
03FE3FFFH

oo
-
mo
mo
mo
mo
mo
T

oo
oo
wW
Mo
Mo
mo
mo
T

00000000H

Use prohibited
(program fetch prohibited area)

Internal RAM area (60 KB)

Use prohibited
(program fetch prohibited area)

Expanded internal RAM area
(32 KB max.)

Use prohibited
(program fetch prohibited area)

External memory area
(28 MB)

Internal ROM area
(4 MB)
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Figure 3-3. Program Memory Map (2/2)

(b) When not using expanded internal RAM
03FFFFFFH .

Use prohibited
03FFFO00H (program fetch prohibited area)
03FFEFFFH

Internal RAM area (60 KB)
03FFO0000H
03FEFFFFH o
Use prohibited
rogram fetch prohibited area
03FECO000H (prog P :
03FEBFFFH
External memory area
(1968 KB)
03E00000H
03DFFFFFH N
Use prohibited
(program fetch prohibited area)
02000000H
01FFFFFFH
External memory area
(28 MB)
00400000H
003FFFFFH
Internal ROM area
(4 MB)
00000000H
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3.44 Areas

(1) Internal ROM area
Up to 4 MB is reserved as an internal ROM area.

(a) Internal ROM (512 KB)

512 KB are allocated to addresses 00000000H to 0007FFFFH in the following versions.

Accessing addresses 00080000H to 003FFFFFH is prohibited.
e 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), 70F3933 (V850E/SJ3-H)

Figure 3-4. Internal ROM Area (512 KB)

003FFFFFH
1 Access-prohibited ]
T area T

00080000H

0007FFFFH Internal ROM

00000000H (612 KB)
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(b) Internal ROM (768 KB)
768 KB are allocated to addresses 00000000H to 000BFFFFH in the following versions.
Accessing addresses 000C0000H to 003FFFFFH is prohibited.
e 14PD70F3934 (V850E/SJ3-H), 70F3935 (V850E/SJ3-H), 70F3936 (V850E/SJ3-H)

Figure 3-5. Internal ROM Area (768 KB)

003FFFFFH
Access-prohibited ]
T area T
000CO0000H
000BFFFFH Internal ROM
(768 KB)
00000000H

(c) Internal ROM (1024 KB)
1024 KB are allocated to addresses 00000000H to 000FFFFFH in the following versions.
Accessing addresses 00100000H to 003FFFFFH is prohibited.

e 1PD70F3925 (V850E/SK3-H), 70F3926 (V850E/SK3-H), 70F3927 (V850E/SK3-H),
70F3937 (V850E/SJ3-H), 70F3938 (V850E/SJ3-H), 70F3939 (V850E/SJ3-H)

Figure 3-6. Internal ROM Area (1024 KB)

003FFFFFH
Access-prohibited
T area T
00100000H
000FFFFFH
Internal ROM
(1024 KB)
00000000H
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(d) Internal ROM (1280 KB)
1280 KB are allocated to addresses 00000000H to 0013FFFFH in the following versions.
Accessing addresses 00140000H to 003FFFFFH is prohibited.

e 4PD70F3474 (V850E/SJ3-H), 70F3475 (V850E/SJ3-H), 70F3476 (V850E/SJ3-H),
70F3486 (V850E/SK3-H), 70F3487 (V850E/SK3-H), 70F3488 (V850E/SK3-H)

Figure 3-7. Internal ROM Area (1280 KB)

003FFFFFH

] Access-prohibited |

T area T
00140000H
0013FFFFH

Internal ROM
(1280 KB)

00000000H

(e) Internal ROM (1536 KB)
1536 KB are allocated to addresses 00000000H to 0017FFFFH in the following versions.
Accessing addresses 00180000H to 003FFFFFH is prohibited.

e 4PD70F3477 (V850E/SJ3-H), 70F3478 (V850E/SJ3-H), 70F3479 (V850E/SJ3-H),
70F3480 (V850E/SK3-H), 70F3481 (V850E/SK3-H), 70F3482 (V850E/SK3-H)

Figure 3-8. Internal ROM Area (1536 KB)

003FFFFFH

| Access-prohibited |

T area T
00180000H
0017FFFFH

Internal ROM
(1536 KB)

00000000H
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(2) Internal RAM area
60 KB are allocated to addresses 03FFO000H to O3FFEFFFH in the internal RAM area.

Figure 3-9. Internal RAM Area (60 KB)

Physical address space Logical address space
03FFEFFFH FFFFEFFFH
Internal RAM
(60 KB)
03FFO0000H FFFFOOOOH
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(3) On-chip peripheral I/O area
4 KB of addresses 03FFFO00H to 03FFFFFFH are reserved as the on-chip peripheral I/O area.

Figure 3-10. On-Chip Peripheral I/O Area

Physical address space Logical address space

03FFFFFFH FFFFFFFFH

On-chip peripheral I/O area
(4 KB)

03FFFO00H FFFFF000H

Peripheral 1/0 registers that have functions to specify the operation mode for and monitor the status of the on-
chip peripheral I/O are mapped to the on-chip peripheral I/O area. Program cannot be fetched from this area.

Cautions 1. When a register is accessed in word units, a word area is accessed twice in halfword
units in the order of lower area and higher area, with the lower 2 bits of the address
ignored.

2. If a register that can be accessed in byte units is accessed in halfword units, the higher 8
bits are undefined when the register is read, and data is written to the lower 8 bits.

3. Addresses not defined as registers are reserved for future expansion. The operation is
undefined and not guaranteed when these addresses are accessed.

4. The internal ROM/RAM area and on-chip peripheral I/O area are assigned to successive
addresses. When accessing the internal ROM/RAM area by incrementing or decrementing
addresses using pointer operations and such, therefore, be careful not to access the on-
chip peripheral 1/O area by mistakenly extending over the internal ROM/RAM area
boundary.

(4) Programmable peripheral 1/O area

Cautions 1. The programmable peripheral I/O area exists only in the CAN controller versions. This
area cannot be used with products that are not equipped with the CAN controller.
2. Only the programmable peripheral I/O area is seen as images of 256 MB each in the 4 GB
address space.

12 KB of addresses 03FECO00H to 03FEEFFFH are reserved as the programmable peripheral I/O area.

Figure 3-11. Programmable Peripheral /O Area

03FEEFFFH
Programmable peripheral
I/O area
(12 KB)
03FECO000H
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(5) External memory area
Up to 30 MB (00400000H to 01FFFFFFH, 03EO0000H to O3FEBFFFH) are allocated as the external memory
area. For details, see CHAPTER 5 BUS CONTROL FUNCTION.

6)

Expanded internal RAM area
The 32 KB area from addresses 03FE4000H to 03FEBFFFH is reserved as an expanded internal RAM area.
The expanded internal RAM area is accessed via the external bus interface. Before accessing the expanded

internal RAM area, be sure to set the registers related to the external bus interface (initialization of the
expanded internal RAM).

Remarks 1.

Cautions 1.

The following products are not provided with expanded internal RAM.

e 1PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), 70F3933 (V850E/SJ3-H)

Expanded internal RAM area can be used as external memory area. For details, see CHAPTER
5 BUS CONTROL FUNCTION.

When using the external memory and expanded internal RAM simultaneously, set the
external bus interface and expanded internal RAM at the same time.

When accessing the expanded internal RAM, all the external bus interface control signals
except the CSn signal become active (n = 1 to 3). Therefore, when using the expanded
internal RAM and external memory at the same time, be sure to control access to the
external memory by using the CSn signal output from the chip.

If an external wait is inserted via the WAIT pin, an external wait will also be inserted into
expanded internal RAM access.

Be sure to specify the initial settings for the expanded internal RAM before using it.

(a) Expanded internal RAM (16 KB)
16 KB are allocated to addresses 03FE8000H to 03FEBFFFH in the following versions.
Accessing addresses 03FE4000H to O3FE7FFFH is prohibited.

e 1/PD70F3925 (V850E/SK3-H), 70F3926 (V850E/SK3-H), 70F3927 (V850E/SK3-H),
70F3934 (V850E/SJ3-H), 70F3935 (V850E/SJ3-H), 70F3936 (V850E/SJ3-H),
70F3937 (V850E/SJ3-H), 70F3938 (V850E/SJ3-H), 70F3939 (V850E/SJ3-H)

Figure 3-12. Expanded Internal RAM Area (16 KB)

Physical address space Logical address space
03FEBFFFH FFFEBFFFH
Expanded internal RAM
(16 KB)
03FE8000H FFFE8000H
03FE7FFFH FFFE7FFFH
Access-prohibited
03FE4000H area FFFE4000H
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(b) Expanded internal RAM (32 KB)
32 KB are allocated to addresses 03FE4000H to 03FEBFFFH in the following versions.

o 1PD70F3474 (V850E/SJ3-H), 70F3475 (V850E/SJ3-H), 70F3476 (V850E/SJ3-H),
70F3477 (V850E/SJ3-H), 70F3478 (V850E/SJ3-H), 70F3479 (V850E/SJ3-H),
70F3480 (V850E/SK3-H), 70F3481 (V850E/SK3-H), 70F3482 (V850E/SK3-H),
70F3486 (V850E/SK3-H), 70F3487 (V850E/SK3-H), 70F3488 (V850E/SK3-H)

Figure 3-13. Expanded Internal RAM Area (32 KB)

Physical address space Logical address space

03FEBFFFH FFFEBFFFH

Expanded internal RAM
area (32 KB)

03FE4000H FFFE4000H

(c) Features of expanded internal RAM
e Can be accessed in as few as three bus cycles
¢ 32-bit data bus
o Misaligned access possible
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(d) Initial settings for expanded internal RAM
The initial settings for the expanded internal RAM are shown below.

Caution If the expanded internal RAM is used with any but the following initial settings, operation
is not guaranteed.

e BSC register setting
Bits 15 to 8 must be set to 10010101.

e DWCH1 register setting
Set the values of the DWCH1 register as follows, in accordance with the setting of the EXIMC register.

EXIMC Register Setting DWCH1 Register Setting
00H (Multiplexed bus mode) 0777H
01H (Separate bus mode) 1777H

e AWC register setting
Bits 15 to 8 must be set to 00111111.

e BCC register setting
Bits 15 to 8 must be set to 00101010.
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(7) Product selection register (PRDSEL)
The PRDSEL register is a register to identify the product name and the internal RAM area.
This register is used divided into two 16-bit registers, PRDSELH and PRDSELL.
This register is read-only, in 16-bit units.

After reset: Depends on product R  Address: PRDSELL FFFFFCC8H, PRDSELH FFFFFCCAH

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRDSELH | X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘RAMS‘RAMZ‘RAW‘RAMO'

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
PRDSELL | Product name (Last 3 digits) ‘ X ‘ x ‘ X ‘ x |
RAMS3 to RAMO RAM Start Address

101QNete 03FF0000H
1011 Note 2

Notes 1. 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H) only
2. Other than xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H)

Caution This register cannot be read by the in-circuit emulator (QB-V850ESX3H) (an
undefined value is read).

Remarks 1. See Table 3-3 for product name setting examples.
2. X:Undefined value

Table 3-3. Product Name Setting Examples (1/2)

Product Name PRDSELL Register
Bit 15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4

uPD70F3474 0 1 0 0 0 1 1 1 0 1 0 0
1PD70F3475 0 1 0 0 0 1 1 1 0 1 0 1
uPD70F3476 0 1 0 0 0 1 1 1 0 1 1 0
uPD70F3477 0 1 0 0 0 1 1 1 0 1 1 1
uPD70F3478 0 1 0 0 0 1 1 1 1 0 0 0
#PD70F3479 0 1 0 0 0 1 1 1 1 0 0 1
uPD70F3480 0 1 0 0 1 0 0 0 0 0 0 0
uPD70F3481 0 1 0 0 1 0 0 0 0 0 0 1
uPD70F3482 0 1 0 0 1 0 0 0 0 0 1 0
uPD70F3486 0 1 0 0 1 0 0 0 0 1 1 0
uPD70F3487 0 1 0 0 1 0 0 0 0 1 1 1
uPD70F3488 0 1 0 0 1 0 0 0 1 0 0 0
uPD70F3925 1 0 0 1 0 0 1 0 0 1 0 1
uPD70F3926 1 0 0 1 0 0 1 0 0 1 1 0
uPD70F3927 1 0 0 1 0 0 1 0 0 1 1 1
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Table 3-3. Product Name Setting Examples (2/2)

Product Name PRDSELL Register
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4

uPD70F3931 1 0 0 1 0 0 1 1 0 0 0 1
uPD70F3932 1 0 0 1 0 0 1 1 0 0 1 0
uPD70F3933 1 0 0 1 0 0 1 1 0 0 1 1
uPD70F3934 1 0 0 1 0 0 1 1 0 1 0 0
uPD70F3935 1 0 0 1 0 0 1 1 0 1 0 1
uPD70F3936 1 0 0 1 0 0 1 1 0 1 1 0
uPD70F3937 1 0 0 1 0 0 1 1 0 1 1 1
uPD70F3938 1 0 0 1 0 0 1 1 1 0 0 0
uPD70F3939 1 0 0 1 0 0 1 1 1 0 0 1

3.4.5 Recommended use of address space

The architecture of the V850E/SJ3-H and V850E/SKS-H requires that a register that serves as a pointer be secured
for address generation when operand data in the data space is accessed. The address stored in this pointer £32 KB
can be directly accessed by an instruction for operand data. Because the number of general-purpose registers that
can be used as a pointer is limited, however, by keeping the performance from dropping during address calculation
when a pointer value is changed, as many general-purpose registers as possible can be secured for variables, and the
program size can be reduced.

(1) Program space
Of the 32 bits of the PC (program counter), the higher 6 bits are fixed to 0, and only the lower 26 bits are valid.
Regarding the program space, therefore, a 64 MB space of contiguous addresses starting from 00000000H
unconditionally corresponds to the memory map.
To use the internal RAM area as the program space, access the addresses 03FFO000H to 03FFEFFFH.

Caution If a branch instruction is at the upper limit of the internal RAM area, a prefetch operation
(invalid fetch) straddling the on-chip peripheral /0 area does not occur.
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(2) Data space
With the V850E/SJ3-H and V850E/SK3-H, it seems that there are sixty-four 64 MB address spaces on the 4
GB CPU address space. Therefore, the least significant bit (bit 25) of a 26-bit address is sign-extended to 32
bits and allocated as an address.

(a) Application example of wraparound
If R = r0 (zero register) is specified for the LD/ST disp16 [R] instruction, a range of addresses 00000000H
132 KB can be addressed by sign-extended disp16. All the resources, including the internal hardware, can
be addressed by one pointer.
The zero register (r0) is a register fixed to 0 by hardware, and practically eliminates the need for registers
dedicated to pointers.

Example: PD70F3474 (V850E/SJ3-H), 70F3475 (V850E/SJ3-H), 70F3476 (V850E/SJ3-H)

0013FFFFH
00007FFFH f--m-mmmmmmaaemmms
Internal ROM area 32 KB
R=
( ) 00000000H On-chip peripheral
FFFFFO000H /O area 4 KB
FFFFEFFFH
Internal RAM area 28 KB
FFFF8000H f-----------------

User's Manual U19201EJ3VOUD 101



CHAPTER 3 CPU FUNCTION

Figure 3-14. Recommended Memory Map (1/2)

(a) When using expanded internal RAM

Program space Data space
FFFFFFFFH \
On-chip
peripheral I/O
FFFFFOOOH| | | N
FFFFEFFFH \
Internal RAM
FFFFOOO0OH | ... . . \\
FFFEFFFFH \ FFFFFFFFH
On-chip
peripheral /O | ceeEFE000H
N FFFFEFFFH
Internal RAM
04000000 | | ‘ FEFERPRRN
03FFFFFFH
FEE § Use prohibited Use prohibited°t®
ggFFEgggH FFFECO00H
FFFEBFFFH
Expanded
Internal RAM internal RAM
FFFE4000H
03FF0000H FFRESFRFH
03FEFFFFH
Use prohibited Use prohibited
03FECO00H
FEBFFFH
03 Expanded p
internal RAM
03FE4000H il
03FE3FFFH
Program space .
64 MB -7
" External
Use prohibited memory
02000000H 1
01FFFFFFH
00400000H
003FFFFFH
Internal ROM
External / 00000000H
memory S
00400000H el oy
A /
----------------- ---|.4-"Internal ROM | .
0013FFFFH A ,
00000000H #InternaIROM - ,

Note In the CAN controller version, the data space of addresses 03FECO00H to O3FEEFFFH is assigned as
the programmable peripheral I/O area. Only the programmable peripheral I/O area is seen as images of
256 MB each in the 4 GB address space.

Remarks 1. #indicates the recommended area.
2. This figure is the recommended memory map when the expanded internal RAM of the
uPD70F3474 (V850E/SJ3-H) is used (see 5.3.1 Chip select control function).

102 User's Manual U19201EJ3VOUD



<R>

CHAPTER 3 CPU FUNCTION

Figure 3-14. Recommended Memory Map (2/2)

Program space
64 MB

Note

(b) When not using expanded internal RAM

Program space Data space
FFFFFFFFH
On-chip
peripheral I/O
FFFFFOOOH| __ . | R
FFFFEFFFH
Internal RAM
FFFFOOOOH| _______________. -
FFFEFFFFH
04000000H]| 1
03FFFFFFH
Use prohibited
03FFFOOOH
03FFEFFFH
Internal RAM
03FFO0O000H
03FEFFFFH
Use prohibited
03FECO00H
03FEBFFFH
External
memory
03E00000H 3
03DFFFFFH iel
Use prohibited L ’
02000000H 1
O1FFFFFFH
External
memory
00400000H St
00740000
------------------ -1~ "Internal ROM
0013FFFFH P
00000000H # Internal ROM

onchip |FFFFFFFFH

peripheral /O |t e EEEo00H

FFFFEFFFH

Internal RAM

Use prohibitedN°*®

External
memory

Use prohibited

External
memory

00400000H

003FFFFFH
Internal ROM

00000000H

In the CAN controller version, the data space of addresses 03FEC000H to 03FEEFFFH is assigned as

the programmable peripheral I/O area. Only the programmable peripheral I/O area is seen as images of
256 MB each in the 4 GB address space.

Remarks 1. #indicates the recommended area.

2. This figure is the recommended memory map when the expanded internal RAM of the
H#PD70F3474 (V850E/SJ3-H) is used (see 5.3.1 Chip select control function).

User's Manual U19201EJ3VOUD

103




<R>

CHAPTER 3 CPU FUNCTION

3.4.6 Peripheral I/O registers

(1/19
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFFO04H Port DL register PDL R/W \' | 0000H"™""
FFFFFO04H | Port DLL register PDLL v v 00H"""
FFFFFO05H | Port DLH register PDLH VoW 00H"™*"
FFFFFO06H Port DH register PDH \ v 00H" "'
FFFFFO08H Port CS register PCS \ v 00H"™"
FFFFFOOAH Port CT register PCT \ v 00H" "'
FFFFFOOCH Port CM register PCM \ v 00H"™"
FFFFFOOEH Port CD register PCD \ v 00H" "'
FFFFF024H Port DL mode register PMDL v | FFFFH
FFFFF024H | Port DL mode register L PMDLL VoW FFH
FFFFF025H | Port DL mode register H PMDLH \ v FFH
FFFFF026H Port DH mode register PMDH R FFH
FFFFF028H Port CS mode register PMCS \ v FFH
FFFFF02AH Port CT mode register PMCT VoW FFH
FFFFFO2CH Port CM mode register PMCM \ v FFH
FFFFFO2EH Port CD mode register PMCD \ v FFH
FFFFF044H Port DL mode control register PMCDL \' | 0000H
FFFFF044H | Port DL mode control register L PMCDLL \ v 00H
FFFFF045H | Port DL mode control register H PMCDLH \ v 00H
FFFFF046H Port DH mode control register PMCDH \ v 00H
FFFFF048H Port CS mode control register PMCCS \ v 00H
FFFFFO4AH Port CT mode control register PMCCT \ v 00H
FFFFFO4CH Port CM mode control register PMCCM VoW 00H
FFFFFO4EH Port CD mode control register PMCCD \ v 00H
FFFFFO4FH Port CD function control register PFCCD R 00H
FFFFFO60H Chip area select control register 0 CSCo \ | 2C11H
FFFFFO62H Chip area select control register 1 CSCA1 v | 2C11H
FFFFF064H Peripheral I/0 area select control register BPC""? \' | 0000H
FFFFFO66H Bus size configuration register BSC \ | 5555H
FFFFFOG6EH System wait control register VSWC v 77H
FFFFFO80H DMA source address register OL DSAOL v | Undefined
FFFFFO82H DMA source address register OH DSAOH \' | Undefined
FFFFF084H DMA destination address register OL DDAOL v | Undefined
FFFFFO86H DMA destination address register OH DDAOH v | Undefined
FFFFFO88H DMA source address register 1L DSA1L \' | Undefined
FFFFFO8AH DMA source address register 1H DSA1H v | Undefined
FFFFFO8CH DMA destination address register 1L DDA1L \' | Undefined
FFFFFO8EH DMA destination address register 1H DDA1H v | Undefined
FFFFFO90H DMA source address register 2L DSA2L \' | Undefined
FFFFFO92H DMA source address register 2H DSA2H v | Undefined

Notes 1. The value of the output latch is 00H or 0000H. The status of the pin is read during input.

2. CAN controller version only
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(2/19
Address Function Register Name Symbol R/W  [Manipulatable Bits| Default Value
1 8 16
FFFFF094H DMA destination address register 2L DDA2L R/W v | Undefined
FFFFFO96H DMA destination address register 2H DDA2H v | Undefined
FFFFFO98H DMA source address register 3L DSA3L v | Undefined
FFFFFO9AH DMA source address register 3H DSA3H v | Undefined
FFFFFO9CH DMA destination address register 3L DDA3L v | Undefined
FFFFFO9EH DMA destination address register 3H DDA3H v | Undefined
FFFFFOCOH DMA transfer count register 0 DBCO v | Undefined
FFFFFOC2H DMA transfer count register 1 DBCH1 v | Undefined
FFFFFOC4H DMA transfer count register 2 DBC2 v | Undefined
FFFFFOC6H DMA transfer count register 3 DBC3 v | Undefined
FFFFFODOH DMA addressing control register 0 DADCO \' | 0000H
FFFFFOD2H DMA addressing control register 1 DADCA1 \ | 0000H
FFFFFOD4H DMA addressing control register 2 DADC2 \' | 0000H
FFFFFOD6H DMA addressing control register 3 DADC3 \ | 0000H
FFFFFOEQH DMA channel control register 0 DCHCO v \ O0H
FFFFFOE2H DMA channel control register 1 DCHC1 v \ 00H
FFFFFOE4H DMA channel control register 2 DCHC2 v \ O0H
FFFFFOE6H DMA channel control register 3 DCHC3 v \ 00H
FFFFF100H Interrupt mask register 0 IMRO \' | FFFFH
FFFFF100H | Interrupt mask register OL IMROL v \ FFH
FFFFF101H | Interrupt mask register OH IMROH v FFH
FFFFF102H Interrupt mask register 1 IMR1 \ | FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L y FFH
FFFFF103H | Interrupt mask register 1H IMR1H FFH
FFFFF104H Interrupt mask register 2 IMR2 \ | FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L v FFH
FFFFF105H | Interrupt mask register 2H IMR2H y FFH
FFFFF106H Interrupt mask register 3 IMR3 \ | FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L v FFH
FFFFF107H | Interrupt mask register 3H IMR3H FFH
FFFFF108H Interrupt mask register 4 IMR4 \' | FFFFH
FFFFF108H | Interrupt mask register 4L IMRA4L v FFH
FFFFF109H | Interrupt mask register 4H IMR4H y FFH
FFFFF10AH Interrupt mask register 5 IMR5 \ | FFFFH
FFFFF10AH | Interrupt mask register 5L IMR5L y FFH
FFFFF10BH | Interrupt mask register 5H IMRSH v \ FFH
FFFFF10CH Interrupt mask register 6 IMR6 \' | FFFFH
FFFFF10CH | Interrupt mask register 6L IMR6L v \ FFH
FFFFF10DH | Interrupt mask register 6H IMR6H v \ FFH
FFFFF10EH Interrupt mask register 7L IMR7L v \ 1FH
FFFFF110H Interrupt control register LviiC y J 47H
FFFFF112H Interrupt control register PICO v \ 47H
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(3/19
Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFF114H Interrupt control register PIC1 R/W N \ 47H
FFFFF116H Interrupt control register PIC2 VoA 47H
FFFFF118H Interrupt control register PIC3 v N 47H
FFFFF11AH Interrupt control register PIC4 V J 47H
FFFFF11CH Interrupt control register PIC5 v N 47H
FFFFF11EH Interrupt control register PIC6 V J 47H
FFFFF120H Interrupt control register PIC7 v v 47H
FFFFF122H Interrupt control register TQOOVIC v v 47H
FFFFF124H Interrupt control register TQOCCICO NN 47H
FFFFF126H Interrupt control register TQOCCIC1 \/ J 47H
FFFFF128H Interrupt control register TQOCCIC2 v W 47H
FFFFF12AH Interrupt control register TQOCCIC3 \/ J 47H
FFFFF12CH Interrupt control register TPOOVIC v ol 47H
FFFFF12EH Interrupt control register TPOCCICO \/ J 47H
FFFFF130H Interrupt control register TPOCCIC1 v ol 47H
FFFFF132H Interrupt control register TP10VIC v v 47H
FFFFF134H Interrupt control register TP1CCICO v N 47H
FFFFF136H Interrupt control register TP1CCIC1 \/ J 47H
FFFFF138H Interrupt control register TP20VIC v ol 47H
FFFFF13AH Interrupt control register TP2CCICO \/ J 47H
FFFFF13CH Interrupt control register TP2CCICH v ol 47H
FFFFF13EH Interrupt control register TP30OVIC v v 47H
FFFFF140H Interrupt control register TP3CCICO v ol 47H
FFFFF142H Interrupt control register TP3CCIC1 \/ J 47H
FFFFF144H Interrupt control register TP40VIC v ol 47H
FFFFF146H Interrupt control register TP4CCICO \/ J 47H
FFFFF148H Interrupt control register TP4CCIC1 v ol 47H
FFFFF14AH Interrupt control register TP50VIC v v 47H
FFFFF14CH Interrupt control register TP5CCICO v ol 47H
FFFFF14EH Interrupt control register TP5CCIC1 \/ J 47H
FFFFF150H Interrupt control register TMOEQICO v v 47H
FFFFF152H Interrupt control register CBORIC/IICICH \/ J 47H
FFFFF154H Interrupt control register CBOTIC v v 47H
FFFFF156H Interrupt control register CB1RIC v v 47H
FFFFF158H Interrupt control register CB1TIC v v 47H
FFFFF15AH Interrupt control register CB2RIC v v 47H
FFFFF15CH Interrupt control register CB2TIC v v 47H
FFFFF15EH Interrupt control register CB3RIC v v 47H
FFFFF160H Interrupt control register CB3TIC v v 47H
FFFFF162H Interrupt control register UAORIC/CB4RIC \/ J 47H
FFFFF164H Interrupt control register UAOTIC/CBA4TIC N J 47H
FFFFF166H Interrupt control register UA1RIC v v 47H
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(4/19)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF168H Interrupt control register UA1TIC R/W Y Y 47H
FFFFF16AH Interrupt control register UA2RIC v v 47H
FFFFF16CH Interrupt control register UA2TIC Y Y 47H
FFFFF16EH Interrupt control register ADIC v v 47H
FFFFF170H Interrupt control register DMAICO v v 47H
FFFFF172H Interrupt control register DMAIC1 Y Y 47H
FFFFF174H Interrupt control register DMAIC2 y 3 47H
FFFFF176H Interrupt control register DMAIC3 y \/ 47H
FFFFF178H Interrupt control register KRIC Y Y 47H
FFFFF17AH Interrupt control register WTIIC v v 47H
FFFFF17CH Interrupt control register WTIC v v 47H
FFFFF17EH Interrupt control register ERRICO"*" Y Y 47H
FFFFF180H Interrupt control register WUPICQ" "' v v 47H
FFFFF182H Interrupt control register RECICO"™*" v v 47H
FFFFF184H Interrupt control register TRXICO" " Y Y 47H
FFFFF186H Interrupt control register ERRIC1""? v N 47H
FFFFF188H Interrupt control register WUPIC1""*? v v 47H
FFFFF18AH Interrupt control register RECIC1""? Y Y 47H
FFFFF18CH Interrupt control register TRXIC1"*? v v 47H
FFFFF18EH Interrupt control register PIC8 v v 47H
FFFFF190H Interrupt control register TP6OVIC Y Y 47H
FFFFF192H Interrupt control register TP6CCICO v v 47H
FFFFF194H Interrupt control register TP6CCIC1 v v 47H
FFFFF196H Interrupt control register TP70VIC Y Y 47H
FFFFF198H Interrupt control register TP7CCICO v v 47H
FFFFF19AH Interrupt control register TP7CCIC1 v v 47H
FFFFF19CH Interrupt control register TP8OVIC Y Y 47H
FFFFF19EH Interrupt control register TP8CCICO v v 47H
FFFFF1AOH Interrupt control register TP8CCIC1 v v 47H
FFFFF1A2H Interrupt control register CBS5RIC \ y 47H
FFFFF1A4H Interrupt control register CB5TIC v v 47H
FFFFF1A6H Interrupt control register UAS3RIC v v 47H
FFFFF1A8H Interrupt control register UASTIC \ y 47H
FFFFF1BOH Interrupt control register UA4RIC v v 47H
FFFFF1B2H Interrupt control register UA4TIC v v 47H
FFFFF1B4H Interrupt control register licic3 \ y 47H
FFFFF1B6H Interrupt control register lICICO v v 47H
FFFFF1B8H Interrupt control register lICIC2 v v 47H
FFFFF1BAH Interrupt control register lIcIc4Me?® Y Y 47H
FFFFF1BCH Interrupt control register licicsMe?® v v 47H

Notes 1. CAN controller version only

2. CAN controller (2-channel) version only
3. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)
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(5/19)
Address Function Register Name Symbol R/W |Manipulatable Bits | Default Value
1 8 16
FFFFF1BEH Interrupt control register PIC9 R/W N N 47H
FFFFF1COH Interrupt control register TP7IECIC \/ \/ 47H
FFFFF1C2H Interrupt control register TP8IECIC N N 47H
FFFFF1C4H Interrupt control register TM1EQICO v \/ 47H
FFFFF1C6H Interrupt control register TM2EQICO VoY 47H
FFFFF1C8H Interrupt control register CEOTIC™™* N N 47H
FFFFF1CAH Interrupt control register CEOTIOFIC™* y y 47H
FFFFF1CCH Interrupt control register CE1TIC™* v v 47H
FFFFF1CEH Interrupt control register CE1TIOFIC™" \/ v 47H
FFFFF1DOH Interrupt control register UBOTIRIC \/ \/ 47H
FFFFF1D2H Interrupt control register UBOTITIC N N 47H
FFFFF1D4H Interrupt control register UBOTIFIC \/ \/ 47H
FFFFF1D6H Interrupt control register UBOTIREIC N N 47H
FFFFF1D8H Interrupt control register UBOTITOIC \/ \/ 47H
FFFFF1DAH Interrupt control register UB1TIRIC N N 47H
FFFFF1DCH Interrupt control register UBI1TITIC \/ \/ 47H
FFFFF1DEH Interrupt control register UBITIFIC N N 47H
FFFFF1EOH Interrupt control register UB1TIREIC \/ \/ 47H
FFFFF1E2H Interrupt control register UBI1TITOIC N N 47H
FFFFF1E4H Interrupt control register UA5RIC \/ \/ 47H
FFFFF1E6H Interrupt control register UA5TIC N N 47H
FFFFF1E8H Interrupt control register ERRIC \/ \/ 47H
FFFFF1EAH Interrupt control register STAIC N y 47H
FFFFF1ECH Interrupt control register IEIC1 \/ \/ 47H
FFFFF1EEH Interrupt control register IEIC2 N N 47H
FFFFF1FOH Interrupt control register RTCOIC \/ \/ 47H
FFFFF1F2H Interrupt control register RTC1IC N N 47H
FFFFF1F4H Interrupt control register RTC2IC \/ \/ 47H
FFFFF1FAH | In-service priority register ISPR R Vo 00H
FFFFF1FCH Command register PRCMD W v Undefined
FFFFF1FEH Power save control register PSC RW | v 00H
FFFFF200H A/D converter mode register 0 ADAOMO v v 00H
FFFFF201H A/D converter mode register 1 ADAOMH S 00H
FFFFF202H A/D converter channel specification register ADAOS v v O00H
FFFFF203H A/D converter mode register 2 ADAOM2 N N 00H
FFFFF204H Power-fail compare mode register ADAOPFM v v 00H
FFFFF205H Power-fail compare threshold value register ADAOPFT y y 00H
FFFFF210H A/D conversion result register 0 ADAOCRO R v | Undefined
‘ FFFFF211H | A/D conversion result register OH ADAOCROH N Undefined
FFFFF212H A/D conversion result register 1 ADAOCR1 v | Undefined
‘ FFFFF213H | A/D conversion result register 1H ADAOCR1H N Undefined

<R> Note Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)
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(6/19
Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFF214H A/D conversion result register 2 ADAOCR2 R v | Undefined
| FFFFF215H | A/D conversion result register 2H ADAOCR2H v Undefined
FFFFF216H A/D conversion result register 3 ADAOCR3 \' | Undefined
| FFFFF217H | A/D conversion result register 3H ADAOCR3H v Undefined
FFFFF218H A/D conversion result register 4 ADAOCR4 \' | Undefined
| FFFFF219H | A/D conversion result register 4H ADAOCR4H v Undefined
FFFFF21AH A/D conversion result register 5 ADAOCR5 \' | Undefined
| FFFFF21BH | A/D conversion result register 5H ADAOCRS5H v Undefined
FFFFF21CH A/D conversion result register 6 ADAOCR6 \' | Undefined
| FFFFF21DH | A/D conversion result register 6H ADAOCR6H v Undefined
FFFFF21EH A/D conversion result register 7 ADAOCR7 v | Undefined
| FFFFF21FH | A/D conversion result register 7H ADAOCR7H v Undefined
FFFFF220H A/D conversion result register 8 ADAOCRS8 \' | Undefined
| FFFFF221H | A/D conversion result register 8H ADAOCR8H v Undefined
FFFFF222H A/D conversion result register 9 ADAOCR9 \' | Undefined
| FFFFF223H | A/D conversion result register 9H ADAOCR9H v Undefined
FFFFF224H A/D conversion result register 10 ADAOCR10 \' | Undefined
| FFFFF225H | A/D conversion result register 10H ADAOCR10H v Undefined
FFFFF226H A/D conversion result register 11 ADAOCR11 \' | Undefined
| FFFFF227H | A/D conversion result register 11H ADAOCR11H v Undefined
FFFFF228H A/D conversion result register 12 ADAOCR12 v | Undefined
| FFFFF229H | A/D conversion result register 12H ADAOCR12H v Undefined
FFFFF22AH A/D conversion result register 13 ADAOCR13 \' | Undefined
| FFFFF22BH | A/D conversion result register 13H ADAOCR13H v Undefined
FFFFF22CH A/D conversion result register 14 ADAOCR14 \' | Undefined
| FFFFF22DH | A/D conversion result register 14H ADAOCR14H v Undefined
FFFFF22EH A/D conversion result register 15 ADAOCR15 \' | Undefined
| FFFFF22FH | A/D conversion result register 15H ADAOCR15H v Undefined
FFFFF280H D/A converter conversion value setting register 0 DAOCSO0 R/W \ 00H
FFFFF281H D/A converter conversion value setting register 1 DAOCS1 v 00H
FFFFF282H D/A converter mode register DAOM \ \ 00H
FFFFF300H Key return mode register KRM \ 00H
FFFFF308H Selector operation control register 0 SELCNTO \ \ 00H
FFFFF310H CRC input register CRCIN v 00H
FFFFF312H CRC data register CRCD \' | 0000H
FFFFF318H Noise elimination control register NFC v 00H
FFFFF31CH TMP7 noise elimination control register ENONFC \ 00H
FFFFF31EH TMP8 noise elimination control register EN1NFC v 00H
FFFFF320H BRG1 prescaler mode register PRSM1 \ \ 00H
FFFFF321H BRG1 prescaler compare register PRSCM1 v 00H
FFFFF324H BRG2 prescaler mode register PRSM2 \ \ 00H
FFFFF325H BRG2 prescaler compare register PRSCM2 \ 00H
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(7/19
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF328H BRG3 prescaler mode register PRSM3 RW | v | 00H
FFFFF329H BRGS3 prescaler compare register PRSCM3 v O00H
FFFFF340H IIC division clock select register 0 OCKSO0 v 00H
FFFFF344H IIC division clock select register 1 OCKS1 v O00H
FFFFF348H IEBus clock select register OCKS2 v 00H
FFFFF34CH IIC division clock select register 3 OCKS3"™! v 00H
FFFFF360H IEBus control register BCR \ v 00H
FFFFF361H IEBus power save register PSR \ v 00H
FFFFF362H IEBus slave status register SSR R \ v 81H
FFFFF363H IEBus unit status register USR \ v O0H
FFFFF364H IEBus interrupt status register ISR R/W \ v O0H
FFFFF365H IEBus error status register ESR \ v 00H
FFFFF366H IEBus unit address register UAR \' | 0000H
FFFFF368H IEBus slave address register SAR \' | 0000H
FFFFF36AH IEBus partner address register PAR R \' | 0000H
FFFFF36CH IEBus receive slave address register RSA \' | 0000H
FFFFF36EH IEBus control data register CDR R/W v 00H
FFFFF36FH |IEBus telegraph length register DLR v 01H
FFFFF370H IEBus data register DR v 00H
FFFFF371H IEBus field status register FSR R v O00H
FFFFF372H IEBus success count register SCR v 01H
FFFFF373H IEBus communication count register CCR v 20H
FFFFF3FOH SSCG control register SSCGCTL | RW \ v 00H
FFFFF3F1H SSCG frequency control register 0 SFCO v O00H
FFFFF3F2H SSCG frequency control register 1 SFC1 v 00H
FFFFF400H Port O register PO v 00H""*
FFFFF402H Port 1 register P1 v O0H""*?
FFFFF404H Port 2 register P2 \ v 00H""*
FFFFF406H Port 3 register P3 v | 0000H""?
FFFFF406H | Port 3L register P3L \ v 00H""*
FFFFF407H | Port 3H register P3H \ v O0H"*?
FFFFF408H Port 4 register P4 \ v 00H""*
FFFFF40AH Port 5 register P5 \ v O0H"*?
FFFFF40CH Port 6 register P6 \' | 0000H""*?
FFFFF40CH | Port 6L register P6L \ v O0H"*?
FFFFF40DH | Port 6H register P6H \ v 00H""*
FFFFF40EH Port 7L register P7L v oA 00H""?
FFFFF40FH Port 7H register P7H \ v 00H""*
FFFFF410H Port 8 register P8 \ v O0H""*?

<R> Notes 1. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)

2. The value of the output latch is 00H or 0000H. The status of the pin is read during input.
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(8/19
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF412H Port 9 register P9 R/W N | 0000H"""
FFFFF412H | Port 9L register PIL S \ 00H"*"
FFFFF413H | Port 9H register P9H \ Y 0oH"™"
FFFFF41AH Port 13 register p13te? S \ 00H" "'
FFFFF41CH Port 14 register P14te? S \ 00H"""
FFFFF41EH Port 15 register p15te? S \ 00H" "'
FFFFF420H Port 0 mode register PMO \ Y FFH
FFFFF422H Port 1 mode register PM1 S \ FFH
FFFFF424H Port 2 mode register PM2"* J J FFH
FFFFF426H Port 3 mode register PM3 N | FFFFH
FFFFF426H | Port 3 mode register L PM3L \ Y FFH
FFFFF427H | Port 3 mode register H PM3H S \ FFH
FFFFF428H Port 4 mode register PM4 \ Y FFH
FFFFF42AH Port 5 mode register PM5 S \ FFH
FFFFF42CH Port 6 mode register PM6 \' | FFFFH
FFFFF42CH | Port 6 mode register L PM6L S \ FFH
FFFFF42DH | Port 6 mode register H PM6H \ Y FFH
FFFFF42EH Port 7 mode register L PM7L S \ FFH
FFFFF42FH Port 7 mode register H PM7H J J FFH
FFFFF430H Port 8 mode register PM8 \ \ FFH
FFFFF432H Port 9 mode register PM9 \' | FFFFH
FFFFF432H | Port 9 mode register L PMOL \ \ FFH
FFFFF433H | Port 9 mode register H PM9H \ Y FFH
FFFFF43AH Port 13 mode register PM13""*? \ \ FFH
FFFFF43CH Port 14 mode register PM14""? S \ FFH
FFFFF43EH Port 15 mode register PM15"*? \ \ FFH
FFFFF440H Port 0 mode control register PMCO \ Y 00H
FFFFF444H Port 2 mode control register PMC2"*? S \ 00H
FFFFF446H Port 3 mode control register PMC3 \' | 0000H
FFFFF446H | Port 3 mode control register L PMC3L S \ 00H
FFFFF447H | Port 3 mode control register H PMC3H \ Y 00H
FFFFF448H Port 4 mode control register PMC4 S \ 00H
FFFFF44AH Port 5 mode control register PMC5 \ Y 00H
FFFFF44CH Port 6 mode control register PMC6 \' | 0000H
FFFFF44CH | Port 6 mode control register L PMC6L \ Y 00H
FFFFF44DH | Port 6 mode control register H PMC6H 00H
FFFFF450H Port 8 mode control register PMC8 \ 00H
FFFFF452H Port 9 mode control register PMC9 \' | 0000H
FFFFF452H | Port 9 mode control register L PMCOL \ Y 00H
FFFFF453H | Port 9 mode control register H PMC9H \ v OO0H
Notes 1. The value of the output latch is 00H or 0000H. The status of the pin is read during input.
2. VB850E/SK3-H only
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF45EH Port 15 mode control register PMC15™® |RW | N | 00H
FFFFF460H Port 0 function control register PFCO R v 00H
FFFFF466H Port 3 function control register PFC3 N | 0000H
FFFFF466H | Port 3 function control register L PFC3L R v 00H
FFFFF467H | Port 3 function control register H PFC3H v | AN 00H
FFFFF468H Port 4 function control register PFC4 R v 00H
FFFFF46AH Port 5 function control register PFC5 \ v 00H
FFFFF46CH Port 6 function control register PFC6 v | 0000H
FFFFF46CH | Port 6 function control register L PFC6L v | AN 00H
FFFFF46DH | Port 6 function control register H PFC6H v O00H
FFFFF470H Port 8 function control register PFC8 v | AN 00H
FFFFF472H Port 9 function control register PFC9 v | 0000H
FFFFF472H | Port 9 function control register L PFCOL v | AN 00H
FFFFF473H | Port 9 function control register H PFCOH O00H
FFFFF484H Data wait control register O DWCO N | 7777H
FFFFF486H Data wait control register 1 DWCH N | 7777H
FFFFF488H Address wait control register AWC N | FFFFH
FFFFF48AH Bus cycle control register BCC \ | AAAAH
FFFFF540H TMQO control register 0 TQOCTLO v | AN 00H
FFFFF541H TMQO control register 1 TQOCTLA v v O0H
FFFFF542H TMQO I/O control register 0 TQOIOCO v | AN 00H
FFFFF543H TMQO /O control register 1 TQOIOC1 v v O0H
FFFFF544H TMQO I/O control register 2 TQOIOC2 v | AN 00H
FFFFF545H TMQO option register 0 TQOOPTO v v O0H
FFFFF546H TMQO capture/compare register 0 TQOCCRO N | 0000H
FFFFF548H TMQO capture/compare register 1 TQOCCRH1 N | 0000H
FFFFF54AH TMQO capture/compare register 2 TQOCCR2 N | 0000H
FFFFF54CH TMQO capture/compare register 3 TQOCCR3 v | 0000H
FFFFF54EH TMQO counter read buffer register TQOCNT R N | 0000H
FFFFF590H TMPO control register 0 TPOCTLO R/W v v O0H
FFFFF591H TMPO control register 1 TPOCTL1 v | AN 00H
FFFFF592H TMPO I/O control register 0 TPOIOCO v v O0H
FFFFF593H TMPO I/O control register 1 TPOIOC1 v | AN 00H
FFFFF594H TMPO I/O control register 2 TPOIOC2 v v O0H
FFFFF595H TMPO option register 0 TPOOPTO v | AN 00H
FFFFF596H TMPO capture/compare register 0 TPOCCRO N | 0000H
FFFFF598H TMPO capture/compare register 1 TPOCCR1 v | 0000H
FFFFF59AH TMPO counter read buffer register TPOCNT R 0000H
FFFFF5A0H TMP1 control register 0 TP1CTLO RW | N | 00H
FFFFF5A1H TMP1 control register 1 TP1CTL1 v O00H
FFFFF5A2H TMP1 1/O control register 0 TP110CO v | AN 00H

Note V850E/SK3-H only
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF5A3H TMP1 1/O control register 1 TP110C1 R/W N v 00H
FFFFF5A4H TMP1 I/O control register 2 TP1lOC2 NN 00H
FFFFF5A5H TMP1 option register 0 TP10OPTO N v 00H
FFFFF5A6H TMP1 capture/compare register 0 TP1CCRO v | 0000H
FFFFF5A8H TMP1 capture/compare register 1 TP1CCR1 0000H
FFFFF5AAH TMP1 counter read buffer register TP1CNT R 0000H
FFFFF5BOH TMP2 control register O TP2CTLO R/W N v 00H
FFFFF5B1H TMP2 control register 1 TP2CTLA v v 00H
FFFFF5B2H TMP2 1/O control register 0 TP2I0CO N v 00H
FFFFF5B3H TMP2 I/O control register 1 TP210CH NN 00H
FFFFF5B4H TMP2 1/O control register 2 TP2I0C2 N v 00H
FFFFF5B5H TMP2 option register 0 TP20PTO N v OOH
FFFFF5B6H TMP2 capture/compare register O TP2CCRO 0000H
FFFFF5B8H TMP2 capture/compare register 1 TP2CCRH1 0000H
FFFFF5BAH TMP2 counter read buffer register TP2CNT R v | 0000H
FFFFF5COH TMP3 control register 0 TP3CTLO R/W N v OO0H
FFFFF5C1H TMP3 control register 1 TP3CTL1 N v 00H
FFFFF5C2H TMP3 I/O control register 0 TP3IOCO N v OO0H
FFFFF5C3H TMP3 1/O control register 1 TP3IOC1 N v 00H
FFFFF5C4H TMP3 I/O control register 2 TP3I0OC2 N v OOH
FFFFF5C5H TMP3 option register 0 TP3OPTO R/W N v 00H
FFFFF5C6H TMP3 capture/compare register 0 TP3CCRO v | 0000H
FFFFF5C8H TMP3 capture/compare register 1 TP3CCR1 0000H
FFFFF5CAH TMP3 counter read buffer register TP3CNT R 0000H
FFFFF5DOH TMP4 control register O TP4CTLO R/W N v 00H
FFFFF5D1H TMP4 control register 1 TP4CTLA v v 00H
FFFFF5D2H TMP4 1/O control register 0 TP410CO N v 00H
FFFFFSD3H | TMP4 I/O control register 1 TP4IOCH NN 00H
FFFFF5D4H TMP4 1/O control register 2 TP410C2 N v 00H
FFFFF5D5H TMP4 option register 0 TP40OPTO N v OOH
FFFFF5D6H TMP4 capture/compare register O TP4CCRO 0000H
FFFFF5D8H TMP4 capture/compare register 1 TP4CCR1 0000H
FFFFF5DAH TMP4 counter read buffer register TP4CNT R v | 0000H
FFFFF5EOH TMPS5 control register 0 TP5CTLO R/W N v OOH
FFFFF5E1H TMP5 control register 1 TP5CTL1 N v 00H
FFFFF5E2H TMP5 1/O control register 0 TP5I0CO N v OOH
FFFFF5E3H TMP5 1/O control register 1 TP5I0C1 N v 00H
FFFFF5E4H TMP5 1/O control register 2 TP5I0C2 N v OO0H
FFFFF5E5H TMP5 option register 0 TP50PTO N v 00H
FFFFF5E6H TMP5 capture/compare register 0 TP5CCRO v | 0000H
FFFFF5E8H TMP5 capture/compare register 1 TP5CCR1 R/W 0000H
FFFFF5EAH TMP5 counter read buffer register TP5CNT R 0000H
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF5FOH TMP6 control register 0 TP6CTLO RW | v | N 00H
FFFFF5F1H TMPG6 control register 1 TP6CTLA \ v 00H
FFFFF5F2H TMP6 I/O control register 0 TP6IOCO VoA 00H
FFFFF5F3H TMP6 1/0 control register 1 TP6IOC1 \ v 00H
FFFFF5F4H TMP6 I/O control register 2 TP6IOC2 VoA 00H
FFFFF5F5H TMP6 option register 0 TP60OPTO \ v 00H
FFFFF5F6H TMP6 capture/compare register O TP6CCRO N | 0000H
FFFFF5F8H TMP6 capture/compare register 1 TP6CCR1 v | 0000H
FFFFF5FAH TMP6 counter read buffer register TP6CNT R N | 0000H
FFFFF640H TMP7 control register 0 TP7CTLO R/W \ v 00H
FFFFF641H TMP7 control register 1 TP7CTLA1 \ v 00H
FFFFF642H TMP7 control register 2 TP7CTL2 \ v 00H
FFFFF643H TMP7 1/O control register 0 TP710CO \ v 00H
FFFFF644H TMP7 1/O control register 1 TP710C1 \ v 00H
FFFFF645H TMP7 1/O control register 2 TP710C2 \ v 00H
FFFFF646H TMP7 1/O control register 3 TP7I10C3 \ v 00H
FFFFF647H TMP7 option register 0 TP70PTO S v O0H
FFFFF648H TMP7 option register 1 TP70PT1 \ v 00H
FFFFF64AH TMP7 capture/compare register 0 TP7CCRO N | 0000H
FFFFF64CH TMP7 capture/compare register 1 TP7CCRA1 v | 0000H
FFFFF64EH TMP7 counter read buffer register TP7CNT R N | 0000H
FFFFF650H TMP7 counter write register TP7TCW R/W v | 0000H
FFFFF660H TMP8 control register 0 TP8CTLO v v 00H
FFFFF661H TMPS control register 1 TP8CTLA v v 00H
FFFFF662H TMP8 control register 2 TP8CTL2 v v 00H
FFFFF663H TMPS8 I/O control register 0 TP8IOCO v v 00H
FFFFF664H TMP8 1/O control register 1 TP8IOCH v v 00H
FFFFF665H TMPS8 I/O control register 2 TP8IOC2 v v 00H
FFFFF666H TMP8 1/O control register 3 TP8IOC3 v v 00H
FFFFF667H TMPS8 option register 0 TP8OPTO v v O0H
FFFFF668H TMP8 option register 1 TP8OPTH v v O0H
FFFFF66AH TMP8 capture/compare register 0 TP8CCRO v | 0000H
FFFFF66CH TMP8 capture/compare register 1 TP8CCR1 N | 0000H
FFFFF66EH TMP8 counter read buffer register TP8CNT R v | 0000H
FFFFF670H TMP8 counter write register TP8TCW R/W N | 0000H
FFFFF680H Watch timer operation mode register WTM v v O0H
FFFFF690H TMMO control register 0 TMOCTLO v v 00H
FFFFF694H TMMO compare register 0 TMOCMPO v | 0000H
FFFFF6AOH TMM1 control register 0 TM1CTLO v v 00H
FFFFF6A4H TMM1 compare register 0 TM1CMPO v | 0000H
FFFFF6BOH TMM2 control register 0 TM2CTLO v v 00H
FFFFF6B4H TMM2 compare register 0 TM2CMPO v | 0000H
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(12/19)
Address Function Register Name Symbol R/W | Manipulatable Bits Default
1|8 |16]|s| Vale
FFFFF6COH Oscillation stabilization time select register OSTS R/W v 06H
FFFFF6C1H PLL lockup time specification register PLLS v 03H
FFFFF6DOH Watchdog timer mode register 2 WDTM2 v 67H
FFFFF6D1H Watchdog timer enable register WDTE v 9AH
FFFFF6EOH Real-time output buffer register OL RTBLO VoA 00H
FFFFF6E2H Real-time output buffer register OH RTBHO S v O00H
FFFFF6E4H Real-time output port mode register 0 RTPMO LA 00H
FFFFF6E5H Real-time output port control register 0 RTPCO N Y 00H
FFFFF6FOH Real-time output buffer register 1L RTBL1 VoA 00H
FFFFF6F2H Real-time output buffer register 1H RTBH1 S v O00H
FFFFF6F4H Real-time output port mode register 1 RTPM1 NN OO0H
FFFFF6F5H Real-time output port control register 1 RTPC1 N Y 00H
FFFFF700H Port 0 function control expansion register PFCEQ"™" \/ v 00H
FFFFF706H Port 3 function control expansion register PFCE3 \ 0000H
FFFFF706H | Port 3 function control expansion register L PFCES3L LA 00H
FFFFF707H | Port 3 function control expansion register H PFCE3H Nl 00H
FFFFF70AH Port 5 function control expansion register PFCES5 \/ 00H
FFFFF70CH Port 6 function control expansion register PFCE6 \ 0000H
FFFFF70CH | Port 6 function control expansion register L PFCE6L LA 00H
FFFFF70DH | Port 6 function control expansion register H PFCE6H Nl 00H
FFFFF710H Port 8 function control expansion register PFCES8 \/ v 00H
FFFFF712H Port 9 function control expansion register PFCE9 v 0000H
FFFFF712H | Port 9 function control expansion register L PFCESL LA 00H
FFFFF713H | Port 9 function control expansion register H PFCE9H Nl 00H
FFFFF802H System status register SYS N 00H
FFFFF80CH Internal oscillation mode register RCM Nl A 00H
FFFFF810H DMA trigger factor register 0 DTFRO LA 00H
FFFFF812H DMA trigger factor register 1 DTFR1 oA 00H
FFFFF814H DMA trigger factor register 2 DTFR2 Nl 00H
FFFFF816H DMA trigger factor register 3 DTFR3 Nl A 00H
FFFFF820H Power save mode register PSMR NN OO0H
FFFFF822H Clock control register CKC Nl 0AH
FFFFF824H Lock register LOCKR R VoA 00H
FFFFF828H Processor clock control register PCC RW | v | + 03H
FFFFF82CH PLL control register PLLCTL NN 01H
FFFFF82EH CPU operation clock status register CCLS R LA 00H
FFFFF840H Correction address register 0 CORADO R/W v | 00000000H
FFFFF840H | Correction address register OL CORADOL \ 0000H
FFFFF842H | Correction address register OH CORADOH S 0000H
FFFFF844H Correction address register 1 CORAD1 v | 00000000H
FFFFF844H | Correction address register 1L CORAD1L \/ 0000H
FFFFF846H | Correction address register 1H CORAD1H \ 0000H

Note Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)

User's Manual U19201EJ3VOUD

115



<R>
<R>
<R>
<R>
<R>
<R>
<R>
<R>
<R>
<R>
<R>
<R>

<R>

<R>

CHAPTER 3 CPU FUNCTION

(13/19
Address Function Register Name Symbol R/W | Manipulatable Bits Default
1|8 |16 |32| Value
FFFFF848H Correction address register 2 CORAD2 R/W v | 00000000H
FFFFF848H | Correction address register 2L CORAD2L v 0000H
FFFFF84AH | Correction address register 2H CORAD2H v 0000H
FFFFF84CH Correction address register 3 CORAD3 \ | 00000000H
FFFFF84CH | Correction address register 3L CORAD3L v 0000H
FFFFF84EH | Correction address register 3H CORAD3H 0000H
FFFFF850H Correction address register 4 CORAD4 v | 00000000H
FFFFF850H | Correction address register 4L CORADA4L v 0000H
FFFFF852H | Correction address register 4H CORAD4H v 0000H
FFFFF854H Correction address register 5 CORAD5 \ | 00000000H
FFFFF854H | Correction address register 5L CORAD5L v 0000H
FFFFF856H | Correction address register 5H CORAD5H 0000H
FFFFF858H Correction address register 6 CORADG6 v | 00000000H
FFFFF858H | Correction address register 6L CORAD6L v 0000H
FFFFF85AH | Correction address register 6H CORAD6H v 0000H
FFFFF85CH Correction address register 7 CORAD7 \ | 00000000H
FFFFF85CH | Correction address register 7L CORAD7L v 0000H
FFFFF85EH | Correction address register 7H CORAD7H 0000H
FFFFF870H Clock monitor mode register CLM N O0H
FFFFF880H Correction control register CORCN N[ 00H
FFFFF888H Reset source flag register RESF N O0H
FFFFF890H Low-voltage detection register LVIM N[ O0H
FFFFF891H Low-voltage detection level select register LVIS v 00H
FFFFF892H Internal RAM data status register RAMS N[ o1H""!
FFFFF8BOH Prescaler mode register 0 PRSMO N 00H
FFFFF8B1H Prescaler compare register 0 PRSCMO v O0H
FFFFF900H CSIEO control register 0 CEOCTLOQ"™"? N 00H
FFFFF901H CSIEO control register 1 CEOCTL1""? N 07H
FFFFF902H CSIEO receive data buffer register CEORX0"™"? | R v 0000H
FFFFF902H | CSIEO receive data buffer register L CEORXOL""** v O0H
FFFFF903H | CSIEO receive data buffer register H CEORXOH""? N O0H
FFFFF906H CSIEOQ transmit data buffer register CEOTX0"™"* | R/W v 0000H
FFFFF906H | CSIEO transmit data buffer register L CEOTXOL""*? N O0H
FFFFF907H | CSIEO transmit data buffer register H CEOQTXOH""? v O0H
FFFFF908H CSIEQ status register CEOSTR"™** N 20H
FFFFF909H CSIEO control register 2 CEOCTL2"** N[ 00H
FFFFF90CH CSIEO control register 3 CEOCTL3"™"? N O0H
FFFFF940H CSIE1 control register 0 CE1CTLO""* N[ 00H
FFFFF941H CSIE1 control register 1 CE1CTL1""? N o7H

Notes 1. The default value indicates the value after the power is turned on.

The status before a reset is retained after the reset.

2. Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF942H CSIE1 receive data buffer register CE1RX0™™" | R N | 0000H
FFFFF942H | CSIE1 receive data buffer register L CE1RXOL"™ ™" \ O00H
FFFFF943H | CSIE1 receive data buffer register H CE1RXQH"™™" S O0H
FFFFF946H CSIE1 transmit data buffer register CE1TX0"*" \ | 0000H
FFFFF946H | CSIE1 transmit data buffer register L CE1TXOL™"" S O0H
FFFFF947H | CSIE1 transmit data buffer register H CE1TXOH"™"" \ O0H
FFFFF948H CSIE1 status register CE1STR™™' v S 20H
FFFFF949H CSIE1 control register 2 CE1CTL2™™" v \ 00H
FFFFF94CH CSIE1 control register 3 CE1CTL3™™’ v S 00H
FFFFF9FCH On-chip debug mode register OCDM v \ 01H
FFFFFOFEH Peripheral emulation register 1 PEMU1""*? y J O0H
FFFFFAOOH UARTAO control register 0 UAOCTLO v S 10H
FFFFFAO1H UARTAO control register 1 UAOCTLA1 S 00H
FFFFFAO2H UARTAO control register 2 UAOCTL2 S FFH
FFFFFAO3H UARTAO option control register 0 UAOOPTO S 14H
FFFFFA04H UARTAQO status register UAOSTR v \ 00H
FFFFFAO6H UARTAO receive data register UAORX R S FFH
FFFFFAO7H UARTAQ transmit data register UAOTX R/W \ FFH
FFFFFA10H UARTAT1 control register 0 UA1CTLO y J 10H
FFFFFA11H UARTAT1 control register 1 UA1CTL1 \ O00H
FFFFFA12H UARTA1 control register 2 UA1CTL2 J FFH
FFFFFA13H UARTAT1 option control register 0 UA10PTO v \ 14H
FFFFFA14H UARTA1 status register UA1STR v S 00H
FFFFFA16H UARTAT1 receive data register UA1RX R \ FFH
FFFFFA17H UARTA1 transmit data register UA1TX R/W J FFH
FFFFFA20H UARTA2 control register 0 UA2CTLO v \ 10H
FFFFFA21H UARTAZ2 control register 1 UA2CTLA1 J 00H
FFFFFA22H UARTA2 control register 2 UA2CTL2 S FFH
FFFFFA23H UARTA2 option control register 0 UA20PTO NN 14H
FFFFFA24H UARTAZ status register UA2STR \ 00H
FFFFFA26H UARTA2 receive data register UA2RX R J FFH
FFFFFA27H UARTA2 transmit data register UA2TX R/W S FFH
FFFFFA30H UARTAS control register 0 UA3CTLO y J 10H
FFFFFA31H UARTAS control register 1 UA3CTL1 S O00H
FFFFFA32H UARTAS control register 2 UA3CTL2 J FFH
FFFFFA33H UARTAS option control register 0 UA3OPTO R/W v S 14H
FFFFFA34H UARTA3 status register UA3STR v S O0H
FFFFFA36H UARTAS receive data register UA3RX R S FFH
FFFFFA37H UARTAS transmit data register UA3TX R/W S FFH
FFFFFA40H UARTA4 control register 0 UA4CTLO v \ 10H

Notes 1. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (VB50E/SJ3-H)
2. Only during emulation
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16

FFFFFA41H UARTA4 control register 1 UA4CTL1 R/W y 00H
FFFFFA42H UARTA4 control register 2 UA4CTL2 v FFH
FFFFFA43H UARTAA4 option control register 0 UA40OPTO y 14H
FFFFFA44H UARTAA4 status register UA4STR v 00H
FFFFFA46H UARTA4 receive data register UA4RX R v FFH
FFFFFA47H UARTA4 transmit data register UA4TX R/W v FFH
FFFFFA50H UARTAS control register 0 UA5CTLO v oA 10H
FFFFFA51H UARTADS control register 1 UA5CTL1 v O00H
FFFFFA52H UARTAS control register 2 UA5SCTL2 y FFH
FFFFFA53H UARTADS option control register O UA50PTO v 14H
FFFFFA54H UARTAS status register UA5STR v O00H
FFFFFA56H UARTADS receive data register UA5RX R v FFH
FFFFFA57H UARTADS transmit data register UA5TX R/W v FFH
FFFFFA80H UARTBO control register 0 UBOCTLO \ v 10H
FFFFFA82H UARTBO control register 2 UBOCTL2 v | FFFFH
FFFFFA84H UARTBO status register UBOSTR \ v 00H
FFFFFA86H UARTBO receive data register AP UBORXAP R v | OOFFH

FFFFFA86H | UARTBO receive data register UBORX v FFH
FFFFFA88H UARTBO transmit data register UBOTX w v FFH
FFFFFA8AH UARTBO FIFO control register 0 UBOFICO R/W v 00H
FFFFFA8SBH UARTBO FIFO control register 1 UBOFIC1 y 00H
FFFFFA8CH UARTBO FIFO control register 2 UBOFIC2 \' | 0000H

FFFFFA8CH | UARTBO FIFO control register 2L UBOFIC2L y 00H

FFFFFASDH | UARTBO FIFO control register 2H UBOFIC2H v 00H
FFFFFA8EH UARTBO FIFO status register 0 UBOFISO R v 00H
FFFFFA8FH UARTBO FIFO status register 1 UBOFIS1 v 10H
FFFFFAAOH UARTB1 control register 0 UBICTLO |RW | Vv | 10H
FFFFFAA2H UARTB1 control register 2 UB1CTL2 \' | FFFFH
FFFFFAA4H UARTBH status register UB1STR VoA O0H
FFFFFAA6H UARTB/1 receive data register AP UB1RXAP R \' | 0OFFH

FFFFFAA6H | UARTB1 receive data register UB1RX y FFH
FFFFFAA8H UARTBH1 transmit data register UB1TX w v FFH
FFFFFAAAH UARTB1 FIFO control register 0 UB1FICO R/wW y 00H
FFFFFAABH UARTB1 FIFO control register 1 UB1FICH v 00H
FFFFFAACH UARTB1 FIFO control register 2 UB1FIC2 v | 0000H

FFFFFAACH | UARTB1 FIFO control register 2L UB1FIC2L v 00H

FFFFFAADH | UARTB1 FIFO control register 2H UB1FIC2H y 00H
FFFFFAAEH UARTB1 FIFO status register 0 UB1FISO R v 00H
FFFFFAAFH UARTB1 FIFO status register 1 UB1FIS1 y 10H
FFFFFADOH Subcount register RC1SUBC \' | 0000H
FFFFFAD2H Second count register RC1SEC R/W y 00H
FFFFFAD3H Minute count register RC1MIN 00H
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Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFFAD4H Hour count register RC1HOUR | R'W \ 12H
FFFFFAD5H Week count register RC1WEEK v 00H
FFFFFAD6H Day count register RC1DAY \ 01H
FFFFFAD7H Month count register RC1MONTH v 01H
FFFFFAD8H Year count register RC1YEAR \ 00H
FFFFFAD9H Watch error correct register RC1SUBU v \ OO0H
FFFFFADAH Alarm minute setting register RC1ALM J 00H
FFFFFADBH Alarm hour setting register RC1ALH v 12H
FFFFFADCH Alarm week setting register RC1ALW J 00H
FFFFFADDH Real-time counter control register 0 RC1CCO v \ OO0H
FFFFFADEH Real-time counter control register 1 RC1CCH \ \ 00H
FFFFFADFH Real-time counter control register 2 RC1CC2 v \ OO0H
FFFFFAEOH Real-time counter control register 3 RC1CC3 \ \ 00H
FFFFFCOOH External interrupt falling edge specification register 0 | INTFO v \ 00H
FFFFFCO6H External interrupt falling edge specification register 3 | INTF3 \ \ 00H
FFFFFCO8H External interrupt falling edge specification register 4 | INTF4 v \ 00H
FFFFFCOAH External interrupt falling edge specification register 5 | INTF5 \ \ 00H
FFFFFCOCH External interrupt falling edge specification register 6 | INTF6 v \ 00H
FFFFFC10H External interrupt falling edge specification register 8 | INTF8 \ \ 00H
FFFFFC12H External interrupt falling edge specification register 9 | INTF9 \' | 0000H
FFFFFC12H | External interrupt falling edge specification register 9L | INTFOL J \/ 00H
FFFFFC13H External interrupt falling edge specification register 9H | INTFOH v v 00H
FFFFFC1EH External interrupt falling edge specification register 15 | INTF15""° \ \ 00H
FFFFFC20H External interrupt rising edge specification register 0 | INTRO v v 00H
FFFFFC26H External interrupt rising edge specification register 3 | INTR3 \ \ 00H
FFFFFC28H External interrupt rising edge specification register 4 | INTR4 v v 00H
FFFFFC2AH External interrupt rising edge specification register 5 | INTR5 \ \ 00H
FFFFFC2CH External interrupt rising edge specification register 6 | INTR6 v v 00H
FFFFFC30H External interrupt rising edge specification register 8 | INTR8 \ \ 00H
FFFFFC32H External interrupt rising edge specification register 9 | INTR9 \' | 0000H
FFFFFC32H | External interrupt rising edge specification register 9L | INTROL \ \ 00H
FFFFFC33H External interrupt rising edge specification register 9H | INTR9H v \ 00H
FFFFFC3EH External interrupt rising edge specification register 15 | INTR15"* \ \ 00H
FFFFFC60H Port 0 function register PFO v \ OO0H
FFFFFC64H Port 2 function register PF2"* \ \ 00H
FFFFFC66H Port 3 function register PF3 \' | 0000H
FFFFFC66H | Port 3 function register L PF3L \ \ 00H
FFFFFC67H | Port 3 function register H PF3H v \ OO0H
FFFFFC68H Port 4 function register PF4 \ \ 00H
FFFFFC6AH Port 5 function register PF5 \ \ OO0H

Note V850E/SK3-H only
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1 8 16
FFFFFC6CH Port 6 function register PF6 R/W v | 0000H
FFFFFC6CH | Port 6 function register L PF6L v 00H
FFFFFC6DH | Port 6 function register H PF6H 00H
FFFFFC70H Port 8 function register PF8 v 00H
FFFFFC72H Port 9 function register PF9 v | 0000H
FFFFFC72H | Port 9 function register L PFIOL v 00H
FFFFFC73H | Port 9 function register H PFOH N 00H
FFFFFC7EH Port 15 function register PF15"* v 00H
FFFFFCC8H Product selection register L PRDSELL R Depends on product
FFFFFCCAH Product selection register H PRDSELH Depends on product
FFFFFDOOH CSIBO control register 0 CBOCTLO R/W y 01H
FFFFFDO1H CSIBO control register 1 CBOCTLA v 00H
FFFFFDO2H CSIBO control register 2 CBOCTL2 v 00H
FFFFFDO3H CSIBO status register CBOSTR \ v 00H
FFFFFDO4H CSIBO receive data register CBORX R V| 0000H
‘ FFFFFDO4H | CSIBO receive data register L CBORXL v O00H
FFFFFDO6H CSIBO transmit data register CBOTX R/W v | 0000H
‘ FFFFFDO6H | CSIBO transmit data register L CBOTXL v O00H
FFFFFD10H CSIB1 control register 0 CB1CTLO y 01H
FFFFFD11H CSIB1 control register 1 CB1CTLA v 00H
FFFFFD12H CSIB1 control register 2 CB1CTL2 y 00H
FFFFFD13H CSIB1 status register CB1STR \ v 00H
FFFFFD14H CSIB1 receive data register CB1RX R V| 0000H
‘ FFFFFD14H | CSIB1 receive data register L CB1RXL v O00H
FFFFFD16H CSIB1 transmit data register CB1TX R/W v | 0000H
‘ FFFFFD16H | CSIB1 transmit data register L CB1TXL v O00H
FFFFFD20H CSIB2 control register 0 CB2CTLO y 01H
FFFFFD21H CSIB2 control register 1 CB2CTLA v 00H
FFFFFD22H CSIB2 control register 2 CB2CTL2 y 00H
FFFFFD23H CSIB2 status register CB2STR \ v 00H
FFFFFD24H CSIB2 receive data register CB2RX R v | 0000H
‘ FFFFFD24H | CSIB2 receive data register L CB2RXL v O00H
FFFFFD26H CSIB2 transmit data register CB2TX R/wW v | 0000H
‘ FFFFFD26H | CSIB2 transmit data register L CB2TXL v O00H
FFFFFD30H CSIB83 control register 0 CB3CTLO y 01H
FFFFFD31H CSIBS3 control register 1 CB3CTLA v 00H
FFFFFD32H CSIB3 control register 2 CB3CTL2 v 00H
FFFFFD33H CSIB3 status register CB3STR \ v 00H
FFFFFD34H CSIB3 receive data register CB3RX R V| 0000H
FFFFFD34H | CSIBS3 receive data register L CB3RXL v O00H

Note V850E/SK3-H only
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1 8 16

FFFFFD36H CSIB3 transmit data register CB3TX R/W v | 0000H

FFFFFD36H | CSIB3 transmit data register L CB3TXL v 00H
FFFFFD40H CSIB4 control register 0 CB4CTLO y 01H
FFFFFD41H CSIB4 control register 1 CB4CTLA v 00H
FFFFFD42H CSIB4 control register 2 CBA4CTL2 v 00H
FFFFFD43H CSIB4 status register CB4STR S v 00H
FFFFFD44H CSIB4 receive data register CB4RX R v | 0000H
| FFFFFD44H | CSIB4 receive data register L CB4RXL v 00H
FFFFFD46H CSIB4 transmit data register CB4TX R/W v | 0000H
| FFFFFD46H | CSIB4 transmit data register L CB4TXL v 00H
FFFFFD50H CSIB5 control register 0 CB5CTLO v 01H
FFFFFD51H CSIBS5 control register 1 CB5CTLA v 00H
FFFFFD52H CSIB5 control register 2 CB5CTL2 v 00H
FFFFFD53H CSIB5 status register CB5STR \/ v 00H
FFFFFD54H CSIBS receive data register CB5RX R v | 0000H
| FFFFFD54H | CSIB5 receive data register L CB5RXL v 00H
FFFFFD56H CSIB5 transmit data register CB5TX R/W \' | 0000H
| FFFFFD56H | CSIB5 transmit data register L CB5TXL v 00H
FFFFFD80H 1IC shift register 0 IICO y 00H
FFFFFD82H IIC control register 0 lICCo \ v 00H
FFFFFD83H Slave address register 0 SVAO v 00H
FFFFFD84H IIC clock select register 0 IICCLO S v 00H
FFFFFD85H IIC function expansion register 0 1ICX0 N oA 00H
FFFFFD86H IIC status register 0 IICSo R \ v 00H
FFFFFD8AH IIC flag register 0 [ICFO RW | v | 00H
FFFFFD9OH IIC shift register 1 lc1 v 00H
FFFFFD92H IIC control register 1 licCHt \ v 00H
FFFFFD93H Slave address register 1 SVA1 v 00H
FFFFFD94H IIC clock select register 1 lICCLA1 S v 00H
FFFFFD95H IIC function expansion register 1 lICX1 \/ v 00H
FFFFFD96H IIC status register 1 lICs1 R \ v 00H
FFFFFD9AH IIC flag register 1 IICFA1 R/W S v 00H
FFFFFDAOH IIC shift register 2 lca y 00H
FFFFFDA2H IIC control register 2 lcca S v 00H
FFFFFDA3H Slave address register 2 SVA2 v 00H
FFFFFDA4H IIC clock select register 2 lICCL2 S v 00H
FFFFFDAS5H IIC function expansion register 2 licx2 N oA 00H
FFFFFDAGH IIC status register 2 lcs2 R S v 00H
FFFFFDAAH | IIC flag register 2 lICF2 RW | v | 00H
FFFFFDBOH IIC shift register 3 IIC3 v 00H
FFFFFDB2H IIC control register 3 lICC3 N oA 00H
FFFFFDB3H Slave address register 3 SVA3 v 00H
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(19/19
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFFDB4H IIC clock select register 3 IICCL3 R/W v N 00H
FFFFFDB5H IIC function expansion register 3 lICX3 v v 00H
FFFFFDB6H IIC status register 3 lICS3 R v N 00H
FFFFFDBAH | IIC flag register 3 IICF3 RW | v | 00H
FFFFFDCOH | IIC shift register 4 lIc4"e" V 00H
FFFFFDC2H IIC control register 4 lcc4te v v 00H
FFFFFDC3H Slave address register 4 SVA4™e N 00H
FFFFFDC4H IIC clock select register 4 liccL4™* v v 00H
FFFFFDC5H | IIC function expansion register 4 [ICX4™* N O0H
FFFFFDC6H IIC status register 4 [csat* R v v 00H
FFFFFDCAH | IIC flag register 4 [ICF4"" RW | N | O0H
FFFFFDDOH IIC shift register 5 lcs"e N 00H
FFFFFDD2H IIC control register 5 liccs™* v v O0H
FFFFFDD3H Slave address register 5 SVA5"™* v 00H
FFFFFDD4H IIC clock select register 5 liccLs™" v v O0H
FFFFFDD5H IIC function expansion register 5 lICX5"* v v 00H
FFFFFDD6H IIC status register 5 lcss™ R v N 00H
FFFFFDDAH | IIC flag register 5 ncrs™  |RrRwW | v | W 00H
FFFFFFBEH External bus interface mode control register EXIMC v v 00H

Note Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)
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3.4.7 Programmable peripheral I/O registers
The BPC register is used for programmable peripheral I/O register area selection.

(1) Peripheral I/O area select control register (BPC)
The BPC register can be read or written in 16-bit units.
Reset sets this register to 0000H.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  Default value

BPC |PA15| 0 [PA13|PA12|PA11|PA10|PA09|PA08|PA07|PA06|PAO5|PA04|PA03|PAO2|PAO1|PACO| FFFFFO64H 0000H

Bit position Bit name Function
15 PA15 Enables/disables usage of programmable peripheral 1/O area.
PA15 Usage of programmable peripheral I/O area
0 Usage of programmable peripheral I/O area disabled
1 Usage of programmable peripheral I/O area enabled
13t00 PA13 to PAOO | Specify an address in programmable peripheral I/O area (corresponding to A27 to A14,
respectively).

Caution When setting the PA15 bit to 1, be sure to set the BPC register to 8FFBH.
When clearing the PA15 bit to 0, be sure to set the BPC register to 0000H.

For a list of the programmable peripheral I/O register areas, see Table 21-16 Register Access Types.
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3.4.8 Special registers
Special registers are registers that are protected from being written with illegal data due to a program hang-up. The
V850E/SJ3-H and V850E/SK3-H have the following ten special registers.

e Power save control register (PSC)

¢ Clock control register (CKC)

¢ Processor clock control register (PCC)

e SSCG frequency control register 0 (SFCO)
e SSCG frequency control register 1 (SFC1)
¢ Clock monitor mode register (CLM)

¢ Reset source flag register (RESF)

¢ Low-voltage detection register (LVIM)

¢ Internal RAM data status register (RAMS)
¢ On-chip debug mode register (OCDM)

In addition, the PRCDM register is provided to protect against a write access to the special registers so that the

application system does not inadvertently stop due to a program hang-up. A write access to the special registers is
made in a specific sequence, and an illegal store operation is reported to the SYS register.
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(1) Setting data to special registers

Setdatatot

<1>
<2>
<3>

<4>

(<5> to <9>

<10>

[Example]

ST.B
<1>CLR1

he special registers in the following sequence.

Disable DMA operation.

Prepare data to be set to the special register in a general-purpose register.
Write the data prepared in <2> to the PRCMD register.

Write the setting data to the special register (by using the following instructions).
e Store instruction (ST/SST instruction)

¢ Bit manipulation instruction (SET1/CLR1/NOT1 instruction)

Note

Insert NOP instructions (5 instructions).)
Enable DMA operation if necessary.

With PSC register (setting standby mode)
rll, PSMR[r0] ; Set PSMR register (setting IDLE1, IDLE2, and STOP modes).
0, DCHCn[r0] ; Disable DMA operation. n=01t0 3

<2>MOV0x02, rl0

<3>ST.B rl0, PRCMD[r0] ; Write PRCMD register.

<4>ST.B rl0, PSC[r0] ; Set PSC register.

<5>NOP""* ; Dummy instruction

<6>NOP"™ ; Dummy instruction

<7>NoP"* ; Dummy instruction

<8>Nop"* ; Dummy instruction

<9>NOP™™* ; Dummy instruction

<10>SET1 0, DCHCn[r0] ; Enable DMA operation. n=0to 3

(next instruction)

There is no special sequence to read a special register.

Note Five NOP instructions or more must be inserted immediately after setting the IDLE1 mode, IDLE2 mode,
or STOP mode (by setting the PSC.STP bit to 1).

Cautions 1.

When a store instruction is executed to store data in the command register, interrupts are
not acknowledged. This is because it is assumed that steps <3> and <4> above are
performed by successive store instructions. If another instruction is placed between <3>
and <4>, and if an interrupt is acknowledged by that instruction, the above sequence may
not be established, causing malfunction.

Although dummy data is written to the PRCMD register, use the same general-purpose
register used to set the special register (<4> in Example) to write data to the PRCMD
register (<3> in Example). The same applies when a general-purpose register is used for
addressing.

User's Manual U19201EJ3VOUD 125



CHAPTER 3 CPU FUNCTION

(2) Command register (PRCMD)

The PRCMD register is an 8-bit register that protects the registers that may seriously affect the application
system from being written, so that the system does not inadvertently stop due to a program hang-up. The first
write access to a special register is valid after data has been written in advance to the PRCMD register. In this
way, the value of the special register can be rewritten only in a specific sequence, so as to protect the register
from an illegal write access.

The PRCMD register is write-only, in 8-bit units (undefined data is read when this register is read).

Reset makes this register undefined.

After reset: Undefined w Address: FFFFF1FCH

7 6 5 4 3 2 1 0
PRCMD | REG7 | REGe | REGs | REG4 | REGs | REG2 | REG1 | REGO |
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(3) System status register (SYS)
Status flags that indicate the operation status of the overall system are allocated to this register.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF802H

3 2 1 <0>
sys | o | o | o | o | o | o | o |[PrERR|
PRERR Detects protection error
0 Protection error did not occur
1 Protection error occurred

The PRERR flag operates under the following conditions.

(a) Set condition (PRERR flag = 1)
(i) When data is written to a special register without writing anything to the PRCMD register (when <4> is
executed without executing <3> in 3.4.8 (1) Setting data to special registers)
(i) When data is written to an on-chip peripheral 1/O register other than a special register (including
execution of a bit manipulation instruction) after writing data to the PRCMD register (if <4> in 3.4.8 (1)
Setting data to special registers is not the setting of a special register)

Remark Even if an on-chip peripheral 1/O register is read (except by a bit manipulation instruction)
between an operation to write the PRCMD register and an operation to write a special register,
the PRERR flag is not set, and the set data can be written to the special register.

(b) Clear condition (PRERR flag = 0)
(i) When 0 is written to the PRERR flag
(i) When the system is reset

Cautions 1. If 0 is written to the PRERR bit of the SYS register, which is not a special register,
immediately after a write access to the PRCMD register, the PRERR bit is cleared to 0
(the write access takes precedence).
2. If data is written to the PRCMD register, which is not a special register, immediately
after a write access to the PRCMD register, the PRERR bit is set to 1.
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3.4.9 Cautions

(1) Registers to be set first

128

Be sure to set the following registers first when using the V850E/SJ3-H and V850E/SK3-H.

e System wait control register (VSWC)

¢ On-chip debug mode register (OCDM)

e Watchdog timer mode register 2 (WDTM2)

* Registers related to expanded internal RAM
¢ Bus size configuration register (BSC)
e Data wait control register 1 (DWCH1)
¢ Address wait control register (AWC)
¢ Bus cycle control register (BCC)

e Program ID register (ASID)

e Initialization setting registers when using clock modes 2, 3, and 4
¢ Clock control register (CKC)
e SSCG frequency control register 0 (SFCO0)
e SSCG frequency control register 1 (SFC1)

After setting the above registers, set the other registers as necessary.
When using the external bus, set each pin to the alternate-function bus control pin mode by using the port-
related registers after setting the above registers.

(a) System wait control register (VSWC)
The VSWC register controls wait of bus access to the on-chip peripheral I/O registers.
Three clocks are required to access an on-chip peripheral 1/0O register (without a wait cycle). The
V850E/SJ3-H and V850E/SK3-H require wait cycles according to the operating frequency. Set the
following value to the VSWC register in accordance with the frequency used.
The VSWC register can be read or written in 8-bit units (address: FFFFFO6EH, default value: 77H).

Operating Frequency (fcik) Set Value of VSWC Number of Waits
32 kHz < feik < 16.6 MHz O00H 0 (no waits)
16.6 MHz < fcik < 25 MHz 01H 1
25 MHz < fok < 33.3 MHz 11H 2
33.3 MHz < feik < 48 MHz 12H 3

(b) On-chip debug mode register (OCDM)
For details, see CHAPTER 34 ON-CHIP DEBUG FUNCTION.

(c) Watchdog timer mode register 2 (WDTM2)
The WDTM2 register sets the overflow time and the operation clock of the watchdog timer 2.
The watchdog timer 2 automatically starts in the reset mode after reset is released. Write the WDTM2
register to activate this operation.
For details, refer to CHAPTER 11 FUNCTIONS OF WATCHDOG TIMER 2.
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)

(d) Registers related to expanded internal RAM
The expanded internal RAM is accessed via the external bus interface. Before accessing the expanded
internal RAM, be sure to set the registers related to the external bus interface (initial settings for the
expanded internal RAM).
For details, refer to 3.4.4 (6) Expanded internal RAM.

(e) Program ID register (ASID)
For details, refer to 3.2.2 (8) Program ID register (ASID).

(f) Initialization setting register when using clock modes 2, 3, and 4
For details, refer to 6.4.4 (1) Initialization setting for using clock modes 2, 3, and 4.

Accessing specific on-chip peripheral I/O registers

This product has two types of internal system buses.

One is a CPU bus and the other is a peripheral bus that interfaces with low-speed peripheral hardware.

The clock of the CPU bus and the clock of the peripheral bus are asynchronous. If an access to the CPU and
an access to the peripheral hardware conflict, therefore, unexpected illegal data may be transferred. If there is
a possibility of a conflict, the number of cycles for accessing the CPU changes when the peripheral hardware is
accessed, so that correct data is transferred. As a result, the CPU does not start processing of the next
instruction but enters the wait state. If this wait state occurs, the number of clocks required to execute an
instruction increases by the number of wait clocks shown below.

This must be taken into consideration if real-time processing is required.

When specific on-chip peripheral 1/0O registers are accessed, more wait states may be required in addition to
the wait states set by the VSWC register.

The access conditions and how to calculate the number of wait states to be inserted (number of CPU clocks)
at this time are shown below.

User's Manual U19201EJ3VOUD 129



<R>
<R>

<R>

<R>

CHAPTER 3 CPU FUNCTION

licss™*

(1/2)
Peripheral Function Register Name Access k
16-bit timer/event counter P (TMP) TPNCNT Read 1or2
(n=0t08) TPnCCRO, TPnCCRH1 Write « 1st access: No wait
e Continuous write: 0 to 3
Read 1or2
16-bit timer/event counter Q (TMQ) | TQOCNT Read 1or2
TQOCCRO to TQOCCR3 Write e 1st access: No wait
e Continuous write: 0 to 3
Read 1or2
3-wire variable-length serial /0O E CEnCTLO™™ Write 1to5
Note
(CSIE) CENTX0™* Write Oto4
(n=0,1) "
CENnSTR™ Read 1to5
Asynchronous serial interface B UBnTX Write Oto4
(UARTB) UBNRX Read 1t05
(n=0,1) UBNRXAP
UBNFISO
UBnFISA
Watchdog timer 2 (WDT2) WDTM2 Write 3
(when WDT?2 operating)
Real-time output function (RTO) RTBLO, RTBLA1 Write 1
(RTPCn.RTPOERN bit = 0)
RTBHO, RTBH1 Write 1
(RTPCn.RTPOERN bit = 0)
A/D converter ADAOMO Read 1t03
ADAOCRO to ADAOCR15 Read 1t03
ADAOCROH to ADAOCR15H | Read 1t03
I?C00 to I°C03, I°C04""*, I'C05"" IICSO0 to 1ICS3, 11ICS4™", Read 1

<R> Note Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)
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(2/2)
Peripheral Function Register Name Access K
CAN controller™® CnGMABT"™*". Read/write (fepuffoanmon + 1)/(2 + j) (MIN.)"***
(n=0,1,m=0to031, a=1 CnGMABTD"*", (2 x fopu/feanmon + 1)/(2 + j) (MAX.)"***?
to 4) CnMASKaL""*", CnMASKaH""",
CnLECND(E‘,
CnINFO™™",
CnERCNO!e1’
CnIEN0|e1’
CnINTS"™ ™",
CnBRPN0|e1’
CnBTRN0|e1’
CnTSNole1
CnGMCTRL""", Read/write (feruffcan + 1)/(2 + j) (MIN.)Y*?
CnGMCS™* ", (2 x feruffcan + 1)/(2 + j) (MAX.)V?
CnCTRL"™™’
CnRGPT™* ", Write (fepuffcanmon + 1)/(2 + j) (MIN.)**°?
CnTGPT™*" (2 x fopu/fcanmon + 1)/(2 + j) (MAX.)""*?
Read (8 x fepuffeanmon + 1)/(2 + j) (MIN.)Y"*?
(4 x fepuffeanmonp + 1)/(2 + j) (MAX.)"**?
CnLIPT"™*", Read (8 x fepu/fcanmop + 1)/(2 + j) (MIN.)N°M
CnLOPT"®" (4 x fepuffeanmon + 1)/(2 + j) (MAX.)"?
CnMCTRLM™*" Write (4 x fepuffean + 1)/(2 + j) (MIN.)"*°?
(5 x fepuffean + 1)/(2 + j) (MAX.)""°2
Read (8 x feruffean + 1)/(2 + j) (MIN.)**?

)
(4 x feruffean + 1)/(2 + j) (MAX.)"?

CnMDATA0OTm""", CnMDATAOM" ",
CnMDATAT1mM"*', CnMDATA23m""* ",
CnMDATA2m""*', CnMDATA3m"*",
CnMDATA45m"* ", CnMDATA4m"*",
CnMDATA5mM"*", CnMDATA67m"*",
CnMDATA6mM"*"', CnMDATA7m""",
CnMDLCm"*’,

CnMCONFm"™",

CnMIDLm"*",

CnMIDHm""*"

Write (8 bits)

(4 x fepuffcanmon + 1)/(2 + j) (MIN.)"*°?
(5 x fepulfcanmon + 1)/(2 + j) (MAX.)"*°?

Write (16 bits)

(2 x fepu/fcanmon + 1)/(2 + j) (MIN.)*
(8 x fepu/fcanmon + 1)/(2 + j) (MAX.)Y*

Read (8/16 bits)

(8 x fepu/feanmon + 1)/(2 + j) (MIN.)"*
(4 x fopu/feanmop + 1)/(2 + j) (MAX.)""*?

CRC

CRCD

Write

Number of clocks necessary for access =3 +i+j+ (2 +]) xk

Notes 1.

CAN controller version only

2. Digits below the decimal point are rounded up.

Caution

Accessing the above registers is prohibited in the following statuses.

generated, it can only be cleared by a reset.
o When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

Remark fcpu:

CPU clock frequency

fcanmon: CAN module system clock

fcan:
i
j:

Clock supplied to CAN

Values (0 or 1) of higher 4 bits of VSWC register
Values (0 or 1) of lower 4 bits of VSWC register
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(3) Restriction on conflict between sld instruction and interrupt request

132

(@)

(b)

Description

If a conflict occurs between the decode operation of an instruction in <2> immediately before the sld

instruction following an instruction in <1> and an interrupt request before the instruction in <1> is

complete, the execution result of the instruction in <1> may not be stored in a register.

Instruction <1>
e Id instruction: Id.b, Id.h, Id.w, Id.bu, Id.hu
e sld instruction: sld.b, sld.h, sld.w, sld.bu, sld.hu
e Multiplication instruction: mul, mulh, mulhi, mulu

Instruction <2>

mov regl, reg2 not regi, reg2 satsubr reg1, reg2

satadd regt, reg2 satadd immb5, reg2 or regl, reg2

and regl, reg2 tst regi, reg2 subr regi, reg2

add regl, reg2 add immb5, reg2 cmp regl, reg2

mulh regi, reg2 shr immb5, reg2 sar immb5, reg2
<Example>

satsub reg1, reg2
xor reg1, reg2
sub reg1, reg2
cmp immb, reg2
shl imm5, reg2

<i> Idw [r11],r10 If the decode operation of the mov instruction <ii> immediately before the sld
° instruction <iii> and an interrupt request conflict before execution of the Id

. instruction <i> is complete, the execution result of instruction <i> may not be

stored in a register.
<ii> mov r10, r28
<iii> sld.w 0x28, r10

Countermeasure

<1> When compiler (CA850) is used

Use CA850 Ver. 2.61 or later because generation of the corresponding instruction sequence can be

automatically suppressed.
<2> Countermeasure by assembler

When executing the sld instruction immediately after instruction <ii>, avoid the above operation using

either of the following methods.

¢ Insert a nop instruction immediately before the sld instruction.

¢ Do not use the same register as the sld instruction destination register in the above instruction <ii>

executed immediately before the sld instruction.
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4.1 Features

4.1.1 V850E/SJ3-H
O I/O ports: 128
e 5V tolerant/N-ch open-drain output switchable: 60 (ports 0, 3to0 6, 8, 9)
O Input/output specifiable in 1-bit units

41.2 VB850E/SK3-H
O 1/0 ports: 156
e 5V tolerant/N-ch open-drain output switchable: 78 (ports 0, 2 to 6, 8, 9, 15)
O Input/output specifiable in 1-bit units
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4.2 Basic Port Configuration
4.21 VB850E/SJ3-H
The V850E/SJ3-H features a total of 128 I/O ports consisting of ports 0, 1, 3 to 9, CD, CM, CS, CT, DH, and DL.

The port configuration is shown below.

Figure 4-1. Port Configuration Diagram

~—{ Poo PCDO [«~—~
Por‘to{ ! : Port CD
-1 P06 PCD3 f=—~
{<—— P10 PCMQ [«—
Port 1 '
o - P11 ! Port CM
PCM5 f+—=
~——=| P30 PCSO [=——=
PoﬂS{ ! ! Port CS
-1 P39 PCS7 |[=~—~
-~ P40 PCTO [=~——~
Port4{ ' ' Port CT
-~ P42 PCT7 |[~——
~—{ P50 PDHO [~—~
Port 5{ ' ' } Port DH
-— | P55 PDH7 f=——~
~——— P60 PDLO f«~——=
Port 6 1 ! } Port DL
- P615 PDL15 |=—~

-~ P715

~—— 1 P80
Port 8 {

-~ P8t

~— = P90
Port 9 1

-~ P915

I E—— P70
Port 7 !

Caution Ports 0,3 to 6,8, and 9 are 5V tolerant.

Table 4-1. 1/0 Buffer Power Supplies for Pins

Power Supply Corresponding Pins
AVRero Port 7
AVREeF1 Port 1
BVoo Ports CD, CM, CS, CT, DH, DL
EVoo ‘RESET, ports 0,310 6, 8, 9
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4.2.2 V850E/SK3-H

Figure 4-2. Port Configuration Diagram

The V850E/SK3-H features a total of 156 1/0 ports consisting of ports 0 to 9, 13 to 15, CD, CM, CS, CT, DH, and
DL.
The port configuration is shown below.

~— = P00 P130 [+——

Port 0 { ! : Port 13
-— 1 P06 P133 f+—
- P10 P140 f=—

Port 1 1
-~ P11 , Port 14

. 2{ P20 P145 [+——

ort -

P21 P150 :
h Port 15
P153 f+——
~— = P30 PCDO [+——

Port 3 i 1 Port CD
-— 1 P312 PCD3 [=—
-— 1 P40 PCMO [+——

Port 4 { : : Port CM
- =l P45 PCM5 [+«—
~— P50 PCSO [+—

Port 5 { ' : } Port CS
- P57 PCS7 [«=———
~— | P60 PCTO [=— =

Port 6 ' | Port CT
-~ P615 PCT7 f=—
~— | P70 PDHO [+——

Port 7 : : } Port DH
~— P715 PDH7 [~——
-— | P80 PDLO [+——

Port 8 i ! } Port DL
- P85 PDL15 f[=——
- P90

Port 9 :

- P915

Caution Ports 0,21t06, 8,9, and 15 are 5 V tolerant.

Table 4-2. 1/0 Buffer Power Supplies for Pins

Power Supply Corresponding Pins
AVRrero Port 7
AVREF1 Port 1
BVoo Ports 13, 14, CD, CM, CS, CT, DH, DL
EVoo RESET, ports 0,210 6, 8, 9, 15
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4.3 Port Configuration

Table 4-3. Port Configuration (V850E/SJ3-H)

Item Configuration

Control register Port n mode register (PMn:n =0, 1, 3to0 9, CD, CM, CS, CT, DH, DL)

Port n mode control register (PMCn: n =0, 3 to 6, 8, 9, CD, CM, CS, CT, DH, DL)
Port n function control register (PFCn: n =0, 3to 6, 8, 9, CD)

Port n function control expansion register (PFCEn: n = 0", 3, 5, 6, 8, 9)

Port n function register (PFn: n =0, 3 to 6, 8, 9)

Ports 1/10: 128

Note The PFCEDO register is not included in the 4PD70F3931, 70F3932, and 70F3933.

Table 4-4. Port Configuration (V850E/SK3-H)

Item Configuration

Control register Port n mode register (PMn: n=0to0 9, 13 to 15, CD, CM, CS, CT, DH, DL)

Port n mode control register (PMCn: n=0, 210 6, 8, 9, 15, CD, CM, CS, CT, DH, DL)
Port n function control register (PFCn: n=0, 3t0 6, 8, 9, CD)

Port n function control expansion register (PFCEn: n=0, 3, 5, 6, 8, 9)

Port n function register (PFn: n=0,21t0 6, 8, 9, 15)

Ports 1/0: 156

(1) Port n register (Pn)
Data is input from or output to an external device by writing or reading the Pn register.
The Pn register consists of a port latch that holds output data, and a circuit that reads the status of pins.
Each bit of the Pn register corresponds to one pin of port n, and can be read or written in 1-bit units.

After reset: 00H (output latch) R/W

7 6 5 7 3 2 1 0
Pn | Pz | Pn6 | Pns | Pna | Pn3 | P2 | Pt | Pno |
Pnm Control of output data (in output mode)

0 Outputs 0.
1 Outputs 1.

Data is written to or read from the Pn register as follows, regardless of the setting of the PMCn register.

Table 4-5. Writing/Reading Pn Register

Setting of PMn Register Writing to Pn Register Reading from Pn Register
Output mode Data is written to the output latch"*. The value of the output latch is read.
(PMnm = 0) In the port mode (PMCn = 0), the contents of the output
latch are output from the pins.
Input mode Data is written to the output latch. The pin status is read.
(PMnm = 1) The pin status is not affected"*".

Note The value written to the output latch is retained until a new value is written to the output latch.
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(2) Port n mode register (PMn)
The PMn register specifies the input or output mode of the corresponding port pin.
Each bit of this register corresponds to one pin of port n, and the input or output mode can be specified in 1-bit

units.

After reset: FFH R/W

7

6 5 4 3 2 1 0

PMn [ PMn7 |

PMn6 | PMn5 | PMn4 | PMn3 | PMn2 | PMnt | PMno |

PMnm

Control of input/output mode

0

Output mode

1

Input mode

(3) Port n mode control register (PMCn)
The PMCn register specifies the port mode or alternate function.
Each bit of this register corresponds to one pin of port n, and the mode of the port can be specified in 1-bit

units.

After reset: 00H R/W

7

6 5 4 3 2 1 0

PMCn | Pmcn7

| PMCn6 | PMCn5 | PMCn4 | PMCn3 | PMCn2 | PMCnt | PMCno |

PMCnm

Specification of operation mode

0

Port mode

1

Alternate function mode
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(4) Port n function control register (PFCn)
The PFCn register specifies the alternate function of a port pin to be used if the pin has two alternate functions.
Each bit of this register corresponds to one pin of port n, and the alternate function of a port pin can be
specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 i 0
PFCn | PFCn7 | PFCn6 | PFCns | PFCnd | PFCn3 | PFCn2 | PFCnt | PFCno |

PFCnm Specification of alternate function
0 Alternate function 1
1 Alternate function 2

(5) Port n function control expansion register (PFCEn)
The PFCEn register specifies the alternate function of a port pin to be used if the pin has three or more
alternate functions.
Each bit of this register corresponds to one pin of port n, and the alternate function of a port pin can be
specified in 1-bit units.

After reset: 0OH R/W

7 6 5 4 3 2 ! 0
PFCEN | PFCEn7 | PFCEn6 | PFCEns | PFCEn4 | PFCEN3 | PFCEn2 | PFCEN1 | PFCENO |

7 6 5 4 3 2 ! 0
PFCn | PFCn7 | PFCn6 | PFCns | PFCna | PFena | PFen2 | PFent | PFCno |

PFCEnm| PFCnm Specification of alternate function
0 0 Alternate function 1
0 1 Alternate function 2
1 0 Alternate function 3
1 1 Alternate function 4
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(6) Port n function register (PFn)
The PFn register specifies normal output or N-ch open-drain output.

Each bit of this register corresponds to one pin of port n, and the output mode of the port pin can be specified

in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 i 0
PFn | PFn7 | PFn6 | PFns | PFn4 | PFn3 | PFn2 | PFn1 | PFno |

PFnm\ete Control of normal output/N-ch open-drain output

0 Normal output (CMOS output)

1 N-ch open-drain output

Note The PFnm bit of the PFn register is valid only when the PMnm bit of the PMn register is 0 (when the
output mode is specified) in port mode (PMCnm bit = 0). When the PMnm bit is 1 (when the input mode
is specified), the set value of the PFn register is invalid.
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(7) Port setting
Set a port as illustrated below.

Figure 4-3. Setting of Each Register and Pin Function

Port mode
Output mode “0”
PMn register
Input mode “”

Alternate function
(when two alternate

functions are available) “q

Alternate function 1 “0”

PFCn register

PMCn register

Alternate function 2 “q”

Alternate function
(when three or more alternate o
functions are available)

Alternate function 1 (a)
Alternate function 2 —|_(b) PFCn register
©) PFCEnm | PFCnm
Alternate function 3 | PFCERN register (a) 0 0
(d) (b) 0 1
(c) 1 0
Alternate function 4 (d) 1 1

\ J

Remark Set the alternate functions in the following sequence.

<1> Set the PFCn and PFCEn registers.
<2> Set the PFCn register.
<3> Set the INTRn or INTFn register (to specify an external interrupt pin).

If the PMCn register is set first, an unintended function may be set while the PFCn and PFCEn
registers are being set.
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431 Port0
Port 0 is a 7-bit port for which 1/O settings can be controlled in 1-bit units.
Port 0 includes the following alternate-function pins.

Table 4-6. Port 0 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM

<R> P00 6 6 | TIP61/TOP61/SDA04""" I/0 Selectable as N-ch open-drain output Note 3
<R> PO1 7 7 | TIP60/TOP60/SCLO4"™"" 1/0 Note 3

P02 17 19 | NMI Input L-1

P03 18 20 | INTPO/ADTRG Input N-1

P04 19 21 INTP1 Input L-1

P05 20 22 | INTP2/DRST""? Input AA-1

P06 21 23 | INTP3 Input L-1
<R> Notes 1. The SDA04 and SCLO4 pins are not included in the uxPD70F3931 (V850E/SJ3-H), 70F3932

(V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).
2. The DRST pin is for on-chip debugging.
If on-chip debugging is not used, fix the PO5/INTP2/DRST pin to low level between when the reset signal
of the RESET pin is released and when the OCDM.OCDMO bit is cleared (0).
For details, see 4.6.3 Cautions on on-chip debug pins.
<R> 3. Product other than 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H),
and 70F3933 (V850E/SJ3-H): U-16
uPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H): U-4

Caution The P00 to P06 pins have hysteresis characteristics in the input mode of the alternate function,
but do not have hysteresis characteristics in the port mode.

Remark SJ3-H: VB50E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

(1) Port 0 register (P0)

After reset: 00H (output latch) R/W Address: FFFFF400H

7 6 5 4 3 2 1 0
Po | o | Pos | Pos | Po4 | Po3 | Po2 | Pot | Poo |
POn Output data control (in output mode) (n = 0 to 6)
0 Outputs 0.
1 Outputs 1.
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(2) Port 0 mode register (PMO0)

After reset: FFH R/W Address: FFFFF420H
7 6 5 4 3 2 1 0
PMO | 1 | Pmos | Pmos | Pmos | Pmo3 | Pmoz | PMo1 | PMoo |
PMOnN I/0 mode control (n = 0 to 6)

0 Output mode

1 Input mode

(3) Port 0 mode control register (PMCO0)

After reset: 00H R/W Address: FFFFF440H
7 6 5 4 3 2 1 0
PMco | o | PMCos | PMCO5 | PMCo4 | PMCO3 | PMCO2 | PMCO1 | PMCOO |

PMCO06 Specification of P06 pin operation mode
0 1/0 port
1 INTP3 input

PMCO05 Specification of P05 pin operation mode
0 1/0O port
1 INTP2 input

PMCO04 Specification of P04 pin operation mode
0 1/0 port
1 INTP1 input

PMCO03 Specification of P03 pin operation mode
0 1/0 port
1 INTPO input/ADTRG input

PMCO02 Specification of PO2 pin operation mode
0 1/0 port
1 NMI input

PMCO1 Specification of PO1 pin operation mode
0 1/0 port
1 TIP60 input/TOP60 output/SCLO4N* 1/0

PMCO00 Specification of POO pin operation mode
0 1/0 port
1 TIP61 input/TOP61 output/SDAQ4Nt |/O

Note The SCL04 and SDA04 pins are not included in the #PD70F3931 (V850E/SJ3-H), 70F3932
(V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).
Caution The PO5/INTP2/DRST pin becomes the DRST pin regardless of the value of the PMC05
bit when the OCDM.OCDMO bit = 1.
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(4) Port 0 function control register (PFCO0)

After reset: 00H R/W  Address: FFFFF460H
4 3 2 1 0
PFco [ o | o | o | o |Prcosa| o | PFcot | PFCOO |

Remark For details of alternate function specification, see 4.3.1 (6) Port 0 alternate function
specifications.

<R> (5) Port 0 function control expansion register (PFCEQ) (Not included in the 4PD70F3931 (V850E/SJ3-H),
70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).)
After reset: 00H R/W Address: FFFFF700H
6 5 4 3 2 1 0
Prceo [ o | o | o | o | o | o |prcEotr|PFcEo |
Remark For details of alternate function specification, see 4.3.1 (6) Port 0 alternate function
specifications.
(6) Port 0 alternate function specifications.
PFCO03 Specification of P03 pin alternate function
0 INTPO input
1 ADTRG input
PFCEO1 PFCO1 Specification of P01 pin alternate function
0 0 TIP60 input
0 1 TOP60 output
<R> 1 0 SCL04™" I/0
1 1 Setting prohibited
PFCEOO PFCO00 Specification of P00 pin alternate function
0 0 TIP61 input
0 1 TOP61 output
<R> 1 0 SCL04™ 1/0
1 1 Setting prohibited
<R> Note The SCL04 and SDA04 pins are not included in the 4#PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H),

and 70F3933 (VB50E/SJ3-H).
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(7) Port 0 function register (PF0)

After reset: 00H R/W Address: FFFFFC60H

7 6 5 4 3 2 1 0
PFO | o | PFos | PFos | PFo4 | PFo3 | PFo2 | PFo1 | PFoo |
PFOn Control of normal output or N-ch open-drain output (n = 0 to 6)

0 Normal output (CMOS output)

1 N-ch open drain output

Caution To pull up an output pin at EVoo or higher, be sure to set the appropriate PFOn bit to 1.
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43.2 Port1

Port 1 is a 2-bit port for which 1/O settings can be controlled in 1-bit units.
Port 1 includes the following alternate-function pins.

Table 4-7. Port 1 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
P10 3 3 | ANOO Output - A-2
P11 4 4 | ANO1 Output - A-2
Remark SJ3-H:V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SKS3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
(1) Port 1 register (P1)
After reset: 00H (output latch) R/W Address: FFFFF402H
4 3 1 0
Pt | o | o | o | o | o | o | P11t | P |
P1in Output data control (in output mode) (n =0, 1)
0 Outputs 0
1 Outputs 1

Caution Do not read/write the P1 register during D/A conversion (see 15.4.3 Cautions).

(2) Port 1 mode register (PM1)

After reset: FFH R/W  Address: FFFFF422H

7 6 5 4 3 2 1 0
mt [ 1 1 ] 1 | 1 [ 1 ] 1 | pwit | pwmio |
PM1n I/0 mode control (n =0, 1)

0 Output mode

1 Input mode

Cautions 1. When using P1n as alternate functions (ANOn pin output), set the PM1n bit to 1.

2. When using one of the PM10 and PM11 pins as an I/O port and the other as a D/A

output pin, do so in an application where the port I/O level does not change during
D/A output.
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4.3.3 Port 2 (V850E/SK3-H only)
Port 2 is a 2-bit port for which 1/O settings can be controlled in 1-bit units.
Port 2 includes the following alternate-function pins.

Table 4-8. Port 2 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 1/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
P20 - 8 | SDA04 110 N-ch open-drain output selectable E-3
P21 - 9 | SCL04 /0 E-3

Caution The P20 and P21 pins have hysteresis characteristics in the input mode of the alternate-function
pin, but do not have the hysteresis characteristics in the port mode.

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

(1) Port 2 register (P2)

After reset: 00H (output latch) R/W Address: FFFFF404H

6 4 3 2 1 0
2| o | o | o | o | o | o | P | P |
P2n Output data control (in output mode) (n =0, 1)

0 Outputs 0.

1 Outputs 1.

(2) Port 2 mode register (PM2)

After reset: FFH R/W  Address: FFFFF424H

7 6 5 4 3 2 ! 0
e [ 1 | 1 | 1 | 1 [ 1 | 1 | Pvet | Pm2o |
PM2n I/0 mode control (n =0, 1)

0 Output mode

1 Input mode
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(3) Port 2 mode control register (PMC2)

After reset: O0H R/W Address: FFFFF444H

4 3 2 1 0
mcz | o | o | o | o | o | o [Pwcat]|Pmczo |

PMC21 Specification of P21 pin operation mode

0 1/O port

1 SCLO04 I/0
PMC20 Specification of P20 pin operation mode

0 1/O port

1 SDAO04 I/0

(4) Port 2 function register (PF2)

After reset: 00H R/W Address: FFFFFC64H

6 5 4 3 2 1 0
P2 | o | o | o [ o | o | o | prt | prao |
PF2n Control of normal output or N-ch open-drain output (n =0, 1)

0 Normal output (CMOS output)

1 N-ch open-drain output

Caution To pull up an output pin at EVop or higher, be sure to set the appropriate PF2n bit to 1.
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434 Port3
Port 3 is a 10-bit (V850E/SJ3-H) or 13-bit (V850E/SK3-H) port for which I/O settings can be controlled in 1-bit units.
Port 3 includes the following alternate-function pins.

Table 4-9. Port 3 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 1/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
P30 25 30 | TXDAO/SOB4 Output | Selectable as N-ch open-drain output G-2
P31 26 31 | RXDAO/INTP7/SIB4 Input N-3
P32 27 32 | ASCKAO0/SCKB4/TIP0O0/TOP0O0O 1/0 U-1
P33 28 33 | TIPO1/TOPO1/CTXD1""* 110 u-2
P34 29 | 34 |TIP10/TOP10/CRXD1""* 1/0 U-3
P35 30 35 | TIP11/TOP11 110 uU-4
P36 31 36 | CTXDO"™"%IETX0 Output G-2
P37 32 37 | CRXDO"™" ¥IERX0 Input G-3
P38 35 40 | TXDA2/SDA00/SIB2 110 u-17
P39 36 41 | RXDA2/SCL00/SCKB2 1/0 U-18
P310™"! - 42 | soB2"™*’ Output U-19
P311"%*! - 43 | TXDA2™"! Output E-2
pP312"! - 44 | RXDA2"™"' Input E-1

Notes 1. V850E/SK3-H only
2. CAN controller (2-channel) version only
3. CAN controller version only

Caution The P31 to P35, P37 to P39, and P312 pins have hysteresis characteristics in the input mode of
the alternate-function pin, but do not have the hysteresis characteristics in the port mode.

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB50E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(1) Port 3 register (P3)

After reset: 0000H (output latch) R/W Address: P3 FFFFF406H,
P3L FFFFF406H, P3H FFFFF407H

15 14 13 12 11 10 9 8
P3(P3H) | o | o | o |pat2ve|pativee|patove| P39 | Pss |
7 6 5 4 3 2 1 0
Pal) | Pa7 | Pss | Pas | Pa4 | Pas | Pa2 | P31 | P30 |
P3n Output data control (in output mode)
0 Qutputs 0.
1 Outputs 1.

Note Valid for the V850E/SKS3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H. However, the read value becomes undefined.

Caution Be sure to clear bits 13 to 15 to “0”.

Remarks 1. The P3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the P3 register as the P3H register and the
lower 8 bits as the P3L register, P3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the P3 register in 8-bit or 1-bit units, specify them as bits 0 to
7 of the P3H register.
3. V850E/SJ3-H:n=01t09
V850E/SK3-H: n=010 12
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(2) Port 3 mode register (PM3)

After reset: FFFFH R/W Address: PM3 FFFFF426H,
PM3L FFFFF426H, PM3H FFFFF427H
15 14 13 12 11 10 9 8

PM3(PM3H) | 1 | 1 [ 1 |pmataNee

PM311Netepi31 olete

PM39 | PM38 |
7 6 5 4 3 2 1 0
(PM3L) | PMm37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 |

PM3n I/O mode control

0 Output mode

1 Input mode

Note Valid for the VB50E/SK3-H only.
Be sure to set this bit to 1 in the V850E/SJ3-H.

Caution Be sure to set bits 13 to 15 to “1”.

Remarks 1. The PM3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PM3 register as the PM3H register and the
lower 8 bits as the PM3L register, PM3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PMS3 register in 8-bit or 1-bit units, specify them as bits 0
to 7 of the PM3H register.
3. V850E/SJ3-H:n=0109
VB850E/SK3-H: n=01to 12
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(3) Port 3 mode control register (PMC3)

(1/2)
After reset: 0000H R/W Address: PMC3 FFFFF446H,
PMC3L FFFFF446H, PMC3H FFFFF447H
15 14 13 12 11 10 9 8
PMC3(PMC3H) [ o | o | o |pumcatepucsitretpucatom | Pmcae | Pumcas |
7 6 5 4 3 2 1 0
(PMC3L) | PMC37 | PMC36 | PMC35 | PMC34 | PMC33 | PMC32 | PMC31 | PMC30 |
PMC312Nete Specification of P312 pin operation mode
0 1/0 port
1 RXDA2Nete 2 input
PMC311Nete Specification of P311 pin operation mode
0 1/0 port
1 TXDA2Nete 2 gytput
PMC31QNete! Specification of P310 pin operation mode
0 1/O port
1 SOB2N°* 2 gutput
PMC39 Specification of P39 pin operation mode
0 1/0 port
1 RXDAZ2 input/SCLO00 I/0/SCKB2 I/0
PMC38 Specification of P38 pin operation mode
0 1/0 port
1 TXDA2 output/SDA0O I/O/SIB2 input
PMC37 Specification of P37 pin operation mode
0 I/O port
1 CRXDOe'® 3 input/IERXO input
PMC36 Specification of P36 pin operation mode
0 I/O port
1 CTXDONe* 3 output/IETXO0 output
PMC35 Specification of P35 pin operation mode
0 I/O port
1 TIP11 input/TOP11 output
Notes 1. Valid for the V850E/SK3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H.
2. V850E/SK3-H only
3. CAN controller version only
Caution Be sure to clear bits 13 to 15 to “0”.
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@/2)

PMC34 Specification of P34 pin operation mode
0 I/O port
1 TIP10 input/TOP10 output/CRXD1N°* input

PMC33 Specification of P33 pin operation mode
0 1/O port
1 TIPO1 input/TOPO1 output/CTXD1N° output

PMC32 Specification of P32 pin operation mode
0 I/O port
1 ASCKAO input/SCKB4 I/O/TIP0O0 input/TOPOO output

PMC31 Specification of P31 pin operation mode
0 1/O port
1 RXDAO input/INTP7 input/SIB4 input

PMC30 Specification of P30 pin operation mode
0 I/O port
1 TXDAO output/SOB4 output

Note CAN controller (2-channel) version only

Remarks 1. The PMC3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMC3 register as the PMC3H register and
the lower 8 bits as the PMCS3L register, PMC3 can be read or written in 8-bit or 1-bit
units.
2. To read/write bits 8 to 15 of the PMCS register in 8-bit or 1-bit units, specify them as bits
0 to 7 of the PMC3H register.
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(4) Port 3 function control register (PFC3)

After reset: 0000H R/W Address: PFC3 FFFFF466H,
PFC3L FFFFF466H, PFC3L FFFFF467H

15 14 13 12 11 10 9 8
PFC3(PFC3H) | o | o | o | o | o |preatome| PFcag | PFCas |

7 6 5 4 3 2 1 0
(PFcaL) | PFca7 | PFcas | PFeas | PFca4 | PFcas | PFcaz | PFeat | pFCao |

Note Valid for the V850E/SK3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H.

Caution Be sure to clear bits 11 to 15 to “0”.

Remarks 1. For details of alternate function specification, see 4.3.4 (6) Port 3 alternate function

specifications.

2. The PFC3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFCS3 register as the PFC3H register and
the lower 8 bits as the PFC3L register, PFC3 can be read or written in 8-bit and 1-bit
units.

3. To read/write bits 8 to 15 of the PFC3 register in 8-bit or 1-bit units, specify them as bits 0
to 7 of the PFC3H register.

(5) Port 3 function control expansion register (PFCE3)

After reset: 0000H R/W Address: PFCE3 FFFFF706H,
PFCE3L FFFFF706H, PFCE3H FFFFF707H

15 14 13 12 11 10 9 8

PFCE3(PFCE3H) | o | o | o | o | o |preesio| PFCEs9 | PFCESs |
6 5 4 3 2 ! 0

Preeay | o | o | o |PrcEss|PFcEss|PFCE32| o | o |

Note Valid for the V850E/SKS3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H.

Caution Be sure to clear bits 0,1, 5to 7, and 11 to 15 to “0”.

Remark For details of alternate function specification, see 4.3.4 (6) Port 3 alternate function
specifications.
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(6) Port 3 alternate function specifications

154

PFCE310 PFC310 Specification of P310 pin alternate function
1 0 SOB2"Y"" output
Other than above Setting prohibited
PFCE39 PFC39 Specification of P39 pin alternate function
0 0 RXDA2 input
0 1 SCLO0O0 I/0
1 0 SCKB2 I/0
1 1 Setting prohibited
PFCE38 PFC38 Specification of P38 pin alternate function
0 0 TXDA2 output
0 1 SDAO0O0 I/0
1 0 SIB2 input
1 1 Setting prohibited
PFC37 Specification of P37 pin alternate function
0 CRXD0""*? input
1 IERXO input
PFC36 Specification of P36 pin alternate function
0 CTXDO0""** output
1 IETXO output
PFC35 Specification of P35 pin alternate function
0 TIP11 input

TOP11 output

Notes 1. V850E/SK3-H only
2. CAN controller version only
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PFCE34 PFC34 Specification of P34 pin alternate function
0 0 TIP10 input
0 1 TOP10 output
1 0 CRXD1""*" input
1 1 Setting prohibited
PFCE33 PFC33 Specification of P33 pin alternate function
0 0 TIPO1 input
0 1 TOPO1 output
1 0 CTXD1""" output
1 1 Setting prohibited
PFCE32 PFC32 Specification of P32 pin alternate function
0 0 ASCKAO input
0 1 SCKB4 I/0
1 0 TIPOO input
1 1 TOPOO output
PFC31 Specification of P31 pin alternate function
0 RXDAO input/INTP7"*? input
1 SIB4 input
PFC30 Specification of P30 pin alternate function
0 TXDAO output
1 SOB4 output

Notes 1. CAN controller (2-channel) version only
2. The INTP7 pin and RXDAO pin are alternate-function pins. When using the pin as the RXDAO
pin, disable edge detection for the INTP7 alternate-function pin. (Clear the INTF3.INTF31 bit
and the INTR3.INTR31 bit to 0.) When using the pin as the INTP7 pin, stop UARTAO reception.

(Clear the UAOCTLO.UAORXE bit to 0.)
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(7) Port 3 function register (PF3)

After reset: 0000H R/W Address: PF3 FFFFFC66H,
PF3L FFFFFC66H, PF3H FFFFFC67H

15 14 13 12 11 10 9 8
PFaPFaH) | o | o | o [PFa1ve[pFativee[praiome| PFag | PFas |
7 6 5 4 3 2 ! 0

(PF3L) | PFa7 | PFas | PF3s | PFa4 | PFa3 | PFa2 | PF31 | PF30 |

PF3n Control of normal output or N-ch open-drain output

0 Normal output (CMOS output)

1 N-ch open-drain output

Note Valid for the V850E/SK3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H.

Cautions 1. To pull up an output pin at EVob or higher, be sure to set the appropriate PF3n bit to 1.
2. Be sure to clear bits 13 to 15 to “0”.

Remarks 1. The PF3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PF3 register as the PF3H register and the
lower 8 bits as the PF3L register, PF3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PF3 register in 8-bit or 1-bit units, specify them as bits 0
to 7 of the PF3H register.
3. VB50E/SJ3-H:n=01t09
VB850E/SK3-H: n=01t0 12
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43,5 Port4d
Port 4 is a 3-bit (V850E/SJ3-H) or 6-bit (V850E/SK3-H) port that controls 1/0 in 1-bit units.

Port 4 includes the following alternate-function pins.

Table 4-10. Port 4 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
P40 22 24 | SIBO/SDAO1 1/0 Selectable as N-ch open-drain output G-5
P41 23 25 | SOB0/SCLO1 /0 G-6
P42 24 | 26 |SCKBO/INTP2 /0 N-4
P43 - 27 - - C-1
P44t - | 28 |IETXO™™ Output E-2
P45"* - | 29 |IERX0"™™ Input E-1

Note V850E/SK3-H only

Caution The P40 to P42 and 45 pins have hysteresis characteristics in the input mode of the alternate-
function pin, but do not have the hysteresis characteristics in the port mode.

Remark

SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)

GM (VB50E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(1) Port 4 register (P4)

After reset: 00H (output latch) R/W Address: FFFFF408H

6 5 4 3 2 1 0
Pa | 0 | 0 | pashe| pagve | pagve | pap | pat | Pao |
P4n Qutput data control (in output mode)

0 Outputs 0.
1 Qutputs 1.

Note Valid for the V850E/SK3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H. However, the read value becomes undefined.

Caution Be sure to clear bits 6 and 7 to “0”.

Remark V850E/SJ3-H:n=0to2
V850E/SK3-H:n=01t0 5

(2) Port 4 mode register (PM4)

After reset: FFH R/W  Address: FFFFF428H

7 6 5 4 3 2 1 0
PMe | 1 | 1 | PM4sMr| pmagree| pmasiee| pmaz | PMat | PM4O |

PM4n 1/0 mode control

0 Output mode

1 Input mode

Note Valid for the V850E/SK3-H only.
Be sure to set this bit to 1 in the V850E/SJ3-H.

Caution Be sure to set bits 6 and 7 to “1”.

Remark VB850E/SJ3-H:n=0to?2
V850E/SK3-H:n=0to0 5
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(3) Port 4 mode control register (PMC4)

After reset: 00H R/W

Address: FFFFF448H

7 6 5 4 3 2 1 0
PMc4 [ o | o |pmcas™'[pmcas™| o | PMmc4a2 | PMC41 | PMC40 |
PMC45Nete! Specification of P45 pin operation mode
0 1/0O port
1 IERXON°t 2 jnput
PMC44hete! Specification of P44 pin operation mode
0 1/0 port
1 IERXON°t 2 output
PMC42 Specification of P42 pin operation mode
0 I/O port

1 SCKBO I/O/INTP2 input

Specification of P41 pin operation mode

0 I/O port

1 SOBO output/SCLO1 I/O

Specification of P40 pin operation mode

0 I/O port

1 SIBO input/SDA01 I/O

Notes 1. Valid for the V850E/SK3-H only.

Be sure to clear this bit to 0
2. V850E/SK3-H only

in the VB50E/SJ3-H.

Caution Be sure to clear bits 3, 6, and 7 to “0”.
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(4) Port 4 function control register (PFC4)

After reset: 00H R/W Address: FFFFF468H

7 6 5 4 3 2 1 0
Prca [ o | o | o | o | o |Prcaz | PFcat | PFcao |
PFC42 Specification of P42 pin alternate function
0 SCKBO 1/0
1 INTP2 input
PFC41 Specification of P41 pin alternate function

0 SOBO output
1 SCLO1 1/0

PFC40 Specification of P40 pin alternate function
0 SIBO input
1 SDAO01 I/0

Caution Be sure to clear bits 3 to 7 to “0”.

(5) Port 4 function register (PF4)

After reset: O0H R/W Address: FFFFFC68H

6 5 4 3 2 1 0
PF4 | 0 | o | PFaste|prage | pragve| PFa2 | PF41 | PF40 |

PF4n Control of normal output or N-ch open-drain output

0 Normal output (CMOS output)

1 N-ch open-drain output

Note Valid for the V850E/SK3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H.

Cautions 1. To pull up an output pin at EVob or higher, be sure to set the appropriate PF4n bit to 1.
2. Be sure to clear bits 6 and 7 to “0”.

Remark V850E/SJ3-H:n=0to?2
V850E/SK3-H:n=0to0 5
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4.3.6 Port5
Port 5 is a 6-bit (V850E/SJ3-H) or 8-bit (V850E/SK3-H) port that controls 1/0 in 1-bit units.
Port 5 includes the following alternate-function pins.

Table 4-11. Port 5 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 1/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM

P50 37 | 45 | KRO/TIQ01/TOQO1/RTPOO 110 Selectable as N-ch open-drain output | U-5
P51 38 | 46 | INTP7/KR1/TIQ02/TOQ02/RTPO1 /0 U-20
P52 39 | 47 | KR2/TIQ03/TOQO3/RTP02/DDI""" /0 U-6
P53 40 | 48 | SIB2/KR3/TIQ00/TOQO0/RTPO3/DDO""" /0 u-7
P54 41 | 49 | SOB2/KR4/RTP04/DCK""" 1/0 u-8
P55 42 | 50 | SCKB2/KR5/RTP05/DMS""" /0 u-9
P56"*? — | 51 | RXDA4"™"* Input E-1
p57"e? — | 52 | TXDA4"™"? Output E-2

Notes 1. The DDI, DDO, DCK, and DMS pins are for on-chip debugging.
If on-chip debugging is not used, fix the PO5/INTP2/DRST pin to low level between when the reset signal
of the RESET pin is released and when the OCDM.OCDMO bit is cleared (0).
For details, see 4.6.3 Cautions on on-chip debug pins.

2. VB850E/SK3-H only

Cautions 1. When the power is turned on, the P53 pin may momentarily output an undefined level.
2. The P50 to P56 pins have hysteresis characteristics in the input mode of the alternate
function, but do not have hysteresis characteristics in the port mode.

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(1) Port 5 register (P5)

After reset: 00H (output latch) R/W Address: FFFFF40AH

7 6 5 4 3 2 1 0
Ps | P57 | psete | pss | Ps4 | Ps3 | P52 | Pst | P50 |
P5n Output data control (in output mode)

0 Outputs 0.

1 Qutputs 1.

Note Valid for the V850E/SK3-H only.

Be sure to clear this bit to 0 in the V850E/SJ3-H. However, the read value becomes undefined.

Remark V850E/SJ3-H:n=0to5
V850E/SK3-H:n=0to 7

(2) Port 5 mode register (PM5)

After reset: FFH R/W Address: FFFFF42AH

7 6 5 4 3 2 ! 0
PMs | PM57V*| PMs6*| PM55 | PMs4 | PM53 | PMs2 | PMst | PMs0 |
PM5n 1/0 mode control

0 Output mode

1 Input mode

Note Valid for the V850E/SK3-H only.
Be sure to set this bit to 1 in the V850E/SJ3-H.

Remark V850E/SJ3-H:n=0to5
V850E/SK3-H:n=01to 7
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(3) Port 5 mode control register (PMC5)

After reset: 00H R/W Address: FFFFF44AH

7 6 5 4 3 2 1 0
PMC5  [PMC57% {PMCS6"* | PMC55 | PMC54 | PMC53 | PMC52 | PMC51 | PMC50 |
PMC57Note Specification of P57 pin operation mode
0 |10 port

1 TXDA4Nete 2 output

PMC56Mte ! Specification of P56 pin operation mode
0 I/O port
1 RXDA4N* 2 inpyt

PMC55 Specification of P55 pin operation mode
0 1/0 port
1 SCKB2 I/0/KR5 input/RTPO5 output

PMC54 Specification of P54 pin operation mode
0 1/0 port
1 SOB2 output/KR4 input/RTP04 output

PMC53 Specification of P53 pin operation mode
0 1/0 port
1 SIB2 input/KR3 input/TIQO0 input/TOQO0 output/RTP0O3 output

PMC52 Specification of P52 pin operation mode
0 1/0 port
1 KR2 input/TIQ03 input/TOQO3 output/RTPO2 output

PMC51 Specification of P51 pin operation mode
0 1/0 port
1 INTP7 input/KR1 input/TIQ02 input/TOQO02 output/RTPO1 output

PMC50 Specification of P50 pin operation mode
0 1/0O port
1 KRO input/TIQ01 input/TOQO1 output/RTP0O0 output

Notes 1. Valid for the V850E/SKS3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H.
2. V850E/SK3-H only
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(4) Port 5 function control register (PFC5)

After reset: 00H R/W  Address: FFFFF46AH

6 5 4 3 2 ! 0
PFcs | o | o | prcss | PFCsa | PFCs3 | PFCs2 | PFCst1 | PFCsO |

Remark For details of alternate function specification, see 4.3.6 (6) Port 5 alternate function
specifications.

(5) Port 5 function control expansion register (PFCES5)

After reset: 00H R/W Address: FFFFF70AH

7 6 5 4 3 2 ! 0
PFCEs | o0 | o | PFCESs|PFCES4 | PFCES3 | PFCES2 | PFCES1 | PFCESO |

Remark For details of alternate function specification, see 4.3.6 (6) Port 5 alternate function
specifications.

(6) Port 5 alternate function specifications

PFCE55 PFC55 Specification of P55 pin alternate function
0 0 SCKB2 I/0
0 1 KR5 input
1 0 Setting prohibited
1 1 RTPO5 output
PFCE54 PFC54 Specification of P54 pin alternate function
0 0 SOB2 output
0 1 KR4 input
1 0 Setting prohibited
1 1 RTP04 output
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PFCES53 PFC53 Specification of P53 pin alternate function
0 0 SIB2 input
0 1 KR3"* input/TIQ00 input
1 0 TOQOO output
1 1 RTPO3 output
PFCE52 PFC52 Specification of P52 pin alternate function
0 0 Setting prohibited
0 1 KR2"* input/TIQ03 input
1 0 TOQO83 input
1 1 RTPO2 output
PFCE51 PFC51 Specification of P51 pin alternate function
0 0 INTP7 input
0 1 KR1"* input/TIQ02 input
1 0 TOQO2 output
1 1 RTPO1 output
PFCE50 PFC50 Specification of P50 pin alternate function
0 0 Setting prohibited
0 1 KR0"™" input/TIQO01 input
1 0 TOQO1 output
1 1 RTPOO output

Note The KRn pin and TIQOm pin are alternate-function pins. When using the pin as the TIQOm pin,
disable KRn pin key return detection, which is the alternate function. (Clear the KRM.KRMn bit to 0.)
Also, when using the pin as the KRn pin, disable TIQOm pin edge detection, which is the alternate
function (n=0t0 3, m=0to 3).

Pin Name Use as TIQOm Pin Use as KRn Pin
KRO/TIQ01 KRM.KRMO bit =0 TQOIOC1.TQOIS3, TQOIS2 bits = 00
KR1/T1Q02 KRM.KRM1 bit = 0 TQOIOC1.TQOIS5, TQOIS4 bits = 00
KR2/T1Q03 KRM.KRM2 bit = 0 TQOIOC1.TQOIS7, TQOIS6 bits = 00
KR3/TIQ00 KRM.KRM3 bit = 0 TQOIOC1.TQOIS1, TQOISO bits = 00

TQOIOC2.TQOEES1, TQOEESO bits = 00
TQOIOC2.TQOETS1, TQOETSO bits = 00
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(7) Port 5 function register (PF5)

After reset: 00H RW Address: FFFFFC6AH

7 6 5 4 3 2 1 0
PF5 | PF57'| PF5M | PF55 | PF54 | PF53 | PF52 | PF51 | PF50 |

PF5n Control of normal output or N-ch open-drain output

0 Normal output (CMOS output)

1 N-ch open-drain output

Note Valid for the V850E/SK3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H.

Caution To pull up an output pin at EVop or higher, be sure to set the appropriate PF5n bit to 1.

Remark V850E/SJ3-H:n=0to5
V850E/SK3-H: n=0to 7
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4.3.7 Port6
Port 6 is a 16-bit port for which I/O settings can be controlled in 1-bit units.
Port 6 includes the following alternate-function pins.

Table 4-12. Port 6 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
<R> P60 43 53 | RTP10/RXDA4/SIEQ""" I/0 Selectable as N-ch open-drain output | Note 2
<R> P61 44 54 | RTP11/TXDA4/SOEQ""" Qutput Note 2
<R> P62 45 | 55 | RTP12/SCKEQ™™' /0 Note 2
<R> P63 46 56 | RTP13/SIE1"""/KR4 1/0 Note 2
<R> P64 47 | 57 | RTP14/SOE1""*'/KR5 /0 Note 2
<R> P65 48 | 58 | RTP15/SCKE1""'/KR2/TIQ03/TOQ03 10 Note 2
P66 49 59 | SIB5/INTP9/KR3/TIQ00/TOQ00 I/0 U-26
<R> P67 50 60 | SOB5/RXDA5/SDA05""" I/0 Note 2
<R> P68 51 | 61 | SCKB5/TXDA5/SCLO5""" e} Note 2
P69 52 62 | TIP70/TOP70/TENC70 I/0 U-29
P610 53 63 | TIP71/TENC71 Input U-30
P611 54 | 64 | TOP71/TECR7 I/0 U-31
P612 55 65 | TIP8O/TOP80O/TENC80 I/0 U-29
P613 56 66 | TIP81/TOP81/TENC81 I/0 U-29
P614 57 67 | SDAO3/TECRS I/0 U-32
P615 58 68 | SCL03 I/0 E-3
<R> Notes 1. These pins are not included in the #PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(VB50E/SJ3-H).
<R> 2. Block types differ for each product.

e Products other than uxPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H)

Pin name P60 P61 P62 P63 P64 P65 P67 P68

Block type U-21 uU-22 U-38 U-23 uU-24 U-25 u-27 U-28

o 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H)

Pin name P60 P61 P62 P63 P64 P65 P67 P68

Block type G-1 G-2 E-2 U-36 U-36 U-37 G-1 G-7

Caution The P60 and P62 to P615 pins have hysteresis characteristics in the input mode of the alternate-
function pin, but do not have the hysteresis characteristics in the port mode.

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(1) Port 6 register (P6)

After reset: 0000H (output latch) R/W Address: P6 FFFFF40CH
P6L FFFFF40CH, P6LH FFFFF40DH

15 14 13 12 11 10 9 8
Pe(PeH) | Pe15 | Pe14 | Pet3 | Pe12 | Pet1 | Peto | Peo | Pes |
7 6 5 4 3 2 1 0
PeL) | Pe7 | Pes | Pes | Pea | Pes | Pe2 | Pet | Peo |
P6én Output data control (in output mode) (n =0 to 15)

0 Outputs 0.
1 Qutputs 1.

Remarks 1. The P6 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the P6 register as the P6H register and the
lower 8 bits as the P6L register, P6 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the P6 register in 8-bit or 1-bit units, specify them as bits 0 to
7 of the P6H register.

(2) Port 6 mode register (PM6)

After reset: FFFFH R/W  Address: PM6 FFFFF42CH
PM6L FFFFF42CH, PM6H FFFFF42DH

15 14 13 12 11 10 9 8
PM6 (PM6H) | PM615 | PM614 | PM613 | PM612 | PMe11 | PM610 | PMe9 | PMes |

7 6 5 4 3 2 1 0
(PM6L) | Pme7 | PMes | PMe5 | PMe4 | PMe3 | PMe2 | PMe1 | PMeo |

PM6én I/0O mode control (n =0 to 15)

0 Output mode

1 Input mode

Remarks 1. The PM6 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PM6 register as the PM6H register and the
lower 8 bits as the PM6L register, PM6 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PM6 register in 8-bit or 1-bit units, specify them as bits 0
to 7 of the PM6H register.
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(3) Port 6 mode control register (PMC6)

(1/2)
After reset: 0000H R/W  Address: PMC6 FFFFF44CH
PMC6L FFFFF44CH, PMC6H FFFFF44DH
15 14 13 12 11 10 9 8
PMC6 (PMC6H) | PMC615| PMC614 | PMC613] PMC612 | PMC611| PMC610 | PMC69 | PMC68 |
7 6 5 4 3 2 1 0
(PMceL) | PMC67 | PMCe6 | PMCe5 | PMCe4 | PMCe3 | PMCe2 | PMCe1 | PMCsO |
PMC615 Specification of P615 pin operation mode
0 1/0 port
1 SCLO03 I/0
PMC614 Specification of P614 pin operation mode
0 1/0 port
1 SDAO03 I/O/TECRS input
PMC613 Specification of P613 pin operation mode
0 1/0 port
1 TIP81 input/TOP81 output/TENC81 input
PMC612 Specification of P612 pin operation mode
0 1/0 port
1 TIP80 input/TOP80 output/TENCS80 input
PMC611 Specification of P611 pin operation mode
0 1/0 port
1 TOP71 output/TECR?7 input
PMC610 Specification of P610 pin operation mode
0 1/0 port
1 TIP71 input/TENC71 input
PMC69 Specification of P69 pin operation mode
0 1/0 port
1 TIP70 input/TOP70 output/TENC70 input
PMC68 Specification of P68 pin operation mode
0 1/0 port
<R> 1 | SCKBS I/O/TXDAS output/SCLOSe' /0
PMC67 Specification of P67 pin operation mode
0 1/0 port
<R> 1 SOBS5 output/RXDA5 input/SDAO5N® |/0
PMC66 Specification of P66 pin operation mode
0 1/0 port
1 SIB5 input/INTP9 input/KR3 input/TIQ00 input/TOQOO0 output
PMC65 Specification of P65 pin operation mode
0 1/0 port
<R> 1 | RTP15 output/SCKE1N** |/O/KR2 input/TIQO3 input/TOQO3 output
<R> Note Not available in the x#PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H).
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@/2)

PMC64 Specification of P64 pin operation mode
0 I/O port
1 RTP14 output/SOE 1Nt output/KR5 input

PMC63 Specification of P63 pin operation mode
0 I/O port
1 RTP13 output/SIE 1Nt input/KR4 input

PMC62 Specification of P62 pin operation mode
0 1/0 port
1 RTP12 output/SCKEQNt |/O

PMC61 Specification of P61 pin operation mode
0 I/0 port
1 RTP11 output/TXDA4 output/SOEQN*® output

PMC60 Specification of P60 pin operation mode
0 1/O port
1 RTP10 output/RXDA4 input/SIEON°' input

Note Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H).

Remarks 1. The PMCS6 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMC®6 register as the PMC6H register and
the lower 8 bits as the PMCB6L register, PMC6 can be read or written in 8-bit or 1-bit
units.
2. To read/write bits 8 to 15 of the PMC6 register in 8-bit or 1-bit units, specify them as bits
0 to 7 of the PMC6H register.
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(4) Port 6 function control register (PFC6)

After reset: 0000H R/W Address: PFC6 FFFFF46CH,
PFC6L FFFFF46CH, PFC6H FFFFF46DH

15 14 13 12 11 10 9 8
PFC6 (PFC6H) | 0 | PFCe14 | PFC613 | PFC612 | PFC11 | PFC610 | PFCE9 | PFCES |
7 6 5 4 3 2 1 0

PFC61 | PFC60 |

(PFC6L) | PFC67 | PFC66 | PFC65 | PFC64 | PFC63 |PFCE2M

Note Not available in the #PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933

(V850E/SJ3-H).
Be sure to clear this bit to 0 in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and

70F3933 (V850E/SJ3-H).
Caution Be sure to clear bit 15 to “0”.

Remarks 1. For details of alternate function specification, see 4.3.7 (6) Port 6 alternate function
specifications.
2. The PFC6 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFC6 register as the PFC6H register and
the lower 8 bits as the PFC6L register, PFC6 can be read or written in 8-bit or 1-bit units.
3. To read/write bits 8 to 15 of the PFC6 register in 8-bit or 1-bit units, specify them as bits
0 to 7 of the PFC6H register.

(5) Port 6 function control expansion register (PFCE6)

After reset: 0000H R/W Address: PFCE6 FFFFF70CH,
PFCE6L FFFFF70CH, PFCE6H FFFFF70DH

15 14 13 12 11 10 9 8

PFCE6 (PFCE6H) | 0  |PFCE614) PFCE613 PFCE612| PFCEG11|PFCE610| PFCEG9 |PFCEGS"™|
7 6 5 4 3 2 1 0

(PFCE6L) [PFCE67"| PFCEG6 | PFCE6S5 | PFCE64 | PFCE63 |PFCE62Y|PFCES1"* |PFCEG0""|

Note Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933

(V850E/SJ3-H).
Be sure to clear this bit to 0 in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and

70F3933 (V850E/SJ3-H).

Caution Be sure to clear bit 15 to “0”.

Remark For details of alternate function specification, see 4.3.7 (6) Port 6 alternate function
specifications.
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(6) Port 6 alternate function specifications

172

PFCE614 PFC614 Specification of P614 pin alternate function
0 0 SDAO03 I/0
0 1 Setting prohibited
1 0 TECRS input
1 1 Setting prohibited

PFCE613 PFC613 Specification of P613 pin alternate function
0 0 TIP81 input
0 1 TOP81 output
1 0 TENCS81 input
1 1 Setting prohibited

PFCE612 PFC612 Specification of P612 pin alternate function
0 0 TIP8O input
0 1 TOP80 output
1 0 TENCS8O0 input
1 1 Setting prohibited

PFCE611 PFC611 Specification of P611 pin alternate function
0 0 TOP71 output
0 1 Setting prohibited
1 0 TECRY input
1 1 Setting prohibited

PFCE610 PFC610 Specification of P610 pin alternate function
0 0 TIP71 input
0 1 Setting prohibited
1 0 TENC71 input
1 1 Setting prohibited

PFCE69 PFC69 Specification of P69 pin alternate function
0 0 TIP70 input
0 1 TOP70 output
1 0 TENC70 input
1 1 Setting prohibited

PFCE68"™"' PFC68 Specification of P68 pin alternate function

0 0 SCKBS I/0
0 1 TXDAS output
1 0 SCL05""*1/0

Setting prohibited
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PFCE67""" PFC67 Specification of P67 pin alternate function
0 0 SOBS output
0 1 RXDAD5 input
1 0 SDA05""*? 1/0
1 1 Setting prohibited
PFCEG66 PFC66 Specification of P66 pin alternate function
0 0 SIB5 input
0 1 INTP9 input
1 0 KR3""*® input/TIQO0 input
1 1 TOQOO output
PFCE65 PFC65 Specification of P65 pin alternate function
0 0 RTP15 output
0 1 SCKE1"*1/0
1 0 KR2"** input/TIQO3 input
1 1 TOQO3 output
PFCE64 PFC64 Specification of P64 pin alternate function
0 0 RTP14 output
0 1 SOE1""*? output
1 0 KR5 input
1 1 Setting prohibited
PFCE63 PFC63 Specification of P63 pin alternate function
0 0 RTP13 output
0 1 SIE1™** input
1 0 KR4 input
1 1 Setting prohibited
PFCEG2""" PFCE2""" Specification of P62 pin alternate function
0 0 RTP12 output
0 1 Setting prohibited
1 0 SCKEQ"™** /0
1 1 Setting prohibited
PFCE61""" PFC61 Specification of P61 pin alternate function
0 0 RTP11 output
0 1 TXDA4 output
1 0 SOE0"™"? output

Setting prohibited
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<R> PFCE60""" PFC60 Specification of P60 pin alternate function
0 0 RTP10 output
0 1 RXDA4 input
<R> 1 0 SIE0™™** input
1 1 Setting prohibited
<R> Notes 1. Valid for other than the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933

(VB50E/SJ3-H) only.
Be sure to clear this bit to 0 in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and
70F3933 (V850E/SJ3-H).

2. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H)

3. The KRn pin and TIQOm pin are alternate-function pins. When using the pin as the TIQOm pin,
disable KRn pin key return detection, which is the alternate function. (Clear the KRM.KRMn bit to 0.)
Also, when using the pin as the KRn pin, disable TIQOm pin edge detection, which is the alternate
function (n=2, 3, m=0, 3).

Pin Name Used as TIQOm Pin Used as KRn Pin
KR2/T1Q03 KRM.KRM2 bit = 0 TQOIOC1.TQOIS7, TQOIS6 bits = 00
KR3/TIQ00 KRM.KRM3 bit = 0 TQOIOC1.TQOIS1, TQOISO bits = 00

TQOIOC2.TQOEES1, TQOEESO bits = 00
TQOIOC2.TQOETS1, TQOETSO bits = 00

(7) Port 6 function register (PF6)

After reset: 0000H R/W Address: PF6 FFFFFC6CH
PF6L FFFFFC6CH, PF6H FFFFFC6DH

15 14 13 12 11 10 9 8
PF6 (PF6H) | PF615 | PF614 | PF613 | PF612 | PF611 | PF610 | PF69 | PFes |

7 6 5 4 3 2 1 0
(PF6L) | PF67 | PFe6 | PFe5 | PFe4 | PF63 | PFe2 | PFe1 | PF60 |

PFén Normal output/N-ch open-drain output control (n = 0 to 15)

0 Normal output (CMOS output)

1 N-ch open-drain output

Caution To pull up an output pin at EVop or higher, be sure to set the appropriate PFén bit to 1.

Remarks 1. The PF6 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PF6 register as the PF6H register and the
lower 8 bits as the PF6L register, PF6 can be read or written in 8-bit and 1-bit units.
2. To read/write bits 8 to 15 of the PF6 register in 8-bit or 1-bit units, specify them as bits 0
to 7 of the PF6H register.
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4.3.8 Port7

Port 7 is a 16-bit port for which I/O settings can be controlled in 1-bit units.
Port 7 includes the following alternate-function pins.

Table 4-13. Port 7 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
SJ3-H|[SK3-H
GJ | GM
P70 144 | 176 | ANIO Input - A-1
P71 143 | 175 | AN Input A-1
P72 142 | 174 | ANI2 Input A-1
P73 141 173 | ANI3 Input A-1
P74 140 | 172 | ANI4 Input A-1
P75 139 | 171 | ANI5 Input A-1
P76 138 | 170 | ANI6 Input A-1
P77 137 | 169 | ANI7 Input A-1
P78 136 | 168 | ANI8 Input A-1
P79 135 | 167 | ANI9 Input A-1
P710 134 | 166 | ANI10 Input A-1
P711 133 | 165 | ANI11 Input A-1
P712 132 | 164 | ANI12 Input A-1
P713 131 163 | ANI13 Input A-1
P714 130 | 162 | ANI14 Input A-1
P715 129 | 161 | ANI15 Input A-1
Remark SJ3-H: VB50E/SJ3-H

SK3-H: V850E/SK3-H

GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)

GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(1) Port 7 register H, port 7 register L (P7H, P7L)

After reset: 00H (output latch) R/W Address: P7L FFFFF40EH, P7H FFFFF40FH

7 6 5 4 3 2 ! 0
p7H | P75 | pria | P71a | P72 | prat | prio | pre | prs |
7 6 5 4 3 2 1 0
prt | Pz | pre | prs | Pra | P73 | P2 | P | Pro |
P7n Output data control (in output mode) (n = 0 to 15)
0 Outputs 0.
1 Outputs 1.

Caution Do not read/write the P7H and P7L registers during A/D conversion (see 13.6 (4)
Alternate 1/O).

Remark These registers cannot be accessed in 16-bit units as the P7 register. They can be read or
written in 8-bit or 1-bit units as the P7H and P7L registers.

(2) Port 7 mode register H, port 7 mode register L (PM7H, PM7L)

After reset: FFH R/W Address: PM7L FFFFF42EH, PM7H FFFFF42FH

7 6 5 4 3 2 1 0
PM7H | PM715 | PM714 | PM713 | PM712 | PM711 | PM710 | PM79 | PMm78 |

7 6 5 4 3 2 1 0
PM7L [ Pm77 | Pwmze | Pum7s | Pmza | Pwmza | Pm72 | Pm71i | Pmro |

PM7n I/0O mode control (n =0 to 15)

0 Output mode

1 Input mode

Caution When using the P7n pin as its alternate function (ANIn pin), set the PM7n bit to 1.

Remark These registers cannot be accessed in 16-bit units as the PM7 register. They can be read or
written in 8-bit or 1-bit units as the PM7H and PM7L registers.
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439 Port8
Port 8 is a 2-bit (V850E/SJ3-H) or 6-bit (VB50E/SK3-H) port for which 1/O settings can be controlled in 1-bit units.
Port 8 includes the following alternate-function pins.

Table 4-14. Port 8 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
P80 59 71 | RXDAS3/INTP8/RC1CK1HZ I/0 Selectable as N-ch open-drain output U-33
p p
P81 60 72 | TXDA3/RC1CKO/RC1CKDIV Qutput U-34
pga'e - 73 | SDA05"™™" I/0 E-3
pg3"* - 74 | SCLO5™™ 1/0 E-3
Pg4"* - 75 | RXDA5"™" Input E-1
pgs"* - 76 | TXDA5"™" Output E-2

Note V850E/SK3-H only.

Caution The P80 and P82 to P84 pins have hysteresis characteristics in the input mode of the alternate-
function pin, but do not have the hysteresis characteristics in the port mode.

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB50E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

(1) Port 8 register (P8)

After reset: 00H (output latch) R/W Address: FFFFF410H

7 6 5 4 3 2 1 0
P& | o | o | psstee | paaver | pgavee | papver | pgt | Pso |
P8n Output data control

0 Outputs 0.

1 Outputs 1.

Note Valid for the V850E/SK3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H. However, the read value becomes undefined.

Caution Be sure to clear bits 6 and 7 to “0”.

Remark V850E/SJ3-H:n=0, 1
V850E/SK3-H: n=01t0 5
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(2) Port 8 mode register (PM8)

After reset: FFH R/W Address: FFFFF430H

7 6 5 4 3 2 1 0
PM8 | 1 | 1 | PM8sY®| pMaate | pMgatet | pms2e | PMgt | PMso |

PM8n 1/0 mode control

0 Output mode

1 Input mode

Note Valid for the V850E/SK3-H only.
Be sure to set this bit to 1 in the V850E/SJ3-H.

Caution Be sure to set bits 6 and 7 to “1”.

Remark V850E/SJ3-H:n =0, 1
V850E/SK3-H:n=01t0 5
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(3) Port 8 mode control register (PMC8)

After reset: 00H R/W R/W Address: FFFFF450H

6 5 4 3 2 1 0
PMC8 [ 0 | 0 |pmcesteipuceater Tpmcsae fpmcs2e | PMCB1 | PMCBO |
PMCg5Nete ! Specification of P85 pin operation mode
0 1/0 port

Notes 1.

Caution

1 TXDAS5Ne* 2 output

PMC84Nete 1 Specification of P84 pin operation mode
0 1/O port
1 RXDA5Nt 2 input

PMCg3Nete ! Specification of P83 pin operation mode
0 1/O port
1 SCLO5N*2 |/O

PMCg2Nete ! Specification of P82 pin operation mode
0 1/0 port
1 SDAO05N*2 |/O

PMC81 Specification of P81 pin operation mode
0 1/O port
1 TXDA3 output/RC1CKO output/RC1CKDIV output

PMC80 Specification of P80 pin operation mode
0 1/0 port
1 RXDAS input/INTP8Ne*® 2 input/RC1CK1HZ output

Valid for the V850E/SK3-H only.

Be sure to set this bit to 0 in the V850E/SJ3-H.

V850E/SK3-H only

The INTP8 and RXDA3 pins are alternate-function pins. When using the RXDAS3 pin,
disable detection of the edge of the INTP8 pin (INTF8.INTF80 bit = 0 and INTR8.INTR80 bit
= 0). When using the INTP8 pin, stop the reception operation of UARTA3
(UA3CTLO.UA3RXE bit = 0).

Be sure to clear bits 6 and 7 to “0”.
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(4) Port 8 function control register (PFC8)

After reset: 00H R/W  Address: FFFFF470H
6 5 4 3 2 1 0
prcs | o | o | o | o | o | o |[PpFcst | PFcao |

Remark For details of alternate function specification, see
specifications.

4.3.9 (6) Port 8 alternate function

(5) Port 8 function control expansion register (PFCE8)

After reset: 00H  R/W  Address: FFFFF710H
4 3 2 1 0
prces | o | o | o | o | o | o |prcest]|PFcEso|

Remark For details of alternate function specification, see 4.3.9 (6) Port 8 alternate function

specifications.

(6) Port 8 alternate function specifications

PFCES81 PFC81 Specification of P81 pin alternate function
0 0 TXDA3 output
0 1 Setting prohibited
1 0 RC1CKO output /RC1CKDIV output
1 1 Setting prohibited
PFCES80 PFC80 Specification of P80 pin alternate function
0 0 RXDAS input /INTP8 input
0 1 Setting prohibited
1 0 RC1CK1HZ output
1 1 Setting prohibited
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(7) Port 8 function register (PF8)

After reset: 00H R/W Address: FFFFFC70H

7 6 5 4 3 2 1 0
PFe | 0 | 0 | PFese| PFeave | PFaat | pFa2ve | PF81 | PFeo |
PF8n Control of normal output or N-ch open-drain output

0 Normal output (CMOS output)

1 N-ch open-drain output

Note Valid for the V850E/SK3-H only.
Be sure to clear this bit to 0 in the V850E/SJ3-H.

Cautions 1. To pull up an output pin at EVob or higher, be sure to set the appropriate PF8n bit to 1.
2. Be sure to clear bits 6 and 7 to “0”.

Remark V850E/SJ3-H:n=0, 1
V850E/SK3-H:n=01t0 5
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4.3.10 Port9
Port 9 is a 16-bit port for which I/O settings can be controlled in 1-bit units.
Port 9 includes the following alternate-function pins.

Table 4-15. Port 9 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 1/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
P90 61 77 | AO/KR6/TXDA1/SDA02 110 Selectable as N-ch open-drain output U-10
P91 62 78 | A1/KR7/RXDA1/SCL02 1/0 uU-11
P92 63 79 | A2/TIP41/TOP41 1/0 U-12
P93 64 80 | A3/TIP40/TOP40/INTP8 /0 U-35
P94 65 81 | A4/TIP31/TOP31 1/0 U-12
P95 66 82 | A5/TIP30/TOP30/INTP5 /0 U-35
P96 67 83 | A6/TIP21/TOP21 1/O U-13
P97 68 84 | A7/SIB1/TIP20/TOP20 1/0 U-14
P98 69 85 | A8/SOB1 Output G-2
P99 70 | 86 |A9/SCKB1 /0 G-4
P910 71 87 | A10/SIB3 1/O G-1
P911 72 88 | A11/SOB3 Output G-2
P912 73 | 89 | A12/SCKB3 o] G-4
P913 74 90 | A13/INTP4 1/0 N-2
P914 75 91 | A14/INTP5/TIP51/TOP51 1/0 U-15
P915 76 92 | A15/INTP6/TIP50/TOP50 1/O U-15

Caution The P90 to P97, P99, P910, and P912 to P915 pins have hysteresis characteristics in the input
mode of the alternate-function pin, but do not have the hysteresis characteristics in the port
mode.

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(1) Port 9 register (P9)

After reset: 0000H (output latch) R/W Address: P9 FFFFF412H,
PIL FFFFF412H, POQH FFFFF413H

15 14 13 12 1 10 9 8
PO(POH) | Pots | Pot4 | P913 | Po12 | Pot1 | Poto | Po9 | P9 |
7 6 5 4 3 2 1 0
Pol) [ pPo7 | Pos | Pos | Poa | Po3 | Po2 | Pot | pPoo |
P9n Output data control (in output mode) (n = 0 to 15)
0 Outputs 0.
1 Outputs 1.

Remarks 1. The P9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the P9 register as the P9H register and the
lower 8 bits as the PIL register, P9 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the P9 register in 8-bit or 1-bit units, specify them as bits 0 to
7 of the P9H register.

(2) Port 9 mode register (PM9)

After reset: FFFFH R/W Address: PM9 FFFFF432H,
PM9L FFFFF432H, PM9H FFFFF433H

15 14 13 12 1 10 9 8
PM9 (PMoH) | PMo15 | PM914 | PMo13 | PMo12 | PMo11 | PMot0 | PM99 | PMos |

7 6 5 4 3 2 1 0
(PMoL) | PMo7 | PM96 | PM9s | PMo4 | PM93 | Pmo2 | Pmo1 | Pmoo |

PM9n I/0O mode control (n =0 to 15)

0 Output mode

1 Input mode

Remarks 1. The PM9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PM9 register as the PM9H register and the
lower 8 bits as the PMIL register, PM9 can be read or written in 8-bit and 1-bit units.
2. To read/write bits 8 to 15 of the PM9 register in 8-bit or 1-bit units, specify them as bits 0
to 7 of the PM9H register.

Users Manual U19201EJ3VOUD 183




CHAPTER 4 PORT FUNCTIONS

(3) Port 9 mode control register (PMC9)

(1/2)

After reset: 0000H R/W Address: PMC9 FFFFF452H,
PMC9L FFFFF452H, PMC9H FFFFF453H

15 14 13 12 11 10 9 8
PMC9 (PMC9H) | PMC915| PMC914 | PMC913| PMCO12 | PMC911 | PMC910 | PMC99 | PMC98 |

7 6 5 4 3 2 : 0
(PMCoL) | PMCo7 | PMC96 | PMCo5 | PMCo4 | PMCO3 | PMC92 | PMCO1 | PMC90 |

PMC915 Specification of P915 pin operation mode
0 1/O port
1 A15 output/INTP6 input/TIP50 input/TOP50 output

PMC914 Specification of P914 pin operation mode
0 1/0 port
1 A14 output/INTP5 input/TIP51 input/TOP51 output

PMC913 Specification of P913 pin operation mode
0 1/0 port
1 A13 output/INTP4 input

PMC912 Specification of P912 pin operation mode
0 1/0 port
1 A12 output/SCKB3 I/0

PMC911 Specification of P911 pin operation mode
0 1/0 port
1 A11 output/SOBS3 output

PMC910 Specification of P910 pin operation mode
0 1/0 port
1 A10 output/SIB3 input

PMC99 Specification of P99 pin operation mode
0 1/0O port
1 A9 output/SCKB1 I/O

Remarks 1. The PMCO register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMC9 register as the PMC9H register and
the lower 8 bits as the PMCOL register, PMC9 can be read or written in 8-bit or 1-bit
units.
2. To read/write bits 8 to 15 of the PMC9 register in 8-bit or 1-bit units, specify them as bits
0 to 7 of the PMCO9H register.
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@/2)

Caution

PMC98 Specification of P98 pin operation mode
0 1/O port
1 A8 output/SOB1 output
PMC97 Specification of P97 pin operation mode
0 1/O port
1 A7 output/SIB1 input/TIP20 input/TOP20 output
PMC96 Specification of P96 pin operation mode
0 1/0 port
1 A6 output/TIP21 input/TOP21 output
PMC95 Specification of P95 pin operation mode
0 1/0 port
1 A5 output/TIP30 input/TOP30 output/INTP5 input
PMC94 Specification of P94 pin operation mode
0 1/0 port
1 A4 output/TIP31 input/TOP31 output
PMC93 Specification of P93 pin operation mode
0 1/0 port
1 A3 output/TIP40 input/TOP40 output/INTP8 input
PMC92 Specification of P92 pin operation mode
0 1/O port
1 A2 output/TIP41 input/TOP41 output
PMC91 Specification of P91 pin operation mode
0 1/0 port
1 A1 output/KR7 input/RXDA1 input/KR7 input/SCL02 1/0
PMC90 Specification of P90 pin operation mode
0 1/O port

A0 output/KR6 input/TXDA1 output/SDAO2 1/O

Port 9 pins cannot be used as port pins or other alternate-function pins if even one of
the A0 to A15 pins is used in the separate bus mode. After setting the PFC9 and
PFCE?9 registers to 0000H, therefore, set all 16 bits of the PMC9 register to FFFFH at
once. If none of the A0 to A15 pins is used in the separate bus mode, port 9 pins can

be used as port pins or other alternate-function pins.
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(4) Port 9 function control register (PFC9)

Caution Port 9 pins cannot be used as port pins or other alternate-function pins if even one of the A0
to A15 pins is used in the separate bus mode. After setting the PFC9 and PFCE9 registers to
0000H, therefore, set all 16 bits of the PMC9 register to FFFFH at once. If none of the A0 to
A15 pins is used in the separate bus mode, port 9 pins can be used as port pins or other
alternate-function pins.

After reset: 0000H R/W Address: PFC9 FFFFF472H,
PFC9OL FFFFF472H, PFC9H FFFFF473H

15 14 13 12 11 10 9 8
PFC9 (PFCOH) | PFCo15| PFCo14 | PFCO13| PFCot2 | PFCO11 | PFCOt10 | PFC99 | PFCos |

7 6 5 4 3 2 ! 0
(PFCOL) | PFCo7 | PFCes | PFCOs | PFC94 | PFCO3 | PFCO2 | PFCO1 | PFCO0 |

Remarks 1. For details of alternate function specification, see 4.3.10 (6) Port 9 alternate function
specifications.
2. The PFC9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFC9 register as the PFC9H register and
the lower 8 bits as the PFCIL register, PFC9 can be read or written in 8-bit or 1-bit units.
3. To read/write bits 8 to 15 of the PFC9 register in 8-bit or 1-bit units, specify them as bits 0
to 7 of the PFC9H register.

(5) Port 9 function control expansion register (PFCE9)

After reset: 0000H R/W Address: PFCE9 FFFFF712H,
PFCE9L FFFFF712H, PFCE9H FFFFF713H

15 14 13 12 11 10 9 8
PFCE9 (PFCE9H) |PFCE915|PFCE914 o | o | o | o | o | o |
7 6 5 4 3 2 1 0

(PFCE9L) | PFCE97 | PFCE96 | PFCE95 | PFCE94 | PFCE93 | PFCE92 | PFCE91 | PFCEQO |

Remarks 1. For details of alternate function specification, see 4.3.10 (6) Port 9 alternate function

specifications.

2. The PFCES9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFCE9 register as the PFCE9H register
and the lower 8 bits as the PFCEOL register, PFCE9 can be read or written in 8-bit or 1-
bit units.

3. To read/write bits 8 to 15 of the PFCE9 register in 8-bit or 1-bit units, specify them as bits
0 to 7 of the PFCE9H register.
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(6) Port 9 alternate function specifications

PFCE915 PFC915 Specification of P915 pin alternate function
0 0 A15 output
0 1 INTP6 input
1 0 TIP50 input
1 1 TOPS50 output
PFCE914 PFC914 Specification of P914 pin alternate function

0 0 A14 output
0 1 INTPS5 input
1 0 TIP51 input
1 1 TOP51 output

PFC913 Specification of P913 pin alternate function
0 A13 output
1 INTP4 input

PFC912 Specification of P912 pin alternate function
0 A12 output
1 SCKB3 1/0

PFC911 Specification of P911 pin alternate function
0 A11 output
1 SOBS3 output

PFC910 Specification of P910 pin alternate function
0 A10 output
1 SIB3 input

PFC99 Specification of P99 pin alternate function
0 A9 output
1 SCKB1 I/0

PFC98 Specification of P98 pin alternate function
0 A8 output
1 SOB1 output

PFCE97 PFC97 Specification of P97 pin alternate function
0 0 A7 output
0 1 SIB1 input
1 0 TIP20 input
1 1 TOP20 output
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PFCE96 PFC96 Specification of P96 pin alternate function
0 0 A6 output
0 1 Setting prohibited
1 0 TIP21 input
1 1 TOP21 output
PFCE95 PFC95 Specification of P95 pin alternate function
0 0 A5 output
0 1 TIP30 input
1 0 TOP30 output
1 1 INTP5 input
PFCE9%4 PFC94 Specification of P94 pin alternate function
0 0 A4 output
0 1 TIP31 input
1 0 TOP31 output
1 1 Setting prohibited
PFCE93 PFC93 Specification of P93 pin alternate function
0 0 A3 output
0 1 TIP40 input
1 0 TOP40 output
1 1 INTP8 input
PFCE92 PFC92 Specification of P92 pin alternate function
0 0 A2 output
0 1 TIP41 input
1 0 TOP41 output
1 1 Setting prohibited
PFCE91 PFC91 Specification of P91 pin alternate function
0 0 A1 output
0 1 KR?7 input
1 0 RXDA1 input/KR7 input"*®
1 1 SCLO02 I/O
PFCEQ90 PFC90 Specification of P90 pin alternate function
0 0 AO output
0 1 KR6 input
1 0 TXDA1 output
1 1 SDAO2 I/O

Note The RXDA1 and KR7 pins must not be used at the same time. When using the RXDA1 pin, do not use the
KR7 pin (clear the KRM.KRM7 bit to 0). When using the KR7 pin, do not use the RXDA1 pin (it is
recommended to set the PFC91 bit to 1 and clear the PFCE91 bit to 0). When the PFC91 bit is cleared to 0
and the PFCE91 bit is set to 1, clear the UA1CTL0.UA1RXE bit to 0.
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(7) Port 9 function register (PF9)

After reset: 0000H ~ R/W  Address: PF3 FFFFFC72H,
PFIL FFFFFC72H, PF9H FFFFFC73H
15 14 13 12 11 10 9 8

PF9 (PFOH) | PFots | PFo14 | PFo1a | PFot2 | PFo11 | PFot0 | PFoo | PFos |

7 6 5 4 3 2 1 0
(PFoL) | PFo7 | PFos | PFos | PFos | PFo3 | PFo2 | PFo1 | PFoo |
PF9n Control of normal output or N-ch open-drain output (n = 0 to 15)

0 Normal output (CMOS output)

1 N-ch open-drain output

Caution To pull up an output pin at EVop or higher, be sure to set the appropriate PF9n bit to 1.

Remarks 1. The PF9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PF9 register as the PF9H register and the
lower 8 bits as the PFIL register, PF9 can be read or written in 8-bit or 1-bit units.

2. To read/write bits 8 to 15 of the PF9 register in 8-bit or 1-bit units, specify them as bits 0
to 7 of the PF9H register.

Users Manual U19201EJ3VOUD 189




CHAPTER 4 PORT FUNCTIONS

4.3.11 Port 13 (V850E/SK3-H only)
Port 13 is a 4-bit port for which 1/O settings can be controlled in 1-bit units.
Port 13 includes the following alternate-function pins.

Table 4-16. Port 13 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
SJ3-H| SK3-H
GJ | GM
P130 - 125 - - - B-1
P131 - 126 - - B-1
P132 - 127 - - B-1
P133 - 128 - - B-1

Remark SJ3-H:V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

(1) Port 13 register (P13)

After reset: 00H (output latch)

P13 |

R/W Address: FFFFF41AH

7 6 4 3 2 1 0

0 o | o | o | P3| P32 | P13a1 | P30 |
P13n Output data control (in output mode) (n = 0 to 3)

0 Outputs 0.

1 Outputs 1.

Caution Be sure to clear bits 4 to 7 to “0”.

(2) Port 13 mode register (PM13)

After reset: FFH

PM13 |

R/W Address: FFFFF43AH

5 4 3 2 1 0

1

1 | 1 | pwias | Pmi32 | PM131 | PM130 |

PM13n

I/0 mode control (n = 0 to 3)

Output mode

Input mode

Caution Be sure to set bits 4 to 7 to “1”.
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4.3.12 Port 14 (V850E/SK3-H only)
Port 14 is a 6-bit port for which I/O settings can be controlled in 1-bit units.
Port 14 includes the following alternate-function pins.

Table 4-17. Port 14 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name /0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
P140 - | 155 - - - B-1
P141 - 156 - - B-1
P142 - | 157 - - B-1
P143 - 158 - - B-1
P144 - 159 - - B-1
P145 - | 160 - - B-1

Remark SJ3-H:V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

(1) Port 14 register (P14)

After reset: O0H (output latch) R/W Address: FFFFF41CH

6 5 4 3 2 1 0
Pla | o | o | Pas | p1aa | P14z | P42 | P14t | Prao |
P14n Output data control (in output mode) (n = 0 to 5)

0 Outputs 0.

1 Outputs 1.

Caution Be sure to clear bits 6 and 7 to “0”.

(2) Port 14 mode register (PM14)

Afterreset: FFH ~ R/W  Address: FFFFF43CH

7 6 5 4 3 2 1 0
PM14 [ 1 | 1 | PW145 | PM144 | PM143 | PM142 | PM141 | PM140 |
PM14n 1/0O mode control (n = 0 to 5)

0 Output mode

1 Input mode

Caution Be sure to set bits 6 and 7 to “1”.
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4.3.13 Port 15 (V850E/SK3-H only)
Port 15 is a 6-bit port for which I/O settings can be controlled in 1-bit units.
Port 15 includes the following alternate-function pins.

Table 4-18. Port 15 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
P150 - 93 | RXDA1/KR7 Input | N-ch open-drain output selectable E-4
P151 - 94 | TXDA1 Output E-2
P152 - 95 | INTP9 Input L-1
P153 - 96 | INTP6 Input L-1

Caution The P150, P152, and P153 pins have hysteresis characteristics in the input mode of the alternate-
function pin, but do not have the hysteresis characteristics in the port mode.

Remark SJ3-H:V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

(1) Port 15 register (P15)

After reset: 00H (output latch) R/W Address: FFFFF41EH

4 3 2 1 0
P5s [ o | o | o | o | P53 | pis2 | P51 | P50 |
P15n Output data control (in output mode) (n = 0 to 3)

0 Outputs 0.

1 Outputs 1.

Caution Be sure to clear bits 4 to 7 to “0”.

(2) Port 15 mode register (PM15)

After reset: FFH R/W Address: FFFFF43EH

7 6 5 4 3 2 ! 0
Pmis [ 1 [ 1 | 1 | 1 | Pmis3 | Pm152 | PMi51 | PM150 |
PM15n 1/0O mode control (n =0 to 3)

0 Output mode

1 Input mode

Caution Be sure to set bits 4 to 7 to “1”.
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(3) Port 15 mode control register (PMC15)

After reset: 00H R/W Address: FFFFF45EH

4 3 2 1 0
Pmcis | o | o | o | o |pmcis3]pmcis2 |PMcCist | Pmciso |

PMC153 Specification of P153 pin operation mode

0 1/0 port

1 INTP6 input
PMC152 Specification of P152 pin operation mode

0 1/O port

1 INTP9 input
PMC151 Specification of P151 pin operation mode

0 1/0 port

1 TXDAT1 output
PMC150 Specification of P150 pin operation mode

0 1/O port

1 RXDA1 input/KR7 inputh°te

Note The RXDA1 and KR7 pins must not be used at the same time. When using the RXDA1 pin, do
not use the KR7 pin (clear the KRM.KRM7 bit to 0). When using the KR7 pin, do not use the
RXDA1 pin (clear the UA1CTL0.UA1RXE bit to 0).

Caution Be sure to clear bits 4 to 7 to “0”.

(4) Port 15 function register (PF15)

After reset: 00H R/W Address: FFFFFC7EH

6 5 4 3 2 1 0
PFis | o | o | o | o | PFis3 | PF152 | PF151 | PF150 |
PF15n Control of normal output or N-ch open-drain output (n = 0 to 3)

0 Normal output (CMOS output)

1 N-ch open-drain output

Cautions 1. To pull up an output pin at EVop or higher, be sure to set the appropriate PF15n bit
to1.
2. Be sure to clear bits 4 to 7 to “0”.
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4.3.14 Port CD
Port CD is a 4-bit port for which I/O settings can be controlled in 1-bit units.
Port CD includes the following alternate-function pins.

Table 4-19. Port CD Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 110 Remark Block Type
SJ3-H|SK3-H
GJ | GM
PCDO 77 97 | RXDBO Input - F-1
PCD1 78 98 | TXDBO Output F-2
PCD2 79 99 | RXDB1 Input F-1
PCD3 80 | 100 | TXDB1 Output F-2

Caution The PCDO and PCD2 pins have hysteresis characteristics in the input mode of the alternate-
function pin, but do not have the hysteresis characteristics in the port mode.

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

(1) Port CD register (PCD)

After reset: 00H (output latch) R/W Address: FFFFFOOEH

4 3 2 1 0
pco [ o | o | o | o | pcps | pcoz | PcD1 | PCDO |
PCDn Output data control (in output mode) (n = 0 to 3)
0 Outputs 0.
1 Qutputs 1.

Caution Be sure to clear bits 4 to 7 to “0”.

(2) Port CD mode register (PMCD)

After reset: FFH R/W Address: FFFFFO2EH

7 6 5 4 3 2 1 0
pmco | 1 | 1 | 1 | 1 | Pmcps]|pPmcoz | PMCD1 | PMCDO |
PMCDn I/0 mode control (n = 0 to 3)

0 Output mode

1 Input mode

Caution Be sure to set bits 4 to 7 to “1”.
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(3) Port CD mode control register (PMCCD)

After reset: 00H R/W Address: FFFFFO4EH

6 5 4 3 2 ! 0
PmccD | o | o | o | o |PMccD3|PMCCD2|PMCCD1|PMCCDO
PMCCD3 Specification of PCD3 pin operation mode
0 I/0 port

1 TXDB1 output

PMCCD2 Specification of PCD2 pin operation mode
0 I/O port
1 RXDB1 input

PMCCD1 Specification of PCD1 pin operation mode
0 1/O port
1 TXDBO output

PMCCDO Specification of PCDO pin operation mode
0 1/O port
1 RXDBO input

Caution Be sure to clear bits 4 to 7 to “0”.

(4) Port CD function control register (PFCCD)

After reset: 00H R/W Address: FFFFF04FH

7 6 5 4 3 2 1 0
Prcco [ o | o | o | o |prccps|PFceb2 |PFCeD1 | PFCCDO|
PFCCD3 Specification of PCD3 pin alternate function

0 Setting prohibited
1 TXDB1 input

PFCCD2 Specification of PCD2 pin alternate function

0 Setting prohibited
1 RXDB1 input

PFCCD1 Specification of PCD1 pin alternate function

0 Setting prohibited
1 TXDBO output

PFCCDO Specification of PCDO pin alternate function

0 Setting prohibited
1 RXDBO input

Caution Be sure to clear bits 4 to 7 to “0”.
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4.3.15 Port CM
Port CM is a 6-bit port for which 1/O settings can be controlled in 1-bit units.
Port CM includes the following alternate-function pins.

Table 4-20. Port CM Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 1/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
PCMO 85 | 105 | WAIT Input - D-1
PCM1 86 | 106 | CLKOUT Output D-2
PCM2 87 | 107 | HLDAK Output D-2
PCM3 88 | 108 | HLDRQ Input D-1
PCM4 89 | 109 - - B-1
PCM5 90 | 110 - - B-1
Remark SJ3-H: V850E/SJ3-H

SK3-H: V850E/SK3-H

GJ (VB50E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)

GM (V850E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

(1) Port CM register (PCM)
After reset: 00H (output latch) R/W Address: FFFFFOOCH
6 5 4 3 2 1 0
peM | o | o | pows | pcma | Pcms | pom2 | pomi | powmo |
PCMn Output data control (in output mode) (n =0 to 5)
0 Qutputs 0.
1 Outputs 1.

(2) Port CM mode register (PMCM)

After reset: FFH R/W Address: FFFFF02CH
7 6 5 4 3 2 ! 0
PMcM | 1 | 1 | PMCMs | PMCM4 | PMCM3 | PMCM2 | PMCM1 | PMCMO |

PMCMn I/0 mode control (n = 0 to 5)

0 Output mode

1 Input mode
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(3) Port CM mode control register (PMCCM)

After reset: 00H

R/W Address: FFFFF04CH

5 4 3 2 1 0
PMCCM [ 0 o | o | o |pmccms/Pmccmz|Pmcemi|PMcemol

PMCCMS3 Specification of PCM3 pin operation mode

0 I/O port

1 HLDRQ input
PMCCM2 Specification of PCM2 pin operation mode

0 I/O port

1 HLDAK output
PMCCM1 Specification of PCM1 pin operation mode

0 I/0 port

1 CLKOUT output
PMCCMO Specification of PCMO pin operation mode

0 I/O port

1 WAIT input
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4.3.16 Port CS
Port CS is an 8-bit port for which 1/O settings can be controlled in 1-bit units.
Port CS includes the following alternate-function pins.

Table 4-21. Port CS Alternate-Function Pins
Pin Name Pin No. Alternate-Function Pin Name 110 Remark Block Type
SJ3-H|SK3-H
GJ | GM
PCS0 81 101 - - - B-1
PCS1 82 | 102 | CS1 Output D-2
PCS2 83 | 103 | CS2 Output D-2
PCS3 84 | 104 | CS3 Output D-2
PCS4 91 111 - - B-1
PCS5 92 | 112 - - B-1
PCS6 93 113 - - B-1
PCS7 94 | 114 - - B-1

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB50E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

(1) Port CS register (PCS)

After reset: 00H (output latch)

7

6

R/W Address: FFFFFOO8H

5 4 3 2 1 0

Pcs | Pcs7 | pcse | Pcss | pcss | pesa | pesz | pest | Peso |

PCSn

Output data control (in output mode) (n =0 to 7)

0

Outputs 0.

1

Qutputs 1.

(2) Port CS mode register (PMCS)

After reset: FFH

7

R/W Address: FFFFF028H

6

5 4 3 2 1 0

PMCS | PMCS7 | PMCS6 | PMCS5 | PMCS4 | PMCS3 | PMCS2 | PMCS1 | PMCSO |

PMCSn

1/0 mode control (n =0 to 7)

0

Output mode

1

Input mode
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(3) Port CS mode control register (PMCCS)

After reset: O0H R/W Address: FFFFF048H

7 6 5 4 3 2 1
Pmccs | o | o | o | o |pmccss|pmccsz|pmccst]
PMCCS3 Specification of PCS3 pin operation mode
0 1/0 port

1 CS3 output

PMCCS2 Specification of PCS2 pin operation mode

0 1/0 port

1 CS2 output

PMCCSH1 Specification of PCS1 pin operation mode

0 1/0 port

1 CS1 output

Caution Be sure to clear bits 0 and 4 to 7 to “0”.
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4.3.17 PortCT
Port CT is an 8-bit port for which 1/0 settings can be controlled in 1-bit units.
Port CT includes the following alternate-function pins.

Table 4-22. Port CT Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 110 Remark Block Type
SJ3-H|SK3-H
GJ | GM
PCTO 95 | 115 | WRO Output - D-2
PCT1 96 | 116 | WR1 Output D-2
PCT2 97 117 - - B-1
PCT3 98 118 - - B-1
PCT4 99 | 119 |RD Output D-2
PCT5 100 | 120 - - B-1
PCT6 101 121 | ASTB Output D-2
PCT7 102 | 122 - - B-1
Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB50E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
(1) Port CT register (PCT)
After reset: 00H (output latch) R/W Address: FFFFFOOAH
7 6 5 4 3 2 1 0

pct | pct7 | pcte | pcts | peta | PeTs | P2 | PeTt | PCTO |

PCTn

Output data control (in output mode) (n = 0 to 7)

0

Outputs 0.

1

Qutputs 1.

(2) Port CT mode register (PMCT)

After reset: FFH

7

R/W Address: FFFFF02AH

6

5 4

3 2 1 0

PMCT | PMCT7 | PMCT6 | PMCT5 | PMCT4 | PMCT3 | PMCT2 | PMCT1 | PMCTO |

PMCTn

I/0O mode control (n=0to 7)

0

Output mode

1

Input mode
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(3) Port CT mode control register (PMCCT)

After reset: 00H R/W Address: FFFFF04AH

7 6 5 4 3 2 i 0
PmccT [ o [pmccte] o |pmccta) o | o [PmccTt|PmccTo|
PMCCT6 Specification of PCT6 pin operation mode
0 1/0 port

1 ASTB output

PMCCT4 Specification of PCT4 pin operation mode
0 1/0 port
1 RD output

PMCCT1 Specification of PCT1 pin operation mode
0 1/0 port
1 WR1 output

PMCCTO Specification of PCTO pin operation mode
0 1/0 port
1 WRO output
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4.3.18 Port DH
Port DH is an 8-bit port for which I/O settings can be controlled in 1-bit units.
Port DH includes the following alternate-function pins.

Table 4-23. Port DH Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 110 Remark Block Type
SJ3-H|SK3-H
GJ | GM
PDHO 121 | 145 | A16 Output - D-2
PDH1 122 | 146 | A17 Output D-2
PDH2 123 | 147 | A18 Output D-2
PDH3 124 | 148 | A19 Output D-2
PDH4 125 | 149 | A20 Output D-2
PDH5 126 | 150 | A21 Output D-2
PDH6 127 | 151 | A22 Output D-2
PDH7 128 | 152 | A23 Output D-2

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (V850E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB50E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)

(1) Port DH register (PDH)

After reset: 00H (output latch)

7

6

R/W Address: FFFFFO06H

5 4 3 2

1 0

PDH | PDH7 | PDH6 | PDH5 | PDH4 | PDH3 | PDH2 | PDH1 | PDHo |

PDHn

Output data control (in output mode) (n =0 to 7)

0

Outputs 0.

1

Outputs 1.

(2) Port DH mode register (PMDH)

After reset: FFH

7

R/W Address: FFFFF026H

6

5 4 3 2

1 0

PMDH | PMDH7 | PMDH6 | PMDHS | PMDH4 | PMDH3 | PMDH2 | PMDH1 | PMDHO |

PMDHn

I/0 mode control (n =0 to 7)

0

Output mode

1

Input mode
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(3) Port DH mode control register (PMCDH)

After reset: 00H

7

R/W

6

Address: FFFFF046H

5 4 3 2 1 0

PMCDH | PMCDH?| PMCDH6| PMCDHS| PMCDH4 | PMCDH3| PMCDH2 | PMCDH1 | PMCDHO|

PMCDHn

Specification of PDHn pin operation mode (n =0 to 7)

0

1/0 port

1

Am output (address bus output) (m = 16 to 23)
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4.3.19 Port DL
Port DL is a 16-bit port for which 1/O settings can be controlled in 1-bit units.
Port DL includes the following alternate-function pins.

Table 4-24. Port DL Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 1/0 Remark Block Type
SJ3-H|SK3-H
GJ | GM
PDLO 105 | 129 | ADO 1/0 - D-3
PDL1 106 | 130 | AD1 110 D-3
PDL2 107 | 131 | AD2 1/0 D-3
PDL3 108 | 132 | AD3 /0 D-3
PDL4 109 | 133 | AD4 /0 D-3
PDL5 110 | 134 | AD5/FLMD1"™* /0 D-3
PDL6 111 135 | AD6 /0 D-3
PDL7 112 | 136 | AD7 1/0 D-3
PDL8 113 | 137 | AD8 110 D-3
PDL9 114 | 138 | AD9 1/0 D-3
PDL10 115 | 139 | AD10 1/0 D-3
PDL11 116 | 140 | AD11 /0 D-3
PDL12 117 | 141 | AD12 1/0 D-3
PDL13 118 | 142 | AD13 1/0 D-3
PDL14 119 | 143 | AD14 1/0 D-3
PDL15 120 | 144 | AD15 110 D-3

Note Since this pin is set in the flash memory programming mode, it does not need to be manipulated with the
port control register. For details, see CHAPTER 32 FLASH MEMORY.

Remark SJ3-H: V850E/SJ3-H
SK3-H: V850E/SK3-H
GJ (VB50E/SJ3-H): 144-pin plastic LQFP (fine pitch) (20 x 20)
GM (VB50E/SK3-H): 176-pin plastic LQFP (fine pitch) (24 x 24)
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(1) Port DL register (PDL)

After reset: 0000H (output latch) R/W Address: PDL FFFFFO04H,
PDLL FFFFF004H, PDLH FFFFFOO5H

15 14 13 12 1 10 9 8
PDL (PDLH) | PDL15 | PDL14 | PDL13 | PDL12 | PDL11 | PDL10 | PDLO | PDL8 |

7 6 5 4 3 2 1 0
(POLL) | PDL7 | PDL6 | PDLs | PDL4 | PDL3 | PDL2 | PDL1 | PDLO |

PDLn Output data control (in output mode) (n =0 to 15)
0 Outputs 0.
1 Outputs 1.

Remarks 1. The PDL register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PDL register as the PDLH register and the
lower 8 bits as the PDLL register, PDL can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PDL register in 8-bit or 1-bit units, specify them as bits 0
to 7 of the PDLH register.

(2) Port DL mode register (PMDL)

After reset: FFFFH R/W Address: PMDL FFFFF024H,
PMDLL FFFFF024H, PMDLH FFFFF025H

15 14 13 12 11 10 9 8
PMDL (PMDLH) | PMDL15| PMDL14 | PMDL13| PMDL12 | PMDL11|PMDL10 | PMDLY | PMDLS |

7 6 5 4 3 2 1 0
(PMDLL) | PMDL7 | PMDL6 | PMDLS | PMDL4 | PMDL3 | PMDL2 | PMDL1 | PMDLO |

PMDLn 1/0 mode control (n =0 to 15)

0 Output mode

1 Input mode

Remarks 1. The PMDL register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMDL register as the PMDLH register and
the lower 8 bits as the PMDLL register, PMDL can be read or written in 8-bit or 1-bit
units.
2. To read/write bits 8 to 15 of the PMDL register in 8-bit or 1-bit units, specify them as bits
0 to 7 of the PMDLH register.
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(3) Port DL mode control register (PMCDL)

After reset: 0000H R/W Address: PMCDL FFFFF044H,
PMCDLL FFFFF044H, PMCDLH FFFFF045H

15 14 13 12 11 10 9 8
PMCDL (PMCDLH)  [PMCDL15/PMCDL14PMCDL13/PMCDL12|PMCDL11PMCDL10] PMCDL9 | PMCDLS |

7 6 5 4 3 2 1 0
(PMCDLL) | PMCDL7| PMCDL6| PMCDL5| PMCDL4 | PMCDL3|PMCDL2 | PMCDL1 | PMCDLO|

PMCDLn Specification of PDLn pin operation mode (n = 0 to 15)
0 I/O port
1 ADn /O (address/data bus 1/O)

Caution When the EXIMC.SMSEL bit = 1 (separate mode) and the BSC.BS30 to BSC.BS00 bits
= 0 (8-bit bus width), do not specify the AD8 to AD15 pins.

Remarks 1. The PMCDL register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMCDL register as the PMCDLH register
and the lower 8 bits as the PMCDLL register, PMCDL can be read or written in 8-bit or 1-
bit units.
2. To read/write bits 8 to 15 of the PMCDL register in 8-bit or 1-bit units, specify them as bits
0 to 7 of the PMCDLH register.
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CHAPTER 4 PORT FUNCTIONS

4.4 Block Diagrams

Figure 4-4. Block Diagram of Type A-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-5. Block Diagram of Type A-2
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Figure 4-6. Block Diagram of Type B-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-7. Block Diagram of Type C-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-8. Block Diagram of Type D-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-9. Block Diagram of Type D-2
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CHAPTER 4 PORT FUNCTIONS

Figure 4-10. Block Diagram of Type D-3
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CHAPTER 4 PORT FUNCTIONS

Figure 4-11. Block Diagram of Type E-1
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Figure 4-12. Block Diagram of Type E-2
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CHAPTER 4 PORT FUNCTIONS

Figure 4-13. Block Diagram of Type E-3
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CHAPTER 4 PORT FUNCTIONS

Figure 4-14. Block Diagram of Type E-4
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Figure 4-15. Block Diagram of Type F-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-16. Block Diagram of Type F-2
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CHAPTER 4 PORT FUNCTIONS

Figure 4-17. Block Diagram of Type G-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-18. Block Diagram of Type G-2
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CHAPTER 4 PORT FUNCTIONS

Figure 4-19. Block Diagram of Type G-3
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CHAPTER 4 PORT FUNCTIONS

Figure 4-20. Block Diagram of Type G-4
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Figure 4-21. Block Diagram of Type G-5
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CHAPTER 4 PORT FUNCTIONS

Figure 4-22. Block Diagram of Type G-6

WRer
M\
PFmn
WRrFc
PFCmn }
WRpmc
PMCmn :
» WRem
3
o]
g
© PMmn
=
Output signal 1 when =
alternate function is used 2 EVoo
8 M
Output signal 2 when & .
alternate function is used el e
3 P-ch
WRPpoRT g
i »—O Pmn
Pmn
@4 N
§ EVss
[$]
@
aV, &
T 5 [
Address % Note
? ¢
*—

D
L/

RD Input signal when
alternate function is used

Note Hysteresis characteristics are not available in port mode.

224 User's Manual U19201EJ3VOUD
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<R>

Figure 4-23. Block Diagram of Type G-7
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CHAPTER 4 PORT FUNCTIONS

Figure 4-24. Block Diagram of Type L-1
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Notes 1. See 24.6 External Interrupt Request Input Pins (NMI and INTPO to INTP9).
2. Hysteresis characteristics are not available in port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-25. Block Diagram of Type N-1
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Figure 4-26. Block Diagram of Type N-2
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Notes 1. See 24.6 External Interrupt Request Input Pins (NMI and INTPO to INTP9).
2. Hysteresis characteristics are not available in port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-27. Block Diagram of Type N-3
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Figure 4-28. Block Diagram of Type
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2. Hysteresis characteristics are not available in port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-29. Block Diagram of Type U-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-30. Block Diagram of Type U-2
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CHAPTER 4 PORT FUNCTIONS

Figure 4-31. Block Diagram of Type U-3
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Figure 4-32. Block Diagram of Type U-4
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CHAPTER 4 PORT FUNCTIONS

Figure 4-33. Block Diagram of Type U-5
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Figure 4-34. Block Diagram of Type U-6
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Figure 4-35. Block Diagram of Type U-7
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CHAPTER 4 PORT FUNCTIONS

Figure 4-36. Block Diagram of Type U-8
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Figure 4-37. Block Diagram of Type U-9
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CHAPTER 4 PORT FUNCTIONS

Figure 4-38. Block Diagram of Type U-10
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CHAPTER 4 PORT FUNCTIONS

Figure 4-39. Block Diagram of Type U-
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CHAPTER 4 PORT FUNCTIONS

Figure 4-40. Block Diagram of Type U-12
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CHAPTER 4 PORT FUNCTIONS

Figure 4-41. Block Diagram of Type U-13
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Figure 4-42. Block Diagram of Type U-14
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CHAPTER 4 PORT FUNCTIONS

Figure 4-43. Block Diagram of Type U-15
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2. Hysteresis characteristics are not available in port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-44. Block Diagram of Type U-16
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Note Hysteresis characteristics are not available in port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-45. Block Diagram of Type U-17
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CHAPTER 4 PORT FUNCTIONS

Figure 4-46. Block Diagram of Type U-18
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CHAPTER 4 PORT FUNCTIONS

Figure 4-47. Block Diagram of Type U-19
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CHAPTER 4 PORT FUNCTIONS

Figure 4-48. Block Diagram of Type U-20
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Notes 1. See 24.6 External Interrupt Request Input Pins (NMI and INTPO to INTP9).
2. Hysteresis characteristics are not available in port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-49. Block Diagram of Type U-21
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CHAPTER 4 PORT FUNCTIONS

Figure 4-50. Block Diagram of Type U-22
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CHAPTER 4 PORT FUNCTIONS

Figure 4-51. Block Diagram of Type U-23
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CHAPTER 4 PORT FUNCTIONS

Figure 4-52. Block Diagram of Type U-24
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CHAPTER 4 PORT FUNCTIONS

Figure 4-53. Block Diagram of Type U-25
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CHAPTER 4 PORT FUNCTIONS

Figure 4-54. Block Diagram of Type U-26
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See 24.6 External Interrupt Request Input Pins (NMI and INTPO to INTP9).
Hysteresis characteristics are not available in port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-55. Block Diagram of Type U-27
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CHAPTER 4 PORT FUNCTIONS

Figure 4-56. Block Diagram of Type U-28
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CHAPTER 4 PORT FUNCTIONS

Figure 4-57. Block Diagram of Type U-29
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CHAPTER 4 PORT FUNCTIONS

Figure 4-58. Block Diagram of Type U-30
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CHAPTER 4 PORT FUNCTIONS

Figure 4-59. Block Diagram of Type U-31
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CHAPTER 4 PORT FUNCTIONS

Figure 4-60. Block Diagram of Type U-32
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CHAPTER 4 PORT FUNCTIONS

Figure 4-61. Block Diagram of Type U-33
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Notes 1. See 24.6 External Interrupt Request Input Pins (NMI and INTPO to INTP9).
2. Hysteresis characteristics are not available in port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-62. Block Diagram of Type U-34
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CHAPTER 4 PORT FUNCTIONS

<R> Figure 4-63. Block Diagram of Type U-35
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Notes 1. See 24.6 External Interrupt Request Input Pins (NMI and INTPO to INTP9).
2. Hysteresis characteristics are not available in port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-64. Block Diagram of Type U-36
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CHAPTER 4 PORT FUNCTIONS

<R> Figure 4-65. Block Diagram of Type U-37
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CHAPTER 4 PORT FUNCTIONS

<R> Figure 4-66. Block Diagram of Type U-38
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CHAPTER 4 PORT FUNCTIONS

Figure 4-67. Block Diagram of Type AA-1
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Notes 1. See 24.6 External Interrupt Request Input Pins (NMI and INTPO to INTP9).
2. Hysteresis characteristics are not available in port mode.
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CHAPTER 4 PORT FUNCTIONS

4.5 Port Register Settings When Alternate Function Is Used

Table 4-25 shows the port register settings when each port is used for an alternate function. When using a port pin
as an alternate-function pin, refer to the description of each pin.
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Table 4-25. Using Port Pin as Alternate-Function Pin (1/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)

P00 TIP61 Input P00 = Setting not required PMOO = Setting not required | PMCO00 = 1 PFCEOO = 0"** PFC00=0

TOP61 Output P00 = Setting not required PMOO = Setting not required | PMCO00 = 1 PFCEO0 = 0"** PFCO00 = 1

SDA04""* | 1/0 P00 = Setting not required | PMO0O = Setting not required | PMCO0 = 1 PFCEOQQ = 1"** PFC00 =0 PF00 (PFO) = 1
PO1 TIP60 Input P01 = Setting not required | PMO01 = Setting not required | PMCO1 = 1 PFCEO1 = 0"*° PFC01=0

TOP60 Output P01 = Setting not required | PMO01 = Setting not required | PMCO01 = 1 PFCEO1 = 0"** PFCO1 =1

SCL04™"°* | 1/0 P01 = Setting not required PMO1 = Setting not required | PMCO1 =1 PFCEO1 =1 PFCO01=0 PFO1 (PFO) =1
P02 NMI Input P02 = Setting not required PMO02 = Setting not required | PMCO02 = 1 - -
P03 INTPO Input P03 = Setting not required PMO3 = Setting not required | PMCO03 = 1 - PFC03=0

ADTRG Input P03 = Setting not required PMO03 = Setting not required | PMCO3 = 1 - PFC03 =1
P04 INTP1 Input P04 = Setting not required PMO04 = Setting not required | PMCO04 = 1 - -
P05 INTP2 Input P05 = Setting not required PMO5 = Setting not required | PMCO05 = 1 - -

DRST Input P05 = Setting not required PMO5 = Setting not required | PMCO5 = Setting not required - - OCDMO (OCDM) = 1
P06 INTP3 Input P06 = Setting not required PMO06 = Setting not required | PMCO06 = 1 - -
P10 ANOO Output P10 = Setting not required PM10 =1 - - -
P11 ANO1 Output P11 = Setting not required PM11 =1 - - -
p2g"*’ SDA04"™ " | 1/0 P20 = Setting not required | PM20 = Setting not required | PM20 = 1 - - PF20 (PF2) = 1
p21tee! SCLO4™"" | 1/0 P21 = Setting not required | PM21 = Setting not required | PM21 =1 - - PF21 (PF2) = 1
P30 TXDAO Output P30 = Setting not required PM30 = Setting not required | PMC30 = 1 - PFC30=0

SOB4 Output P30 = Setting not required PM30 = Setting not required | PMC30 = 1 - PFC30 =1

Notes 1. Valid for the V850E/SK3-H only.
2. The SDA04 and SCLO4 pins are not included in the #PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).
3. This setting is valid in products other than the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).
This setting cannot be specified in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).
Caution Between the P10 and P11 pins, when one pin is used as the I/O port, and the other pin is used as the D/A output pin (ANOO, ANO1), make sure

that the port I/0O level does not change during D/A output.
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Table 4-25. Using Port Pin as Alternate-Function Pin (2/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P31 RXDAO Input P31 = Setting not required PM31 = Setting not required | PMC31 = 1 - Note 3, PFC31 =0
INTP7 Input P31 = Setting not required PM31 = Setting not required | PMC31 =1 - Note 3, PFC31 =0
SiB4 Input P31 = Setting not required PM31 = Setting not required | PMC31 = 1 - PFC31 =1
P32 ASCKAO0 Input P32 = Setting not required PM32 = Setting not required | PMC32 = 1 PFCE32=0 PFC32=0
SCKB4 I/0 P32 = Setting not required PM32 = Setting not required | PMC32 = 1 PFCE32=0 PFC32 =1
TIPOO Input P32 = Setting not required PM32 = Setting not required | PMC32 = 1 PFCE32 =1 PFC32=0
TOPOO Output P32 = Setting not required PM32 = Setting not required | PMC32 = 1 PFCE32 =1 PFC32 =1
P33 TIPO1 Input P33 = Setting not required PM33 = Setting not required | PMC33 = 1 PFCE33=0 PFC33=0
TOPO1 Output P33 = Setting not required PM33 = Setting not required | PMC33 = 1 PFCE33=0 PFC33=1
CTXD1"™"" | Output P33 = Setting not required | PM33 = Setting not required | PMC33 = 1 PFCE33 =1 PFC33=0
P34 TIP10 Input P34 = Setting not required PM34 = Setting not required | PMC34 = 1 PFCE34 =0 PFC34 =0
TOP10 Output P34 = Setting not required PM34 = Setting not required | PMC34 = 1 PFCE34 =0 PFC34 =1
CRXD1"™"" | Input P34 = Setting not required | PM34 = Setting not required | PMC34 = 1 PFCE34 =1 PFC34=0
P35 TIP11 Input P35 = Setting not required PM35 = Setting not required | PMC35 = 1 - PFC35=0
TOP11 Output P35 = Setting not required PM35 = Setting not required | PMC35 = 1 - PFC35=1
P36 CTXD0"™"*? | Output P36 = Setting not required | PM36 = Setting not required | PMC36 = 1 - PFC36 =0
IETX0 Output P36 = Setting not required PM36 = Setting not required | PMC36 = 1 - PFC36 =1
P37 CRXDO0"™"*? | Input P37 = Setting not required PM37 = Setting not required | PMC37 = 1 - PFC37 =0
IERX0 Input P37 = Setting not required PM37 = Setting not required | PMC37 =1 - PFC37 =1
P38 TXDA2 Output P38 = Setting not required PM38 = Setting not required | PMC38 = 1 PFCE38 =0 PFC38=0
SDAOO 110 P38 = Setting not required PM38 = Setting not required | PMC38 = 1 PFCE38 =0 PFC38 =1 PF38 (PF3) =1
SiB2 Input P38 = Setting not required PM38 = Setting not required | PMC38 = 1 PFCES38 =1 PFC38=0
Notes 1. CAN controller (2-channel) version only
2. CAN controller version only
3. The INTP7 pin and RXDAO pin are alternate-function pins. When using the pin as the RXDAO pin, disable edge detection for the INTP7 alternate-function

pin. (Clear the INTF3.INTF31 bit and the INRT3.INTR31 bit to 0.)

UAOCTLO.UAORXE bit to 0.)

When using the pin as the INTP7 pin, stop UARTAO reception.

(Clear the
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Table 4-25. Using Port Pin as Alternate-Function Pin (3/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /O Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P39 RXDA2 Input P39 = Setting not required PM39 = Setting not required | PMC39 = 1 PFCE39 =0 PFC39=0
SCL00 /0 P39 = Setting not required PM39 = Setting not required | PMC39 = 1 PFCE39 =0 PFC39 =1 PF39 (PF3) =1
SCKB2 /0 P39 = Setting not required PM39 = Setting not required | PMC39 = 1 PFCE39 =1 PFC39=0
P310""* soB2"* Output P310 = Setting not required | PM310 = Setting not required| PMC310 = 1 PFCE310 =1 PFC310=0
P311™* TXDA2" | Output P311 = Setting not required | PM311 = Setting not required| PMC311 = 1 - -
p312™* RXDA2Y" | Input P312 = Setting not required | PM312 = Setting not required| PMC312 = 1 - -
P40 SIBO Input P40 = Setting not required PM40 = Setting not required | PMC40 = 1 - PFC40=0
SDAO1 110 P40 = Setting not required PM40 = Setting not required | PMC40 = 1 - PFC40 =1 PF40 (PF4) =1
P41 SOBO Qutput P41 = Setting not required PM41 = Setting not required | PMC41 = 1 - PFC41 =0
SCLO1 110 P41 = Setting not required PM41 = Setting not required | PMC41 = 1 - PFC41 =1 PF41 (PF4) =1
P42 SCKBO 110 P42 = Setting not required PM42 = Setting not required | PMC42 = 1 - PFC42=0
INTP2 Input P42 = Setting not required PM42 = Setting not required | PMC42 = 1 - PFC42 =1
P44"* 1ETX0"™" Output P44 = Setting not required PM44 = Setting not required | PMC44 = 1 - -
P45"* 1ERXQ"* Input P45 = Setting not required | PM45 = Setting not required | PMC45 = 1 - -
P50 KRO Input P50 = Setting not required PM50 = Setting not required | PMC50 = 1 PFCE50 =0 PFC50 =1 TQOIS3, TQOIS2 (TQOIOCT) = 00
TIQO1 Input P50 = Setting not required PM50 = Setting not required | PMC50 = 1 PFCE50 =0 PFC50 =1 KRMO (KRM) =0
TOQO1 Output P50 = Setting not required PM50 = Setting not required | PMC50 = 1 PFCE50 = 1 PFC50=0
RTPOO Output P50 = Setting not required PM50 = Setting not required | PMC50 = 1 PFCES50 = 1 PFC50 =1
P51 INTP7 Input P51 = Setting not required PM51 = Setting not required | PMC51 =1 PFCE51 =0 PFC51 =0
KR1 Input P51 = Setting not required PM51 = Setting not required | PMC51 = 1 PFCE51 =0 PFC51 =1 TQOIS5, TQOIS4 (TQOIOC1) = 00
TIQ02 Input P51 = Setting not required PM51 = Setting not required | PMC51 = 1 PFCE51 =0 PFC51 =1 KRM1 (KRM) =0
TOQO02 Output P51 = Setting not required PM51 = Setting not required | PMC51 =1 PFCE51 =1 PFC51 =0
RTPO1 Qutput P51 = Setting not required PM51 = Setting not required | PMC51 = 1 PFCE51 =1 PFC51 =1

Note Valid for the V850E/SK3-H only.
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Table 4-25. Using Port Pin as Alternate-Function Pin (4/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P52 KR2 Input P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 =0 PFC52 =1 TQOIS7, TQOIS6 (TQOIOC1) = 00
TIQ03 Input P52 = Setting not required PM52 = Setting not required | PMC52 = 1 PFCE52 =0 PFC52 =1 KRM2 (KRM) =0
TOQO03 Output P52 = Setting not required PM52 = Setting not required | PMC52 = 1 PFCE52 =1 PFC52=0
RTPO2 Output P52 = Setting not required PM52 = Setting not required | PMC52 = 1 PFCE52 =1 PFC52 =1
DDI Input P52 = Setting not required PM52 = Setting not required | PMC52 = Setting not required | PFCE52 = Setting not required | PFC52 = Setting not required | OCDMO (OCDM) = 1
P53 SiB2 Input P53 = Setting not required PM53 = Setting not required | PMC53 = 1 PFCE53 =0 PFC53=0
KR3 Input P53 = Setting not required PM53 = Setting not required | PMC53 = 1 PFCE53=0 PFC53 =1 TQOIS1, TQOISO (TQOIOCT) = 00,
TQOEES1, TQOEESO (TQ0IOC2) = 00,
TQOETS1, TQOETSO (TQOIOC2) = 00
TIQ00 Input P53 = Setting not required PM53 = Setting not required | PMC53 = 1 PFCE53 =0 PFC53 =1 KRM3 (KRM) =0
TOQO0 Input P53 = Setting not required PM53 = Setting not required | PMC53 = 1 PFCE53 =1 PFC53 =0
RTPO3 Output P53 = Setting not required PM53 = Setting not required | PMC53 = 1 PFCE53 =1 PFC53 =1
DDO Output P53 = Setting not required PM53 = Setting not required | PMC53 = Setting not required | PFCES53 = Setting not required | PFC53 = Setting not required | OCDMO (OCDM) = 1
P54 SOB2 Output P54 = Setting not required PM54 = Setting not required | PMC54 = 1 PFCE54 =0 PFC54 =0
KR4 Input P54 = Setting not required PM54 = Setting not required | PMC54 = 1 PFCE54 =0 PFC54 =1
RTPO4 Output P54 = Setting not required PM54 = Setting not required | PMC54 = 1 PFCE54 =1 PFC54 =1
DCK Input P54 = Setting not required PM54 = Setting not required | PMC54 = Setting not required | PFCE54 = Setting not required | PFC54 = Setting not required | OCDMO (OCDM) = 1
P55 SCKB2 1/0 P55 = Setting not required PMS55 = Setting not required | PMC55 = 1 PFCE55 =0 PFC55 =0
KR5 Input P55 = Setting not required PM55 = Setting not required | PMC55 = 1 PFCE55 =0 PFC55 =1
RTPO5 Output P55 = Setting not required PMS55 = Setting not required | PMC55 = 1 PFCE55 =1 PFC55 =1
DMS Input P55 = Setting not required PM55 = Setting not required | PMC55 = Setting not required | PFCES5 = Setting not required | PFC55 = Setting not required | OCDMO (OCDM) = 1
P56 RXDA4™" | Input P56 = Setting not required | PM56 = Setting not required | PMC56 = 1 - -
p57"* TXDA4™* | Output P57 = Setting not required | PM57 = Setting not required | PMC57 = 1 - -

Note Valid for the V850E/SK3-H only.
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<R> Table 4-25. Using Port Pin as Alternate-Function Pin (5/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name 1/O Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P60 RTP10 Output P60 = Setting not required | PM60 = Setting not required | PMC60 = 1 PFCE60 = 0"* PFC60 =0
RXDA4 Input P60 = Setting not required | PM60 = Setting not required | PMC60 = 1 PFCE60 = 0"** PFC60 = 1
SIEQ"™! Input P60 = Setting not required PM60 = Setting not required | PMC60 = 1 PFCE60 = 1"** PFC60 =0
P61 RTP11 Qutput P61 = Setting not required PM61 = Setting not required | PMC61 = 1 PFCE61 = 0"* PFC61 =0
TXDA4 Output P61 = Setting not required | PM61 = Setting not required | PMC61 = 1 PFCE61 = 0"** PFC61 =1
SOEQ0™"' | Output P61 = Setting not required PM61 = Setting not required | PMC61 = 1 PFCE61 = 1"** PFC61 = 0"**
P62 RTP12 Output P62 = Setting not required PM62 = Setting not required | PMC62 = 1 PFCE62 = 0"** PFC62 = 0"**?
SCKEQ™" | I/0 P62 = Setting not required | PM62 = Setting not required | PMC62 = 1 PFCE62 =1 PFC62 =0
P63 RTP13 Output P63 = Setting not required PM63 = Setting not required | PMC63 = 1 PFCE63 =0 PFC63 =0
SIE1"e! Input P63 = Setting not required | PM63 = Setting not required | PMC63 = 1 PFCE63 =0 PFC63 =1
KR4 Input P63 = Setting not required PM63 = Setting not required | PMC63 = 1 PFCE63 = 1 PFC63 =0
P64 RTP14 Output P64 = Setting not required PM64 = Setting not required | PMC64 = 1 PFCE64 =0 PFC64 =0
SOE1™*" | Output P64 = Setting not required | PM64 = Setting not required | PMC64 = 1 PFCE64 =0 PFC64 =1
KR5 Input P64 = Setting not required PM64 = Setting not required | PMC64 = 1 PFCE64 =1 PFC64 =0
P65 RTP15 Output P65 = Setting not required PM65 = Setting not required | PMCB5 = 1 PFCE65 =0 PFC65 =0
SCKE1"™*" | /0™ P65 = Setting not required | PM65 = Setting not required | PMC65 = 1 PFCE65 =0 PFC65 =1
KR2 Input P65 = Setting not required PM65 = Setting not required | PMC65 = 1 PFCE65 =1 PFC65 =0 TQOIS7, TQOIS6 (TQOIOCT) = 00
TIQ03 Input P65 = Setting not required PM65 = Setting not required | PMCB5 = 1 PFCE®65 = 1 PFC65 =0 KRM2 (KRM) =0
TOQO03 Output P65 = Setting not required PM65 = Setting not required | PMCB5 = 1 PFCE®65 = 1 PFC65 =1

Notes 1. These pins are not included in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).

2. This setting is valid in products other than the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).
This setting cannot be specified in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).
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<R> Table 4-25. Using Port Pin as Alternate-Function Pin (6/13)
Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P66 SIB5 Input P66 = Setting not required PM66 = Setting not required | PMC66 = 1 PFCE66 =0 PFC66 =0
INTP9 Input P66 = Setting not required PM66 = Setting not required | PMC66 = 1 PFCE66 =0 PFC66 = 1
KR3 Input P66 = Setting not required | PM66 = Setting not required | PMC66 = 1 PFCE66 = 1 PFC66 = 0 TQOIS1, TQOISO (TQOIOCT) = 00,
TQOEES1, TQOEESO (TQOIOC2) = 00,
TQOETS1, TQOETSO (TQOIOC2) = 00
TIQO00 Input P66 = Setting not required PM66 = Setting not required | PMC66 = 1 PFCE66 = 1 PFC66 =0 KRM3 (KRM) =0
TOQO0 Output P66 = Setting not required PM66 = Setting not required | PMC66 = 1 PFCE66 = 1 PFC66 = 1
P67 SOB5 Output P67 = Setting not required PM67 = Setting not required | PMC67 = 1 PFCE67 = 0"** PFC67 =0
RXDA5 Input P67 = Setting not required | PM67 = Setting not required | PMC67 = 1 PFCEG7 = 0"** PFC67 =1
SDA05™"" | I/O P67 = Setting not required PM67 = Setting not required | PMC67 = 1 PFCE67 =1 PFC67 =0 PF67 (PF6) =1
P68 SCKB5 I/0 P68 = Setting not required PM68 = Setting not required | PMC68 = 1 PFCE68 = 0"** PFC68 =0
TXDA5 Output P68 = Setting not required | PM68 = Setting not required | PMC68 = 1 PFCE68 = 0"** PFC68 =1
SCLO5™" " | 1/0 P68 = Setting not required | PM68 = Setting not required | PMC68 = 1 PFCEG8 = 1 PFC68 =0 PF68 (PF6) = 1
P69 TIP70 Input P69 = Setting not required PM69 = Setting not required | PMC69 = 1 PFCE69 =0 PFC69 =0
TOP70 Output P69 = Setting not required PM69 = Setting not required | PMC69 = 1 PFCE69 =0 PFC69 =1
TENC70 Input P69 = Setting not required PM69 = Setting not required | PMC69 = 1 PFCEG9 = 1 PFC69 =0
P610 TIP71 Input P610 = Setting not required | PM610 = Setting not required | PMC610 = 1 PFCE610=0 PFC610=0
TENC71 Input P610 = Setting not required | PM610 = Setting not required | PMC610 = 1 PFCE610 =1 PFC610 =0
P611 TOP71 Output P611 = Setting not required | PM611 = Setting not required | PMC611 = 1 PFCE611=0 PFC611 =0
TECR7 Input P611 = Setting not required | PM611 = Setting not required | PMC611 = 1 PFCE611 =1 PFC611 =0
P612 TIP80 Input P612 = Setting not required | PM612 = Setting not required | PMC612 = 1 PFCE612=0 PFC612 =0
TOP80 Output P612 = Setting not required | PM612 = Setting not required | PMC612 = 1 PFCE612=0 PFC612 =1
TENC80 Input P612 = Setting not required | PM612 = Setting not required | PMC612 = 1 PFCE612 =1 PFC612=0

Notes 1. These pins are not included in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).

2. This setting is valid in products other than the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).
This setting cannot be specified in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H).

SNOILONNd 1HOd ¥ H31dVHO



dNOAEr3 026N [enue sJesn

lle

Table 4-25. Using Port Pin as Alternate-Function Pin (7/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /O Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P613 TIP81 Input P613 = Setting not required | PM613 = Setting not required | PMC613 = 1 PFCE613=0 PFC613 =0
TOP81 Output P613 = Setting not required | PM613 = Setting not required | PMC613 = 1 PFCE613=0 PFC613 =1
TENCS81 Input P613 = Setting not required | PM613 = Setting not required | PMC613 = 1 PFCE613 =1 PFC613 =0
P614 SDAO3 /0 P614 = Setting not required | PM614 = Setting not required | PMC614 = 1 PFCE614=0 PFC614 =0 PF614 (PF6) =1
TECR8 Input P614 = Setting not required | PM614 = Setting not required | PMC614 = 1 PFCE614 =1 PFC614 =0
P615 SCLO03 1/0 P615 = Setting not required | PM615 = Setting not required | PMC615 = 1 - - PF615 (PF6) = 1
P70 ANIO Input P70 = Setting not required PM70 =1 - - -
P71 ANI1 Input P71 = Setting not required PM71 =1 - - -
P72 ANI2 Input P72 = Setting not required PM72 =1 - - -
P73 ANI3 Input P73 = Setting not required PM73 =1 - - -
P74 ANI4 Input P74 = Setting not required PM74 =1 - - -
P75 ANI5 Input P75 = Setting not required PM75 =1 - - -
P76 ANI6 Input P76 = Setting not required PM76 =1 - - -
P77 ANI7 Input P77 = Setting not required PM77 =1 - - -
P78 ANI8 Input P78 = Setting not required PM78 =1 - - -
P79 ANI9 Input P79 = Setting not required PM79 =1 - - -
P710 ANI10 Input P710 = Setting not required | PM710 =1 - - -
P711 ANI11 Input P711 = Setting not required | PM711 =1 - - -
P712 ANI12 Input P712 = Setting not required | PM712 =1 - - -
P713 ANI13 Input P713 = Setting not required | PM713 =1 - - -
P714 ANI14 Input P714 = Setting not required | PM714 =1 - - -
P715 ANI15 Input P715 = Setting not required | PM715 =1 - - -
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Table 4-25. Using Port Pin as Alternate-Function Pin (8/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name 1/0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P80 RXDA3 Input P80 = Setting not required PM80 = Setting not required | PMC80 = 1 PFCE80 =0 PFC80 =0 Note 2
INTP8 Input P80 = Setting not required PM80 = Setting not required | PMC80 = 1 PFCE80 =0 PFC80 =0 Note 2
RC1CK1HZ | Output P80 = Setting not required PMB80 = Setting not required | PMC80 = 1 PFCES80 = 1 PFC80 =0
P81 TXDA3 Qutput P81 = Setting not required PM81 = Setting not required | PMC81 = 1 PFCE81 =0 PFC81 =0
RC1CKO Output P81 = Setting not required | PM81 = Setting not required | PMC81 = 1 PFCE81 =1 PFC81=0 RC1CC3.CLOE2 bit=0
RC1CKDIV | Output P81 = Setting not required PM81 = Setting not required | PMC81 = 1 PFCE81 =1 PFC81 =0 RC1CC1.CLOEOQ bit=0
pgae! SDA05""" 1/0 P82 = Setting not required PM82 = Setting not required | PMC82 = 1 - - PF82 (PF8) =1
pg3"! SCLO5"™ "' /0 P83 = Setting not required | PM83 = Setting not required | PMC83 = 1 - - PF83 (PF8) = 1
pPggtr! RXDA5"*" | Input P84 = Setting not required | PM84 = Setting not required | PMC84 = 1 - -
pgs5**! TXDA5"™' Output P85 = Setting not required PMB85 = Setting not required | PMC85 = 1 - -
P90 AO Output P90 = Setting not required PM90 = Setting not required | PMC90 = 1 PFCE90 =0 PFC90 =0 Note 3
KR6 Input P90 = Setting not required PM90 = Setting not required | PMC90 = 1 PFCE90 =0 PFC90 =1
TXDA1 Output P90 = Setting not required PMQ0 = Setting not required | PMC90 = 1 PFCE90 = 1 PFC90 =0
SDA02 110 P90 = Setting not required PM90 = Setting not required | PMC90 = 1 PFCEQ0 =1 PFC90 = 1 PF90 (PF9) =1

Notes 1. Valid for the V850E/SK3-H only.

2. The INTP8 pin and RXDAS pin are alternate-function pins. When using the pin as the RXDA3 pin, disable edge detection for the INTP8 alternate-function
pin. (Clear the INTF8.INTF80 bit and the INTR8.INTR80 bit to 0.) When using the pin as the INTP8 pin, stop UARTAS3 reception. (Clear the
UA3CTLO.UA3RXE bit to 0.)

3. Port 9 pins cannot be used as port pins or other alternate-function pins if even one of the A0 to A15 pins is used in the separate bus mode. After setting the
PFC9 and PFCED9 registers to 0000H, therefore, set all 16 bits of the PMC9 register to FFFFH at once.
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Table 4-25. Using Port Pin as Alternate-Function Pin (9/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)

P91 A1l Output P91 = Setting not required PM91 = Setting not required | PMC91 =1 PFCE91 =0 PFC91 =0 Note 2

KR7 Input P91 = Setting not required PM91 = Setting not required | PMC91 =1 PFCE91 =0 PFC91 =1

RXDA1"™"" | Input P91 = Setting not required PM91 = Setting not required | PMC91 = 1 PFCE91 =1 PFC91 =0

KR7"*" Input P91 = Setting not required PM91 = Setting not required | PMC91 = 1 PFCE91 =1 PFC91 =0

SCL02 110 P91 = Setting not required PM91 = Setting not required | PMC91 =1 PFCE91 =1 PFC91 =1 PF91 (PF9) =1
P92 A2 Qutput P92 = Setting not required PM92 = Setting not required | PMC92 = 1 PFCE92 =0 PFC92 =0 Note 2

TIP41 Input P92 = Setting not required PM92 = Setting not required | PMC92 = 1 PFCE92 =0 PFC92 =1

TOP41 Output P92 = Setting not required PM92 = Setting not required | PMC92 = 1 PFCE92 = 1 PFC92=0
P93 A3 Qutput P93 = Setting not required PM93 = Setting not required | PMC93 = 1 PFCE93 =0 PFC93 =0 Note 2

TIP40 Input P93 = Setting not required PM93 = Setting not required | PMC93 = 1 PFCE93 =0 PFC93 =1

TOP40 Output P93 = Setting not required PM93 = Setting not required | PMC93 = 1 PFCE93 = 1 PFC93=0

INTP8 Input P93 = Setting not required PM93 = Setting not required | PMC93 = 1 PFCE93 = 1 PFC93 =1
P94 A4 Qutput P94 = Setting not required PM94 = Setting not required | PMC94 = 1 PFCE94 =0 PFC94 =0 Note 2

TIP31 Input P94 = Setting not required PM94 = Setting not required | PMC94 = 1 PFCE94 =0 PFC94 =1

TOP31 Output P94 = Setting not required PM94 = Setting not required | PMC94 = 1 PFCE94 = 1 PFC94 =0
P95 A5 Qutput P95 = Setting not required PM95 = Setting not required | PMC95 = 1 PFCE95 =0 PFC95 =0 Note 2

TIP30 Input P95 = Setting not required PM95 = Setting not required | PMC95 = 1 PFCE95 =0 PFC95 =1

TOP30 Output P95 = Setting not required PM95 = Setting not required | PMC95 = 1 PFCE95 = 1 PFC95 =0

INTP5 Input P95 = Setting not required PMQ5 = Setting not required | PMC95 = 1 PFCE95 = 1 PFC95 =1

Notes 1. The RXDA1 and KR7 pins must not be used at the same time. When using the RXDA1 pin, do not use the KR7 pin (clear the KRM.KRM7 bit to 0). When

using the KR7 pin, do not use the RXDA1 pin (it is recommended to set the PFC91 bit to 1 and clear the PFCE91 bit to 0. When the PFC91 bit is cleared
to 0 and the PFCE91 bit is set to one, clear the UA1RXE bit to 0).

Port 9 pins cannot be used as port pins or other alternate-function pins if even one of the A0 to A15 pins is used in the separate bus mode. After setting the
PFC9 and PFCEDQ registers to 0000H, therefore, set all 16 bits of the PMC9 register to FFFFH at once.
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Table 4-25. Using Port Pin as Alternate-Function Pin (10/13)
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Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)

P96 A6 Output P96 = Setting not required PM96 = Setting not required | PMC96 = 1 PFCE96 =0 PFC96 =0 Note
TIP21 Input P96 = Setting not required PM96 = Setting not required | PMC96 = 1 PFCE96 = 1 PFC96 =0
TOP21 Output P96 = Setting not required PM96 = Setting not required | PMC96 = 1 PFCE96 = 1 PFC96 =1

P97 A7 Output P97 = Setting not required PM97 = Setting not required | PMC97 = 1 PFCE97 =0 PFC97 =0 Note
SIB1 Input P97 = Setting not required PM97 = Setting not required | PMC97 = 1 PFCE97 =0 PFC97 =1
TIP20 Input P97 = Setting not required PM97 = Setting not required | PMC97 = 1 PFCE97 =1 PFC97 =0
TOP20 Output P97 = Setting not required PM97 = Setting not required | PMC97 = 1 PFCE97 =1 PFC97 =1

P98 A8 Output P98 = Setting not required PMQ8 = Setting not required | PMC98 = 1 - PFC98 =0 Note
SOB1 Output P98 = Setting not required PM98 = Setting not required | PMC98 = 1 - PFC98 =1

P99 A9 Output P99 = Setting not required PM99 = Setting not required | PMC99 = 1 - PFC99 =0 Note
SCKB1 I/0 P99 = Setting not required PMQ9 = Setting not required | PMC99 = 1 - PFC99 =1

P910 A10 Output P910 = Setting not required | PM910 = Setting not required | PMC910 = 1 - PFC910=0 Note
SIB3 Input P910 = Setting not required | PM910 = Setting not required | PMC910 = 1 - PFC910 =1

P911 A1 Output P911 = Setting not required | PM911 = Setting not required | PMC911 = 1 - PFC911 =0 Note
SOB3 Output P911 = Setting not required | PM911 = Setting not required | PMC911 = 1 - PFC911 =1

P912 A12 Output P912 = Setting not required | PM912 = Setting not required | PMC912 = 1 - PFC912=0 Note
SCKB3 I/0 P912 = Setting not required | PM912 = Setting not required | PMC912 = 1 - PFC912 =1

P913 A13 Output P913 = Setting not required | PM913 = Setting not required | PMC913 = 1 - PFC913=0 Note
INTP4 Input P913 = Setting not required | PM913 = Setting not required | PMC913 = 1 - PFC913 =1

P914 Al14 Output P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914=0 PFC914 =0 Note
INTP5 Input P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =0 PFC914 =1
TIP51 Input P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =1 PFC914 =0
TOP51 Output P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =1 PFC914 =1

Note Port 9 pins cannot be used as port pins or other alternate-function pins if even one of the A0 to A15 pins is used in the separate bus mode. After setting the
PFC9 and PFCED9 registers to 0000H, therefore, set all 16 bits of the PMC9 register to FFFFH at once.
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Table 4-25. Using Port Pin as Alternate-Function Pin (11/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P915 A15 Output P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915=0 PFC915=0 Note 3
INTP6 Input P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915=0 PFC915 =1
TIP50 Input P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915 =1 PFC915=0
TOP50 Output P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915 =1 PFC915 =1
P150"*" RXDA1"*"? Input P150 = Setting not required | PM150 = Setting not required | PMC150 = 1 - -
KR7"*"* | Input P150 = Setting not required | PM150 = Setting not required | PMC150 = 1 - -
P151"*! TXDA1Y" | Output P151 = Setting not required | PM151 = Setting not required | PMC151 =1 - -
pP152"e! INTP9™ " | Input P152 = Setting not required | PM152 = Setting not required | PMC152 = 1 - -
P153"*" INTP6™"" | Input P153 = Setting not required | PM153 = Setting not required | PMC153 = 1 - -
PCDO RXDBO0 Input PCDO = Setting not required | PMCDO = Setting not required | PMCCDO = 1 - PFCCDO = 1
PCD1 TXDBO Output PCD1 = Setting not required | PMCD1 = Setting not required | PMCCD1 = 1 - PFCCD1 =1
PCD2 RXDB1 Input PCD2 = Setting not required | PMCD2 = Setting not required | PMCCD2 = 1 - PFCCD2 = 1
PCD3 TXDBH1 Qutput PCD3 = Setting not required | PMCD3 = Setting not required | PMCCD3 = 1 - PFCCD3 =1
PCMO WAIT Input PCMO = Setting not required | PMCMO = Setting not required | PMCCMO = 1 - -
PCM1 CLKOUT Output PCM1 = Setting not required | PMCM1 = Setting not required | PMCCM1 = 1 - -
PCM2 HLDAK Output PCM2 = Setting not required | PMCM2 = Setting not required | PMCCM2 = 1 - -
PCM3 HLDRQ Input PCM3 = Setting not required | PMCM3 = Setting not required | PMCCMS3 = 1 - -
PCS1 csi Output PCS1 = Setting not required | PMCS1 = Setting not required | PMCCS1 =1 - -
PCS2 cs2 Output PCS2 = Setting not required | PMCS2 = Setting not required | PMCCS2 = 1 - -
PCS3 CS3 Output PCS3 = Setting not required | PMCS3 = Setting not required | PMCCS3 = 1 - -
Notes 1. V850E/SK3-H only.

2.

using the KR7 pin, do not use the RXDA1 pin (clear the UA1CTL0.UA1RXE bit to 0).

the PFC9 and PFCE9 registers to 0000H, therefore, set all 16 bits of the PMC9 register to FFFFH at once.

The RXDA1 and KR7 pins must not be used at the same time. When using the RXDA1 pin, do not use the KR7 pin (clear the KRM.KRM7 bit to 0). When

Port 9 pins cannot be used as port pins or other alternate-function pins if even one of the A0 to A15 pins is used in the separate bus mode. After setting
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Table 4-25. Using Port Pin as Alternate-Function Pin (12/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)

PCTO WRO Output PCTO = Setting not required | PMCTO = Setting not required | PMCCTO = 1 - -

PCT1 WR1 Output PCT1 = Setting not required | PMCT1 = Setting not required | PMCCT1 = 1 - -

PCT4 RD Output PCT4 = Setting not required | PMCT4 = Setting not required | PMCCT4 = 1 - -

PCT6 ASTB Output PCT6 = Setting not required | PMCT6 = Setting not required | PMCCT6 = 1 - -

PDHO A16 Output PDHO = Setting not required | PMDHO = Setting not required | PMCDHO = 1 - -

PDH1 A17 Output PDH1 = Setting not required | PMDH1 = Setting not required | PMCDH1 = 1 - -

PDH2 A18 Output PDH2 = Setting not required | PMDH2 = Setting not required | PMCDH2 = 1 - -

PDH3 A19 Output PDH3 = Setting not required | PMDH3 = Setting not required | PMCDH3 = 1 - -

PDH4 A20 Output PDH4 = Setting not required | PMDH4 = Setting not required | PMCDH4 = 1 - -

PDH5 A21 Output PDH5 = Setting not required | PMDHS5 = Setting not required | PMCDH5 = 1 - -

PDH6 A22 Output PDH6 = Setting not required | PMDHS6 = Setting not required | PMCDH®6 = 1 - -

PDH7 A23 Output PDH7 = Setting not required | PMDH?7 = Setting not required | PMCDH7 = 1 - -
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Table 4-25. Using Port Pin as Alternate-Function Pin (13/13)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits

Name /0 Pn Register PMn Register PMCn Register PFCEnN Register PFCn Register (Registers)
PDLO ADO 110 PDLO = Setting not required | PMDLO = Setting not required | PMCDLO = 1 - -
PDL1 AD1 110 PDL1 = Setting not required | PMDL1 = Setting not required | PMCDL1 = 1 - -
PDL2 AD2 110 PDL2 = Setting not required | PMDL2 = Setting not required | PMCDL2 = 1 - -
PDL3 AD3 110 PDL3 = Setting not required | PMDL3 = Setting not required | PMCDL3 = 1 - -
PDL4 AD4 110 PDL4 = Setting not required | PMDL4 = Setting not required | PMCDL4 = 1 - -
PDL5 AD5 /0 PDL5 = Setting not required | PMDL5 = Setting not required | PMCDL5 = 1 - -
FLMD1"™* | Input PDL5 = Setting not requited | PMDLS5 = Setting not required | PMCDL5 = Setting not required - -
PDL6 AD6 110 PDL6 = Setting not required | PMDL6 = Setting not required | PMCDL6 = 1 - -
PDL7 AD7 110 PDL7 = Setting not required | PMDL7 = Setting not required | PMCDL7 = 1 - -
PDL8 AD8 110 PDL8 = Setting not required | PMDLS8 = Setting not required | PMCDLS8 = 1 - -
PDL9 AD9 110 PDLO9 = Setting not required | PMDL9 = Setting not required | PMCDL9 = 1 - -
PDL10 AD10 1/0 PDL10 = Setting not required | PMDL10 = Setting not required | PMCDL10 = 1 - -
PDL11 AD11 110 PDL11 = Setting not required | PMDL11 = Setting not required | PMCDL11 = 1 - -
PDL12 AD12 1/0 PDL12 = Setting not required | PMDL12 = Setting not required | PMCDL12 = 1 - -
PDL13 AD13 110 PDL13 = Setting not required | PMDL13 = Setting not required | PMCDL13 = 1 - -
PDL14 AD14 1/0 PDL14 = Setting not required | PMDL14 = Setting not required | PMCDL14 = 1 - -
PDL15 AD15 110 PDL15 = Setting not required | PMDL15 = Setting not required | PMCDL15 = 1 - -

Note Since this pin is set in the flash memory programming mode, it does not need to be manipulated with the port control register. For details, sse CHAPTER 32

FLASH MEMORY.
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CHAPTER 4 PORT FUNCTIONS

4.6 Cautions

4.6.1

Cautions on setting port pins

(1) In the VB50E/SJ3-H and V850E/SK3-H, the general-purpose port function and several peripheral function 1/0
pin share a pin. To switch between the general-purpose port (port mode) and the peripheral function I/O pin
(alternate-function mode), set by the PMCn register. In regards to this register setting sequence, note with
caution the following.

284

(a) Cautions on switching from port mode to alternate-function mode

To switch from the port mode to alternate-function mode in the following order.

Note,

<1> Set the PFn register :
<2> Set the PFCn and PFCEn registers:
<3> Set the corresponding bit of the PMCn register to 1: Switch to alternate-function mode

N-ch open-drain setting
Alternate-function selection

If the PMCn register is set first, note with caution that, at that moment or depending on the change of the
pin states in accordance with the setting of the PFn, PFCn, and PFCEn registers, unexpected operations
may occur.

A concrete example is shown as Example below.

Note N-ch open-drain output pin only

Caution Regardless of the port mode/alternate-function mode, the Pn register is read and written
as follows.

e Pn register read: Read the port output latch value (when PMn.PMnm bit = 0), or read

the pin states (PMn.PMnm bit = 1).
o Pn register write: Write to the port output latch

[Example] SCLO1 pin setting example
The SCLO1 pin is used alternately with the P41/SOBO pin. Select the valid pin functions with
the PMC4, PFC4, and PF4 registers.

PMC41 Bit

PFC41 Bit

PF41 Bit

Valid Pin Functions

don’t care

P41 (in output port mode, N-ch open-drain output)

0

SOBO output (N-ch open-drain output)

1

SCLO1 I/O (N-ch open-drain output)
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CHAPTER 4 PORT FUNCTIONS

The order of setting in which malfunction may occur on switching from the P41 pin to the

SCLO1 pin are shown below.

Setting Order Setting Contents Pin States Pin Level
<1> Initial value Port mode (input) Hi-Z
(PMC41 bit =0,
PFC41 bit =0,
PF41 bit = 0)
<2> PMC41 bit « 1 SOBO output Low level (high level depending on the
CSIBO setting)
<3> PFC41 bit « 1 SCLO1 I/10 High level (CMOS output)
<4> PF41 bit « 1 SCLO1 I/0 Hi-Z (N-ch open-drain output)

In <2>, I*C communication may be affected since the alternate-function SOBO output is output
to the pin. In the CMOS output period of <2> or <3>, unnecessary current may be generated.

(b) Cautions on alternate-function mode (input)

The input signal to the alternate-function block is low level when the PMCn.PMCnm bit is 0 due to the AND
output of the PMCn register set value and the pin level. Thus, depending on the port setting and alternate-
function operation enable timing, unexpected operations may occur. Therefore, switch between the port
mode and alternate-function mode in the following sequence.

¢ To switch from port mode to alternate-function mode (input)
Set the pins to the alternate-function mode using the PMCn register and then enable the alternate-
function operation.

¢ To switch from alternate-function mode (input) to port mode
Stop the alternate-function operation and then switch the pins to the port mode.

The concrete examples are shown as Example 1 and Example 2.
[Example 1] Switch from general-purpose port (P02) to external interrupt pin (NMI)

When the PO2/NMI pin is pulled up as shown in Figure 4-68 and the rising edge is specified
in the NMI pin edge detection setting, even though high level is input continuously to the NMI
pin during switching from the P02 pin to the an NMI pin (PMCO02 bit = 0 — 1), this is detected

as a rising edge as if the low level changed to high level, and an NMI interrupt occurs.
To avoid it, set the NMI pin’s valid edge after switching from the P02 pin to the NMI pin.
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Figure 4-68. Example of Switching from P02 to NMI (Incorrect)

7 6 5 4 3

2

10

PMCO

0—>1

PMCOm bit = 0: Port mode

PMCOm bit = 1: Alternate-function mode

NMI interrupt occurrence | Rising
~~— edge

detector

PMCO02 bit = 0: Low level
2

PMCO2 bit = 1: High level

Remark m=0to7

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
O

: PO2/NMI

1

1

1

1

1

1

3V

[Example 2] Switch from external pin (NMI) to general-purpose port (P02)

When the PO2/NMI pin is pulled up as shown in Figure 4-69 and the falling edge is specified
in the NMI pin edge detection setting, even though high level is input continuously to the NMI
pin at switching from the NMI pin to the P02 pin (PMCO02 bit = 1 — 0), this is detected as

falling edge as if high level changed to low level, and NMI interrupt occurs.

To avoid this, set the NMI pin edge detection as “No edge detected” before switching to the

P02 pin.

Figure 4-69. Example of Switching from NMI to P02 (Incorrect)

7 6 5 4 3

2
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PMCO

1-0

PMCOm bit = 0: Port mode

PMCOm bit = 1: Alternate-function mode

NMl interrupt occurrence | Falling
-«— edge

detector

PMCO02 bit = 1: High level
l

PMCO2 bit = 0: Low level

Remark m=0to7
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1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
O

: PO2/NMI

1

1

1

1

1

1

3V

(2) In port mode, the PFn.PFnm bit is valid only in the output mode (PMn.PMnm bit = 0).
(PMnm bit = 1), the value of the PFnm bit is not reflected in the buffer.

286 Users Manual U19201EJ3VOUD

In the input mode
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4.6.2 Cautions on bit manipulation instruction for port n register (Pn)
When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the value
of the output latch of an input port that is not subject to manipulation may be written in addition to the targeted bit.
Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

<Example>  When P90 pin is an output port, P91 to P97 pins are input ports (all pin statuses are high level), and
the value of the port latch is 00H, if the output of P90 pin is changed from low level to high level via
a bit manipulation instruction, the value of the port latch is FFH.
Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is
1 are the output latch and pin status, respectively.
A bit manipulation instruction is executed in the following order in the V850E/SJ3-H and
V850E/SK3-H.

<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.

In step <1>, the value of the output latch (0) of P90 pin, which is an output port, is read, while the
pin statuses of P91 to P97 pins, which are input ports, are read. If the pin statuses of P91 to P97
pins are high level at this time, the read value is FEH.

The value is changed to FFH by the manipulation in <2>.

FFH is written to the output latch by the manipulation in <3>.

Figure 4-70. Bit Manipulation Instruction (P90 Pin)

Bit manipulation

P90 O instruction P90 O
©) (set1 0, POL[r0]) ©)
Low-level output is executed for

High-level output

P90 bit.
P91 to P97 @ I::> P91 to P97 @
Pin status: High level Pin status: High level
Port 9L latch Port 9L latch
o lofofofofofo]o] EEERERERERENERER

Bit manipulation instruction for P90 bit

<1> POL register is read in 8-bit units.
* In the case of P90, an output port, the value of the port latch (0) is read.
* In the case of P91 to P97, input ports, the pin status (1) is read.

<2> Set (1) P90 bit.

<3> Write the results of <2> to the output latch of POL register in 8-bit units.
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4.6.3 Cautions on on-chip debug pins

The DRST, DCK, DMS, DDI, and DDO pins are on-chip debug pins.

After reset by the RESET pin, the PO5/INTP2/DRST pin is initialized to function as an on-chip debug pin (DRST). If
a high level is input to the DRST pin at this time, the on-chip debug mode is set, and the DCK, DMS, DDI, and DDO
pins can be used.

The following action must be taken if on-chip debugging is not used.
¢ Clear the OCDMO bit of the OCDM register (special register) (0)

At this time, fix the PO5/INTP2/DRST pin to low level from when reset by the RESET pin is released until the above
action is taken.

If a high level is input to the DRST pin before the above action is taken, it may cause a malfunction (CPU
deadlock). Handle the P05 pin with the utmost care.

Caution The PO5/INTP2/DRST pin is not initialized to function as an on-chip debug pin (DRST) when a
reset signal (WDT2RES) is generated due to a watchdog timer overflow, a reset signal (LVIRES) is
generated by the low-voltage detector (LVI), or a reset signal (CLMRES) is generated by the clock
monitor (CLM). The OCDM register holds the current value.

4.6.4 Cautions on PO5/INTP2/DRST pin
The PO5/INTP2/DRST pin has an internal pull-down resistor (30 kQ TYP.). After a reset by the RESET pin, a pull-
down resistor is connected. The pull-down resistor is disconnected when the OCDMO bit is cleared (0).

4.6.5 Cautions on P53 pin when power is turned on
When the power is turned on, the following pins may momentarily output an undefined level.

e P53/SIB2/KR3/TIQ00/TOQO0/RTP03/DDO pin

4.6.6 Hysteresis characteristics
In port mode, the following port pins do not have hysteresis characteristics.

P00 to P06

P20"*, p21"*

P31 to P35, P37 to P39, P312""

P40 to P42, P45"*

P50 to P55, P56""

P60, P62 to P615

P80, P82 to P84" "

P90 to P97, P99, P910, P912 to P915
P150"", P152"", P153""

PCDO, PCD2

Note V850E/SK3-H only
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4.6.7 Cautions on separate bus mode

Port 9 pins cannot be used as port pins or other alternate-function pins if even one of the A0 to A15 pins is used in
the separate bus mode. After setting the PFC9 and PFCES9 registers to 0000H, therefore, set all 16 bits of the PMC9
register to FFFFH at once. If none of the AO to A15 pins is used in the separate bus mode, port 9 pins can be used as
port pins or other alternate-function pins.

4.6.8 Cautions on reading port n registers (Pn: n = 3 to 5, 8) (V850E/SJ3-H only)
In the VB50E/SJ3-H, the bit values of the following port n registers become undefined when read.

Port 3 register: P310 to P312
Port 4 register: P43 to P45
Port 5 register: P56, P57
Port 8 register: P82 to P85

4.6.9 Cautions on setting port n mode control registers (PMCn: n = 3 to 5, 8)
In the VB50E/SJ3-H, be sure to set the bits of the following port n mode control registers to 0.

Port 3 mode control register: PMC310 to PMC312
Port 4 mode control register: PMC44, PMC45
Port 5 mode control register: PMC56, PMC57
Port 8 mode control register: PMC82 to PMC85
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CHAPTER 5 BUS CONTROL FUNCTION

The V850E/SJ3-H and V850E/SK3-H are provided with an external bus interface function by which external
memories such as ROM and RAM, and I/O can be connected.

5.1 Features

O Output is selectable from a multiplexed bus with a minimum of 3 bus cycles and a separate bus with a minimum
of 2 bus cycles.

O 8-bit/16-bit data bus selectable

O Wait function
e Programmable wait function of up to 7 states
¢ External wait function usingmpin

O Idle state function

O Bus hold function

<R> O Up to about 30 MB of physical memory connectable

O The bus can be controlled at a different voltage from the operating voltage when BVop < EVop = Voo. However,

set BVop = EVbbp = Vop in the separate bus mode.
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CHAPTER 5 BUS CONTROL FUNCTION

5.2 Bus Control Pins

The pins used to connect an external device are listed in the table below.

Table 5-1. Bus Control Pins

(a) When multiplexed bus is selected

Bus Control Pin Alternate-Function Pin /0 Function
ADO to AD15 PDLO to PDL15 I/O Address/data bus
A16 to A23 PDHO to PDH7 Output Address bus
WAIT PCMO Input External wait control
CLKOUT PCM1 Output Internal system clock
'WRO, WR1 PCTO, PCT1 Output Write strobe signal
RD PCT4 Output | Read strobe signal
ASTB PCT6 Output | Address strobe signal
HLDRQ PCM3 Input Bus hold control
HLDAK PCM2 Output
CS1to CS3 PCS1 to PCS3 Output | Chip select

(b) When separate bus is selected

Bus Control Pin Alternate-Function Pin I/0 Function
ADO to AD15 PDLO to PDL15 1/O Data bus
A0 to A15 P90 to P915 Output | Address bus
A16 to A23 PDHO to PDH7 Output Address bus
WAIT PCMO Input External wait control
CLKOUT PCM1 Output Internal system clock
WRO, WR1 PCTO, PCT1 Output | Write strobe signal
RD PCT4 Output | Read strobe signal
HLDRQ PCM3 Input Bus hold control
HLDAK PCM2 Output
CS11toCS3 PCS1 to PCS3 Output | Chip select
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CHAPTER 5 BUS CONTROL FUNCTION

5.2.1 Pin status when internal ROM, internal RAM, on-chip peripheral I/O, or expanded internal RAM is
accessed
When the internal ROM, internal RAM, on-chip peripheral 1/O, or expanded internal RAM is accessed, the status of
each pin is as follows.

Table 5-2. Pin Statuses When Internal ROM, Internal RAM, On-Chip Peripheral 1/0, or Expanded Internal RAM
Is Accessed

(a) When internal ROM, internal RAM, or on-chip peripheral I/O is accessed

Separate Bus Mode Multiplexed Bus Mode
Address bus (A23 to A0) Undefined Address bus (A23 to A16) Undefined
Address/data bus (AD15 to ADO) High impedance Address/data bus (AD15 to ADO) Undefined
Control signal CS1to CS3 Inactive level Control signal CS11t0 CS3 Inactive level
RD, WRO0, WR1, ASTB Inactive level RD, WR0, WR1, ASTB Inactive level

Caution When the internal ROM is written, as well as when the external memory area is accessed, the
address bus, address/data bus, and control signals are activated, but write access is prohibited.

(b) When expanded internal RAM is accessed

Separate Bus Mode Multiplexed Bus Mode
Address bus (A23 to AQ) Undefined Address bus (A23 to A16) Undefined
Address/data bus (AD15 to ADO) Undefined Address/data bus (AD15 to ADO) Undefined
Control signal CS11to CS3 Inactive level Control signal CS11t0CS3 Inactive level
RD, WR0, WR1, ASTB | Active level RD, WR0, WR1, ASTB Active level

Caution When the expanded internal RAM is accessed, control signals (ﬁ, WRO0, WR1, ASTB) are activated.
Therefore, accesses to the external memory or external /O must be controlled by the CSn signal (n
=110 3).

5.2.2 Pin status in each operation mode
For the pin status of the V850E/SJ3-H and V850E/SK3-H in each operation mode, see 2.3 Pin States.
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5.3 Memory Block Function

The 28 MB external memory space is divided into memory blocks of 4 MB, 4MB, 4MB, and 16 MB, from the lower
address, and they can be used as three CS spaces (CS1, CS2, CS3). The correspondence between the CS1 and

<R> CS3 spaces and the memory block can be set by the CSCO0 and CSC1 registers. In addition, the programmable wait
function and bus size can be independently controlled for each CS space.
<R> If the expanded internal RAM is not used, addresses 3EO0000H to 3FEBFFFH can be used as external memory

area by setting the CSCO and CSC1 registers. Therefore, an external memory space of up to about 30 MB can be
used.

Users Manual U19201EJ3VOUD 293



<R>

CHAPTER 5 BUS CONTROL FUNCTION

Figure 5-1. Data Memory Map: Physical Address (1/2)
(a) When using expanded internal RAM
03FFFFFFH ewsy | On-chip peripheral I/O area 03FFFFFFH
03E000OOH { ™" | . (4 KB) 03FFFO00H
03DFFFFFH x 03FFEFFFH
\ Internal RAM area
' (60 KB)
| 08FF0000H
| Use prohibitedNete ! 03FEFFFFH
\ 03FEF000H
| Programmable Peripheral 03FEEFFFH
“ IOareaN"ZNo!'s 03FECO000H
- ! use prohibited™°*
Use prohibited H
proniot \ Expanded internal 03FEBFFFH
! RAM area
! (16/32 KB) 03FE4000H
| 03FE3FFFH
i Use prohibited
L 03E00000H
__02000000H
01FFFFFFH
— External memory area
css (16 MB)
External memory area
(28 MB)
_ Yy 01000000H
00FFFFFFH
External memory area
| oocoooooH (4 MB)
CS1,C83 00BFFFFFH
External memory area
(4 MB)
—1 00800000H
007FFFFFH ST 003FFFFFH
cs2 External memory area /
(4 MB) S/ Use prohibited
1 00400000H -
003FFFFFH
Internal ROM areaN°te 4
<R> (4 MB) Internal ROM areaN°te®
000000OOH | 00000000H
Notes 1. Use of addresses 03FEFO00H to O3FEFFFFH is prohibited because these addresses are in the
same area as the on-chip peripheral I/O area.
2. Only the programmable peripheral I/O area is seen as images of 256 MB each in the 4 GB address
space.
3. In the CAN controller version, addresses 03FECO00H to O3FECBFFH are assigned as a
programmable peripheral 1/O area in addresses O03FECO00H to O3FEEFFFH. Use of these
addresses in a version without a CAN controller is prohibited.
4. The internal ROM area and its mirror area cannot be used as the external memory area. In addition,
a write access is prohibited.
5. 768/1024/1280/1536 KB (flash memory) (see Table 1-1.)
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Figure 5-1. Data Memory Map: Physical Address (2/2)
<R> (b) When not using expanded internal RAM
03FFFFFFH (2 MB) On-chip peripheral I/O area 03FFFFFFH
03E00OOOH|{ ™" | . (4 KB) 03FFFOO00H
03DFFFFFH ' 03FFEFFFH
‘-‘ Internal RAM area
' (60 KB)
' 03FF0000H
Use prohibitedete ! 03FEFFFFH
' 5 o T 03FEF000H
\ rogrammable periphera
“ ) areaN”zNotra 03FEEFFFH
. ! use prohibited"°t 03FEC000H
Use prohibited ‘.‘ 03FEBFFFH
'\ External memory area
\ (1968 MB)
L 03E00000H
02000000H
01FFFFFFH
—— External memory area
css (16 MB)
External memory area
(28 MB)
Y 01000000H
00FFFFFFH
External memory area
| 00C00000H (4 MB)
CS1,CS3 | 00BFFFFFH
External memory area
(4 MB)
-~ Y 00800000H} — |
007FFFFFH ’ 003FFFFFH
cs2 External memory area ,
(4 MB) ’ Use prohibited
— Y 00400000H X
003FFFFFH
Internal ROM areaN°te 4
(4 MB) Internal ROM areaN°tes
ooooooooH L 00000000H
Notes 1. Use of addresses 03FEFO00H to O3FEFFFFH is prohibited because these addresses are in the
same area as the on-chip peripheral 1/0O area.
2. Only the programmable peripheral 1/0 area is seen as images of 256 MB each in the 4 GB address
space.
3. In the CAN controller version, addresses O3FECO0OH to O3FEEFFFH are assigned as a
programmable peripheral I/O area in addresses O3FECO00H to O3FECBFFH. Use of these
addresses in a version without a CAN controller is prohibited.
4. The internal ROM area and its mirror area cannot be used as the external memory area. In addition,
a write access is prohibited.
5. 512/768/1024/1280/1536 KB (flash memory) (see Table 1-1.)
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5.3.1 Chip select control function
In the VB50E/SJ3-H and V850E/SKS3-H, eight types of memory maps can be selected by the CSCO and CSCH1
registers.
(1) Chip area select control registers 0, 1 (CSCO0 and CSC1)
Set the CSCO0 and CSC1 registers to the following set values.
This register can be read/written in 16-bit units.
The address and initial value of CSC0 and CSC1 registers are as follows.
Register Name Address Initial Value
CSCo FFFFFO60H 2C11H
CSCH1 FFFFF062H 2C11H
Caution Write to the CSC0 and CSC1 registers after reset, and then do not change the set values.
Also, do not access an external memory area until the initial settings of the CSC0 and CSC1
registers are complete.
(a) When using expansion internal RAM (Other than xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-
H), 70F3933 (V850E/SJ3-H))
The relation of the setting value of CSCO and CSC1 registers and the memory map is as follow.
Caution In the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H),
expanded internal RAM is not provided. Therefore, the setting shown in “5.3.1 (1) (a)
When using expanded internal RAM” cannot be used. Be sure to use the setting shown
in “5.3.1 (1) (b) When not using expanded internal RAM”.
CSCO Register Set Value | CSC1 Register Set Value Memory Map
2C11H (initial value) 2C11H (initial value) Memory map 1 (see <1> in Figure 5-2)
ECC3H 2C11H (initial value) Memory map 2 (see <2> in Figure 5-2)
2C83H 2C11H (initial value) Memory map 3 (see <3> in Figure 5-2)
2C43H 2C11H (initial value) Memory map 4 (see <4> in Figure 5-2)
Other than above Other than above Setting prohibited
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Figure 5-2. Four Types of Memory Maps That Can Be Set by CSC0 and CSC1 Registers: When Using

Expanded Internal RAM (1/2)

<1> Memory map 1 <2> Memory map 2
03FFFFFFH 03FFFFFFH
Note 1 Note 1
03FE4000H 03FE4000H
03FE3FFFH 03FE3FFFH
~=Use prohibited =- ~=1Use prohibited =-
02000000H 02000000H
01FFFFFFH 01FFFFFFH
External memory External memory Csahoe?
area (16 MB) area (16 MB) (16 MB)
01000000H 01000000H
00FFFFFFH 00FFFFFFH
External memory External memory
00C00000H | €3 (“4MB) cs3 00C00000H | 22 (4MB) cst
00BFFFFFH (8 MB) 00BFFFFFH (8 MB)
External memory External memory
00800000H | "3 (4M8) 00800000H | 263 (4 MB)
007FFFFFH 007FFFFFH
External memory Ccs2 External memory Ccs2
4 MB 4 MB
00400000H | 2@ (4MB) (4 MB) 00400000H | 22 (4MB) (4 MB)
003FFFFFH 003FFFFFH
Internal ROM Internal ROM
area (4 MB) area (4 MB)
00000000H 00000000H

Notes 1. Addresses 03FE4000H to 03FFFFFFH include the internal RAM area, on-chip peripheral I/O area,
programmable peripheral 1/0 area (only in the products with the CAN controller), and expanded

internal RAM area.

2. Because the number of address pins (A0 to A23) is 24, addresses 01000000H to O1FFFFFFH

physically indicate addresses 00000000H to OOFFFFFFH.
Remark |:| : Use-prohibited area
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Figure 5-2. Four Types of Memory Maps That Can Be Set by CSC0 and CSC1 Registers: When Using
Expanded Internal RAM (2/2)

<3> Memory map 3 <4> Memory map 4
03FFFFFFH 03FFFFFFH
Note Note
03FE4000H 03FE4000H
03FE3FFFH 03FE3FFFH
~— Use prohibited 5= 2= Use prohibited 5=
02000000H 02000000H
01FFFFFFH 01FFFFFFH
External memory External memory
area (16 MB) area (16 MB)
01000000H o 01000000H o
00FFFFFFH 00FFFFFFH
External memory CS1 External memory CS3
area (4 MB) (4 MB) area (4 MB) (4 MB)
00C00000H 00C00000H |
00BFFFFFH i 00BFFFFFH —
External memory Cs3 External memory Cst
area (4 MB) (4 MB) area (4 MB) (4 MB)
00800000H 00800000H
007FFFFFH _ 007FFFFFH _
External memory Cs2 External memory CS2
4 MB] 4 MB 4 MB
00400000H | 22 #MB) (4 MB) 00400000H | 234 MB) (4 MB)
003FFFFFH 003FFFFFH
Internal ROM Internal ROM
area (4 MB) area (4 MB)
00000000H 00000000H

Note Addresses 03FE4000H to O3FFFFFFH include the internal RAM area, on-chip peripheral 1/O area,
Programmable peripheral I/0O area (only in the products with the CAN controller), and expanded internal
RAM area.

Remark |:| : Use-prohibited area
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(b) When not using expanded internal RAM
The relationship between the setting value of the CSCO and CSC1 registers and the memory map is as

follows.
CSCO Register Set Value | CSC1 Register Set Value Memory Map
2C11H (initial value) 0100H Memory map 1 (see <1> in Figure 5-3)
ECC3H 0100H Memory map 2 (see <2> in Figure 5-3)
2C83H 0100H Memory map 3 (see <3> in Figure 5-3)
2C43H 0100H Memory map 4 (see <4> in Figure 5-3)
Other than above Other than above Setting prohibited

Figure 5-3. Four Types of Memory Maps That Can Be Set by CSC0 and CSC1 Registers: When Not Using
Expanded Internal RAM (1/2)

<3> Memory map 3 <4> Memory map 4
03FFFFFFH 03FFFFFFH
03FEC000H Note 1 03FEC000H Note 1
O03FEBFFFH | External memory 03FEBFFFH | External memory
03E00000H | area (1968 KB) 03E00000H | area (1968 KB)
03DFFFFFH 03DFFFFFH
= Use prohibited == = Use prohibited 5=
02000000H 02000000H
01FFFFFFH 01FFFFFFH
External memory’ External memory cs3hoe?
area (16 MB) area (16 MB) (16 MB)
01000000H 01000000H
00FFFFFFH 00FFFFFFH
External memory External memory
area (4 MB) — area (4 MB)
00C00000H CS3 00C00000H Cst
00BFFFFFH (8 MB) 00BFFFFFH (8 MB)
External memory External memory
area (4 MB) area (4 MB)
00800000H 00800000H
007FFFFFH 007FFFFFH
External memory CSs2 External memory CSs2
area (4 MB) (4 MB) area (4 MB) (4 MB)
00400000H 00400000H
003FFFFFH 003FFFFFH
Internal ROM Internal ROM
area (4 MB) area (4 MB)
00000000H 00000000H

Notes 1. Addresses 03FECO00H to O3FFFFFFH include the internal RAM area, on-chip peripheral I/O area,
and programmable peripheral 1/O area (only in the products with the CAN controller).
2. Because the number of address pins (A0 to A23) is 24, addresses 01000000H to O1FFFFFFH
physically indicate addresses 00000000H to OOFFFFFFH.

Remark |:| : Use-prohibited area
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Figure 5-3. Four Types of Memory Maps That Can Be Set by CSC0 and CSC1 Registers: When Not Using
Expanded Internal RAM (2/2)

<3> Memory map 3 <4> Memory map 4
03FFFFFFH 03FFFFFFH
03FECO00H Note 03FEC000H Note
03FEBFFFH [ External memory 03FEBFFFH [ External memory
03E00000H | area (1968 KB} 03E00000H| area (1968 KB)
03DFFFFFH 03DFFFFFH
= Use prohibited 5= - Use prohibited o=
02000000H 02000000H
01FFFFFFH 01FFFFFFH
External memory External memory
area (16 MB) area (16 MB)
01000000H 01000000H
OOFFFFFFH . OOFFFFFFH __
External memory CSt External memory Cs3
area (4 MB) (4 MB) area (4 MB) (4 MB)
00C00000H 00C00000H |
00BFFFFFH __ 00BFFFFFH -
External memory CS3 External memory Cs1
area (4 MB) (4 MB) area (4 MB) (4 MB)
00800000H 00800000H
007FFFFFH . 007FFFFFH __
External memory Cs2 External memory Cs2
area (4 MB) (4 MB) area (4 MB) (4 MB)
00400000H 00400000H
003FFFFFH 003FFFFFH
Internal ROM Internal ROM
area (4 MB) area (4 MB)
00000000H 00000000H
Note Addresses 03FECO00H to 03FFFFFFH include the internal RAM area, on-chip peripheral I/O area, and
programmable peripheral I/O area (only in the products with the CAN controller).
Remark |:| : Use-prohibited area
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5.4 External Bus Interface Mode Control Function

The V850E/SJ3-H and V850E/SK3-H include the following two external bus interface modes.

e Multiplexed bus mode
e Separate bus mode

These two modes can be selected by using the EXIMC register.
(1) External bus interface mode control register (EXIMC)
The EXIMC register can be read or written in 8-bit or 1-bit units.

Reset sets this register to O0H.

Caution Write to the EXIMC register after reset, and then do not change the set values. Also, do not
access an external memory area until the initial settings of the EXIMC register are complete.

After reset: 00H R/W Address: FFFFFFBEH

3 2 ! 0
exmc [ o | o | o | o | o | o | o |swuse|
SMSEL Mode selection

0 Multiplexed bus mode

1 Separate bus mode

Caution Set the EXIMC register from the internal ROM or internal RAM area before making an
external access.
After setting the EXIMC register, be sure to insert a NOP instruction.
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5.5 Bus Access

5.5.1 Number of clocks for access

The following table shows the number of basic clocks required for accessing each resource.

Area (Bus) Internal ROM Internal RAM (32 External Memory External Memory Expanded Internal
Bus (32 Bits) Bits) (Multiplexed Bus) (Separate Bus) (16 RAM
Cycle Type (16 Bits) Bits) (32 Bits)"*?
Instruction fetch 1 heet 3+ n'e? 0 4 et 3+n
(normal access)
Instruction fetch 3 oot 3 +n"e? 2 4 n'"e? 3+n
(branch)
Operand data 4 1 3+ n"e? 2 4 o2 34+n
access

Notes 1. Incremented by 1 if a conflict with a data access occurs.
2. Data wait, address setup wait, address hold wait, and idle state are not included.

3. If the external bus is set in the multiplexed bus mode, the expanded internal RAM is accessed in the
multiplexed bus access mode, if the external bus is set in the separate bus mode, the expanded internal

RAM is accessed in the separate bus access mode.

Remarks 1. Unit: Clocks/access

2. n:

302

Number of waits inserted by the WAIT pin
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5.5.2 Bus size setting function

Each external memory area selected by CSn can be set by using the BSC register. However, the bus size can be

set to 8 bits and 16 bits only.

The external memory area of the V850E/SJ3-H and V850E/SK3-H is selected by CS1 to CS3.

(1) Bus size configuration register (BSC)
The BSC register can be read or written in 16-bit units.

Reset sets this register to 5555H.

Caution Write to the BSC register after reset, and then do not change the set values. Also, do not
access an external memory area until the initial settings of the BSC register are complete.

After reset: 5555H R/W Address: FFFFF066H

15 14 13 12 11 10 9 8
Bsc| or | or | or | o | o | o1 | o1 | on
7 6 5 4 3 2 1 0
| o |Bsso| o |Bs2o| o |Bswo| o1 | on
] [ [
CS3 CSs2 CSt
Bits 15t0 8 Expanded internal RAM/external memory area setting
01010001 Expanded internal RAM is not used. External memory area
(3E00000H to 3FEBFFFH, data bus width: 8 bits) is used.
01010101 Expanded internal RAM is not used. External memory area
(3EO0000H to 3FEBFFFH, data bus width: 16 bits) is used.
10010101Nete

Expanded internal RAM is used. External memory area
(3E00000H to 3FEBFFFH) is not used.

Other than above

Setting prohibited

Data bus width of CSn space (n =1 to 3)

BSn0
0 8 bits
1 16 bits
Bits 1 and O

In-circuit emulator (IECUBE®) setting

10

IECUBE is used.

Other than above

Setting prohibited

Note This setting is prohibited
70F3933 (V850E/SJ3-H).

in the ©#PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and

Caution Be sure to clear bits 7, 5, and 3 to “0”.
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5.5.3 Access by bus size
The V850E/SJ3-H and V850E/SK3-H access the on-chip peripheral 1/0 and external memory in 8-bit, 16-bit, or 32-
bit units. The bus size is as follows.

e The bus size of the on-chip peripheral I/O is fixed to 16 bits.
e The bus size of the external memory is selectable from 8 bits or 16 bits (by using the BSC register).

The operation when each of the above is accessed is described below. All data is accessed starting from the lower
side.

The V850E/SJ3-H and V850E/SK3-H support only the little-endian format.

Figure 5-4. Little-Endian Address in Word

31 24 23 16 15 87
 oo0BH | 000AH | 0009H | 0008H
0007H 0006H o00sH 0004H
0003H 0002H 0001H 0000H

(1) Data space
The V850E/SJ3-H and V850E/SK3-H have an address misalign function.
With this function, data can be placed at all addresses, regardless of the format of the data (word data or
halfword data). However, if the word data or halfword data is not aligned at the boundary, a bus cycle is
generated at least twice, causing the bus efficiency to drop.

(a) Halfword-length data access
A byte-length bus cycle is generated twice if the least significant bit of the address is 1.

(b) Word-length data access
(i) A byte-length bus cycle, halfword-length bus cycle, and byte-length bus cycle are generated in that

order if the least significant bit of the address is 1.
(ii) A halfword-length bus cycle is generated twice if the lower 2 bits of the address are 10.
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(2) Byte access (8 bits)

(a) 16-bit data bus width

<1> Access to even address (2n)

Address
15770
8
7 7
2n
0 0
Byte data  External data
bus

<2> Access to odd address (2n + 1)

Address
15
2n +1
8
7 70
0 0:

Byte data  External data
bus

(b) 8-bit data bus width

<1> Access to even address (2n)

Address

2n
0 0

Byte data  External data
bus

<2> Access to odd address (2n + 1)

Address
7 7
2n + 1
0 0
Byte data  External data
bus
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(3) Halfword access (16 bits)

(a) With 16-bit data bus width

<1> Access to even address (2n)

Address
15 [ 15 [

2n+1
8 | 8 |
7 7

2n
(N I (N I

Halfword data External data
bus

<2> Access to odd address (2n + 1)

First access Second access
Address Address
15 15 15
2n+1
8 8 8
7 70 7
E i 2n 2n+2
0 oLt 0
Halfword data  External data Halfword data  External data
bus bus

(b) 8-bit data bus width

<1> Access to even address (2n)

First access Second access
15 15
8 Address 8 Address

7 7 7 7
2n 2n + 1

0 0 0 0
Halfword data External data Halfword data External data

bus bus

<2> Access to odd address (2n + 1)

First access Second access

15 15
8 Address 8 Address
7 7 7 7
2n +1 2n+2
0 0 0 0

Halfword data External data Halfword data External data
bus bus
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(4) Word access (32 bits)

(a) 16-bit data bus width (1/2)

<1> Access to address (4n)

31

24
23

16
15

0

First access

Address
- 15
4n + 1
— 8 —
7
4n
|| 0[]

Word data External data

<2> Access to address (4n + 1)

31

24
23

16
15

0

bus

First access

Address
| 15
4n + 1
| 8
7.
0Ll

Word data External data

bus

Second access

31

24
23

16
15 15

0 0

Address

4n + 3

4n +2

Word data External data

bus

Second access

31

24
23

16
15 15

0 0

Address

4n+ 3

4n + 2

Word data External data

bus

31

24
23

16
15

0

Third access

15

~ ©

0

Address

4n + 4

Word data External data

bus
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(a) 16-bit data bus width (2/2)

<3> Access to address (4n + 2)

First access Second access
31 [ ] 31 [ ]
24| | 24 | |
23 23
16 |_| _Address 16 || _Address
15 15 15 15
4n+3 4n+5
8 || 81 | 81 | 8 |
7 7 7 7
4n +2 an+ 4
O | (VN I 0 | 0 |

Word data External data Word data External data
bus bus

<4> Access to address (4n + 3)

First access Second access
31 [ ] 31 [ ]
24| | 24 | |
23 23
16 || Address 16 ] _ Address
15 15 15 15
4n+ 3 4n+5
8| 8 8 | 8 |
7 7. 7 7
P 4n+4
o] 0% 1 ol o]
Word data External data Word data External data
bus bus

31

24
23

16
15

0

Third access

15

~N ©

0

Address

4n + 6

Word data External data

bus
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(b) 8-bit data bus width (1/2)

<1> Access to address (4n)

31

24

—_—
[621)]

~ oo

0

First access

Address

4n
0

Word data External data

bus

0

Second access

Address

4n +1

0

Word data External data

bus

<2> Access to address (4n + 1)

—_—
Qo

~N oo

0

First access

Address

4n +1
0

Word data External data

bus

—_—
[6;1e)]

~ 0o

0

Second access

Address

4n +2

0

Word data External data

bus

31

24

—_—
o

~oo

0

Third access

Address

4n + 2

0

Word data External data

—_—
[6;1)]

~N oo

0

bus

Third access

4n+ 3

0

Word data External data

bus

Address

31

24

—_—
oo

~ oo

0

Fourth access

4n+ 3

0

Word data External data

—_—
oo

0

bus

Fourth access

4dn+4

0

Word data External data

bus

Address

Address
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(b) 8-bit data bus width (2/2)

<3> Access to address (4n + 2)

First access

Second access

Third access

Fourth access

31 [ ] 31 [ ] 31 [ ] 31 [ ]
24 24 24 24
23 [ 23 [ 23 [ | 23 [
16 || 16 | 16 | | 16 ||
15 15 15 15
8 Address 8 Address 8 Address 8 Address
711 7 71 7 7T 1 7 711 7
4n + 2 4n+3 4n+4 4n+5
0L| 0 0| 0 0| 0 0| 0
Word data External data Word data External data Word data External data Word data External data
bus bus bus bus
<4> Access to address (4n + 3)
First access Second access Third access Fourth access
31 [ ] 31 [ ] 31 [ ] 31 [ ]
24 24 24 24
23 [ 23 [ | 23 [ | 23 [ |
16 || 16 || 16 || 16 ||
15 15 15 15
8 Address 8 Address 8 Address 8 Address
711 7 711 7 711 7 711 7
4n+3 4n+ 4 4n+5 4n+6
0] | 0 0| 0 0[] 0 0[] 0
Word data External data Word data External data Word data External data Word data External data
bus bus bus bus
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5.6 Wait Function

5.6.1 Programmable wait function

(1) Data wait control register 0 (DWCO0)
To realize interfacing with a low-speed memory or I/O, up to seven data wait states can be inserted in the bus
cycle that is executed for each CS space.
The number of wait states can be programmed by using the DWCO register. Immediately after system reset, 7
data wait states are inserted for all the blocks.
The DWCO register can be read or written in 16-bit units.
Reset sets this register to 7777H.

Cautions 1. The internal ROM and internal RAM areas are not subject to programmable wait, and are
always accessed without a wait state. The on-chip peripheral I/O area is also not subject
to programmable wait, and only wait control from each peripheral function is performed.

2. Write to the DWCO register after reset, and then do not change the set values. Also, do
not access an external memory area until the initial settings of the DWCO register are
complete.

3. When the V850E/SJ3-H and V850E/SK3-H are used in separate bus mode and operated at
fcru > 20 MHz, be sure to insert one or more wait.

4. When the V850E/SJ3-H and V850E/SK3-H are used in multiplexed bus mode and operated
at fcru > 32 MHz, be sure to insert one or more wait.
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After reset: 7777H RW Address: FFFFF484H
15 14 13 12 11 10 9 8
pwco| o | ows2 | pwst | pwso | o | pwze | pwar | pwzo |
\ = I \ = I
7 6 5 4 3 2 1 0
[ o [owi2 | ownt [owo]| o | ot | on | on |
\ = I
DWn2 | DWn1 | DWno N e (s, hegpted in
Multiplexed bus Separate bus
fepu < 32 MHz | fepu > 32 MHz | fepu < 20 MHz | fepu > 20 MHz
0 0 0 None Setting prohibited None |Setting prohibited
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
Bits2t0 0 In-circuit emulator (IECUBE) setting
001 IECUBE is used when EXIMC register = 01H and fcru > 32 MHz.
000 IECUBE is used when other than above.
Other than above Setting prohibited

Caution Be sure to clear bits 15, 11,7, and 3 to “0”.

(2) Data wait control register 1 (DWC1)

The DWCH1 register can be read or written in 16-bit units (address: FFFFF486H, initial value: 7777H).

(a) When using the expanded internal RAM (does not apply to the xPD70F3931 (V850E/SJ3-H),
70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H))
Be sure to set the DWC1 register to the following value by setting the EXIMC register.
Caution In the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933 (V850E/SJ3-H),
expanded internal RAM is not provided. Therefore, the setting shown in “5.6.1 (2) (a)
When using expanded internal RAM” cannot be used. Be sure to use the setting shown
in “5.6.1 (2) (b) Not using expansion internal RAM”.
EXIMC Register Set Value DWC1 Register Set Value
00H (Multiplexed bus mode) 0777H
01H (Separate bus mode) 1777H
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(b) When not using the expanded internal RAM
To realize interfacing with a low-speed memory or I/O, up to seven data wait states can be inserted in the
bus cycle that is executed for each external memory area (3E00000H to 3FEBFFFH).
The number of wait states can be programmed by using the DWC1 register. Immediately after system
reset, 7 data wait states are inserted.

Cautions 1. Write to the DWC1 register after reset, and then do not change the set values. Also,
do not access an external memory area until the initial settings of the DWC1 register
are complete.

2. When the V850E/SJ3-H and V850E/SK3-H are used in separate bus mode and operated
at fcrpu > 20 MHz, be sure to insert one or more wait.
3. When the V850E/SJ3-H and V850E/SK3-H are used in multiplexed bus mode and
operated at fcru > 32 MHz, be sure to insert one or more wait.

After reset: 7777H

R/W Address: FFFFF486H

15 14 13 12 11 10 9 8
DWC1 | 0 ‘ 1 ‘ 1 ‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ 1
7 6 5 4 3 2 1 0
[ o | on | on | on | o | 1+ | 1 | 1
Bits 7 to 0 Number of wait states inserted in external memory area
(3E00000H to 3FEBFFFH)
Multiplexed bus Separate bus
fepu < 32 MHz fepu> 32 MHz fepu < 20 MHz fepu> 20 MHz
00000111 None Setting prohibited | None Setting prohibited
00010111 1
00100111 2
00110111 3
01000111 4
01010111 5
01100111 6
01110111 7

Caution Be sure to clear bits 15, 11, 7, and 3 to “0”, and set bits 14 to 12, 10 to 8, and 2 to 0 to “1”.
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5.6.2 External wait function

To synchronize an extremely slow external memory, I/O, or asynchronous system, any number of wait states can
be inserted in the bus cycle by using the external wait pin (WI’).

When the PCMO pin is set to alternate function, the external wait function is enabled.

Access to each area of the internal ROM, internal RAM, and on-chip peripheral 1/0 is not subject to control by the
external wait function, in the same manner as the programmable wait function.

Access to the expanded internal RAM area is controlled by the external wait function.

The WAIT signal can be input asynchronously to CLKOUT, and is sampled at the falling edge of the clock in the T2
and TW states of the bus cycle in the multiplexed bus mode. In the separate bus mode, it is sampled at the rising
edge of the clock immediately after the T1 and TW states of the bus cycle. If the setup/hold time of the sampling
timing is not satisfied, a wait state is inserted in the next state, or not inserted at all.
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5.6.3 Relationship between programmable wait and external wait
Wait cycles are inserted as the result of an OR operation between the wait cycles specified by the set value of the
programmable wait and the wait cycles controlled by the WAIT pin.

Programmable wait
Wait control
Wait via WAIT pin

For example, if the timing of the programmable wait and the WAIT pin signal is as illustrated below, three wait
states will be inserted in the bus cycle.

Figure 5-5. Inserting Wait Example

(a) Multiplexed bus

‘ T1 ‘ T2 ‘ T™W ‘ TW ‘ T™W ‘ T3 ‘
owour [ [ [ L[ L LI LI
WAIT pin / \ \ / / -

Wait via WAIT pin / \
Programmable wait / \
Wait control / \
(b) Separate bus
‘ T ‘ ™ ‘ TW ‘ ™ ‘ T2 ‘

wor LI LI LI LI LI LI
AT o 1 [T

Wait via WAIT pin / \

Programmable wait / \

Wait control j \

Remark The circles indicate the sampling timing.
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5.6.4 Programmable address wait function

Address-setup (ASW) or address-hold waits (AHW) to be inserted in each bus cycle can be set by using the AWC
register. Address wait insertion is set for each chip select area @ to @).

If an address setup wait is inserted, it seems that the high-clock period of the T1 state is extended by 1 clock. If an
address hold wait is inserted, it seems that the low-clock period of the T1 state is extended by 1 clock.

(1) Address wait control register (AWC)
The AWC register can be read or written in 16-bit units.
Reset sets this register to FFFFH.

Cautions 1. Address setup wait and address hold wait cycles are not inserted when the internal ROM
area, internal RAM area, and on-chip peripheral I/O areas are accessed.
2. Write to the AWC register after reset, and then do not change the set values. Also, do not
access an external memory area until the initial settings of the AWC register are complete.
3. When the V850E/SJ3-H and V850E/SK3-H are operated at fcru > 20 MHz, be sure to insert
the address hold wait and the address setup wait.
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After reset: FFFFH R/W

Address: FFFFF488H

15 14 13 12 11 10 9 8
awc| ot | on | o | on | on | on | on | on |

7 6 5 4 3 2 1 0

| Anws | asws | anwz | asw2 | amwi | aswi | o | on |
I L] L
CS3 CSs2 Cst
Bits 15t0 8 Expanded internal RAM/external memory area setting
00111171 1Note Expanded internal RAM is used. External memory area
(3EO0000H to 3FEBFFFH) is not used.
11110011 Expanded internal RAM is not used. External memory area

(3E00000H to 3FEBFFFH, AHW and ASW are not inserted

(setting prohibited when fcru > 20 MHz)) is used.

11110111

Expanded internal RAM is not used. External memory area

(3E00000H to 3FEBFFFH, AHW is not inserted (setting

prohibited when fcru > 20 MHz), ASW is inserted) is used.

11111011

Expanded internal RAM is not used. External memory area

(3EO0O0000H to 3FEBFFFH, AHW is inserted, ASW is not

inserted (setting prohibited when fcru > 20 MHz)) is used.

11111111

Expanded internal RAM is not used. External memory area
(3E00000H to 3FEBFFFH, AHW and ASW are inserted) is used.

Other than above

Setting prohibited

AHWnN Specifies insertion of address hold wait (n = 1 to 3)
feru <20 MHz fcpu > 20 MHz
0 Not inserted Setting prohibited
1 Inserted Inserted
ASWn Specifies insertion of address setup wait (n = 1 to 3)
fepu < 20 MHz fcpu > 20 MHz
0 Not inserted Setting prohibited
1 Inserted Inserted
Bits 1 and 0 In-circuit emulator (IECUBE) setting
00 IECUBE is used.

Other than above

Setting prohibited

Note This setting is prohibited in the #PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and

70F3933 (V850E/SJ3-H).
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5.7 Idle State Insertion Function

To facilitate interfacing with low-speed memories, one idle state (TI) can be inserted after the T3 state in the bus
cycle that is executed for each space selected by the chip select function in the multiplex address/data bus mode. In
the separate bus mode, one idle state (TI) can be inserted after the T2 state. By inserting an idle state, the data
output float delay time of the memory can be secured during read access (an idle state cannot be inserted during
write access).

Whether the idle state is to be inserted can be programmed by using the BCC register.

An idle state is inserted for all the areas immediately after system reset.

(1) Bus cycle control register (BCC)
The BCC register can be read or written in 16-bit units.
Reset sets this register to AAAAH.

Cautions 1. The internal ROM, internal RAM, and on-chip peripheral I/O areas are not subject to idle
state insertion.

2. Write to the BCC register after reset, and then do not change the set values. Also, do not

access an external memory area until the initial settings of the BCC register are complete.

After reset: AAAAH R/W Address: FFFFF48AH

15 14 13 12 11 10 9 8
sec| o1 | on | on | ot | on | o | on | on |
7 6 5 4 3 2 1 0
[Bost | o [ B2t | o [Bett | o | on | o |
—J 7 7
CS3 CSs2 Cst
<R> Bits 15t0 8 Expanded internal RAM/external memory area setting
0010101QNete Expanded internal RAM is used. External memory area

(3E00000H to 3FEBFFFH) is not used.

10100010 Expanded internal RAM is not used. External memory area
(BEO0000H to 3FEBFFFH, Tl is not inserted) is used.

10101010 Expanded internal RAM is not used. External memory area
(BEOOO0OH to 3FEBFFFH, Tl is inserted) is used.

Other than above | Setting prohibited

BCn1 Specifies insertion of idle state (n =1 to 3)
0 Not inserted
1 Inserted
Bit 1 In-circuit emulator (IECUBE) setting
0 IECUBE is used.
1 Setting prohibited
<R> Note This setting is prohibited in the pxPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and

70F3933 (V850E/SJ3-H).

Caution Be sure to clear bits 6, 4, 2, and 0 to “0”.
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5.8 Bus Hold Function

5.8.1 Functional outline
The HLDRQ and HLDAK functions are valid if the PCM2 and PCM3 pins are set to alternate function.
When the HLDRQ pin is asserted (low level), indicating that another bus master has requested bus mastership, the

external address/data bus goes into a high-impedance state and is released (bus hold status). If the request for the
bus mastership is cleared and the HLDRQ pin is deasserted (high level), driving these pins is started again.

During the bus hold period, execution of the program in the internal ROM and internal RAM is continued until an
on-chip peripheral 1/O register or the external memory is accessed.

The bus hold status is indicated by assertion of the HLDAK pin (low level). The bus hold function enables the
configuration of multi-processor type systems in which two or more bus masters exist.

Note that the bus hold request is not acknowledged during a multiple-access cycle initiated by the bus sizing
function or a bit manipulation instruction.

Status Data Bus Access Type Timing at Which Bus Hold Request
Width Is Not Acknowledged

CPU bus lock 16 bits Word access to even address Between first and second access
Word access to odd address Between first and second access
Between second and third access
Halfword access to odd address Between first and second access
8 bits Word access Between first and second access
Between second and third access

Between third and fourth access
Halfword access Between first and second access

Read-modify-write access of bit - - Between read access and write

manipulation instruction access
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5.8.2 Bus hold procedure
The bus hold status transition procedure is shown below.

<1>HLDRQ =0 acknowledged

<2> All bus cycle start requests inhibited
<8> End of current bus cycle Normal status
<4> Shift to bus idle status

<5> HLDAK =0

Bus hold status

<6> HLDRQ = 1 acknowledged
<7> HLDAK = 1
<8> Bus cycle start request inhibition released

<9> Bus cycle starts Normal status

HLDRQ (input)

HLDAK (output)

<1> <2> <3><4>| <5> <6>| <7><8><9>

5.8.3 Operation in power save mode

Because the internal system clock is stopped in the STOP, IDLE1, IDLE2, and sub-IDLE modes, the bus hold
status is not entered even if the HLDRQ pin is asserted.

In the HALT mode, the HLDAK pin is asserted as soon as the HLDRQ pin has been asserted, and the bus hold
status is entered. When the HLDRQ pin is later deasserted, the 'HLDAK pin is also deasserted, and the bus hold
status is cleared.
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5.9 Bus Priority

Bus hold, DMA transfer, operand data accesses, instruction fetch (branch), and instruction fetch (successive) are
executed in the external bus cycle.

Bus hold has the highest priority, followed by DMA transfer, operand data access, instruction fetch (branch), and
instruction fetch (successive).

An instruction fetch may be inserted between the read access and write access in a read-modify-write access.

If an instruction is executed for two or more accesses, an instruction fetch and bus hold are not inserted between
accesses due to bus size limitations.

Table 5-3. Bus Priority

Priority External Bus Cycle Bus Master
Hi Bus hold External device
igh
DMA transfer DMAC
Operand data access CPU
Instruction fetch (branch) CPU
Low Instruction fetch (successive) CPU
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5.10 Bus Timing

Figure 5-6. Multiplexed Bus Read Timing (Bus Size: 16 Bits, 16-Bit Access)

T1iT2iT35 iT1ET2ETWETWET3iTIiT1

St I Oy T Iy O B
A23to A16 :X A1 X::X ' DA ; ; fXAsf
’_'_\

WAIT ! ST\ 77 N/ T\ /

AD15toADO ------- GU A2 X D2 > """"
SIS A N W S A

Programmable” External Idle state
wait wait

8-bit access | Odd address | Even address
AD15 to AD8 Active Hi-Z
AD7 to ADO Hi-Z Active

Remark The broken lines indicate high impedance.

Figure 5-7. Multiplexed Bus Read Timing (Bus Size: 8 Bits)

T i T2 i T3§ §T1 i T2 i TW i TW i T3 i TI i ™ .
v Ll

A23to A16, AT |
AD15 to AD8 - -

ASTB |

I R

PN SN S DS B i B B
S S T S S R L o
P e s s s W e s s
CELS Gl IS i 2 SR S G
2NN N A B B VS S S A

' '
-

Programmable External “Idle state

wait wait

Remark The broken lines indicate high impedance.
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Figure 5-8. Multiplexed Bus Write Timing (Bus Size: 16 Bits, 16-Bit Access)
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Figure 5-10. Multiplexed Bus Hold Timing (Bus Size: 16 Bits, 16-Bit Access)
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Note This idle state (TI) does not depend on the BCC register settings.

See Table 2-3 for the pin statuses in the bus hold mode.

Remarks 1.

2. The broken lines indicate high impedance.
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Figure 5-11. Separate Bus Read Timing (Bus Size: 16 Bits, 16-Bit Access)
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Remark The broken lines indicate high impedance.

Figure 5-12. Separate Bus Read Timing (Bus Size: 8 Bits)
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Remark The broken lines indicate high impedance.
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Figure 5-13. Separate Bus Write Timing (Bus Size: 16 Bits, 16-Bit Access)
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wait

wait
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Active
Undefined
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Figure 5-14. Separate Bus Write Timing (Bus Size: 8 Bits)

WR1, WRO
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Remark The broken lines indicate high impedance.
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wait
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Figure 5-15. Separate Bus Hold Timing (Bus Size: 8 Bits, Write)

DT T2 Tt T2 TR TH L TH L TH L TH L T T T2
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CTSSto@j)( X / PRI S — SN - T \: :X

Note This idle state (TI) does not depend on the BCC register settings.

Remark The broken lines indicate high impedance.

Figure 5-16. Address Wait Timing (Separate Bus Read, Bus Size: 16 Bits, 16-Bit Access)
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Remarks 1. TASW (address setup wait): Image of high-level width of T1 state expanded.
2. TAHW (address hold wait): Image of low-level width of T1 state expanded.
3. The broken lines indicate high impedance.
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6.1 Overview

An outline of the clock generation function is shown below.

O Main clock oscillator

e Oscillation (fx) via externally connected 3 to 10 MHz resonator"™
O Subclock oscillator

¢ Oscillation (fxt) via externally connected 32.768 kHz resonator
O On-chip oscillator
fr = 100 to 400 kHz, 220 kHz (Typ.)
Used as default clock source for watchdog timer 2
Used as source clock for TMMO to TMM2

Used as sampling clock for monitoring abnormal stoppage of main clock oscillator (clock monitor)

e Whether on-chip oscillator can be stopped or not by software can be selected using option byte function
O Multiply function using PLL (Phase Locked Loop)
¢ x8 multiplication (Division by 2/no division after x8 multiplication selectable)
<R> O Division function of PLL input clock (fpLw)
¢ Division by 2/no division selectable by using option byte
O Multiply function, frequency modulation function using SSCG (Spread Spectrum Clock Generator)

x8 multiplication/x12 multiplication
No modulation/modulation selectable

Modulation ratio (TYP.): Selectable from —1%, —2% and —4% (using down spread method)
e Modulation cycle (TYP.): Selectable from 40 kHz, 50 kHz and 60 kHz
O Internal system clock generation
¢ Selectable from clock-through or PLL/SSCG output clock used as internal system clock
o Prescaler for internal system clock: 7 stages (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)
O Peripheral clock (fxp) generation
e When SSCG is used to generate internal system clock: PLL output clock supplied to on-chip peripheral
functions
O Clock output function (CLKOUT pin)

Note The selectable frequency range of the externally connected resonator differs depending on the clock
mode.

Remark fx: Main oscillation clock frequency
fxx:  Main clock frequency
fxt:  Subclock frequency
fr:  On-chip oscillation clock frequency
frLu: PLL input clock frequency
fxp:  Peripheral clock frequency
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6.2 Clock Mode

The V850E/SJ3-H and V850E/SK3-H have four clock modes. The features of these clock modes are described

below.

Caution The clock mode is set using the option byte, and therefore cannot be switched during operation.

Consequently, it is important to determine which clock mode is to be used, before starting

operation.

e Clock mode 1:

e Clock mode 2:

e Clock mode 3:

e Clock mode 4:

In this mode, PLL output (x8 multiplication/divided by 2 after x8 multiplication) can be selected
as the main clock (fxx), which can operate at up to 32 MHz.

In this mode, the main clock is used as the source of the peripheral clock.

In this mode, SSCG output (x12 multiplication) can be selected as the main clock (fxx), which
can operate at up to 48 MHz.

In this mode, either the main clock or the PLL output divided by 2 (divided by 2 after x8
multiplication: 16 MHz max.) can be selected as the peripheral clock. An undivided PLL output
(x8 multiplication: 32 MHz max.) can also be selected for the clock supplied to the IEBus
controller and CAN controller.

In this mode, SSCG output (x8/x12 multiplication) can be selected as the main clock (fxx),
which can operate at up to 48 MHz.

In this mode, either the main clock or the PLL output (x8 multiplication: 32 MHz max.) can be
selected as the peripheral clock.

In this mode, SSCG output (x8 multiplication) can be selected as the main clock (fxx), which
can operate at up to 48 MHz.

In this mode, either the main clock or the PLL output divided by 2 (divided by 2 after x8
multiplication: 24 MHz max.) can be selected as the peripheral clock.

The IEBus controller cannot be used in this mode.

The frequency range of the operating clocks in each clock mode and the corresponding source clocks are shown in

the table below.
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Table 6-1. Frequency Range of Operating Clocks in Each Clock Mode and Corresponding Source Cocks (1/2)

<R> Clock Mode Option Byte Range of Main Settable Operating Mode and Source Clock of Peripheral
0000007BH""* Oscillation Clock Main Clock Frequency (fxx) Clock (fxe), IEBus Clock (fig),
Setting value of Frequency (fx) CAN Clock (fcan)
PLLIO bit
Clock mode 1 3to 10 MHz Clock-through mode: Main clock: 3 to 10 MHz
3to 10 MHz (fxp = fie = fean = fxx)
3to 5 MHz Clock-through mode: Main clock: 3 to 5 MHz
3to 5 MHz (fxp = fie = fcan = fxx)
PLL mode (divided by 2 after x8 | Main clock: 12 to 20 MHz
multiplication) (fxp = fie = fean = fxx)
12 to 20 MHz
310 4 MHz Clock-through mode: Main clock: 3 to 4 MHz
310 4 MHz (fxp = fie = fcan = fxx)
PLL mode (x8 multiplication) Main clock: 24 to 32 MHz
24 to 32 MHz (fxp = fie = fcan = fxx)
<R> 6to 10 MHz Clock-through mode: Main clock: 6 to 10 MHz
6to 10 MHz (fxp = fie = fean = fxx)
6to 10 MHz Clock-through mode:
6to 10 MHz
PLL mode (divided by 2 after x8 | Main clock: 12 to 20 MHz
multiplication) (fxp = fie = fean = fxx)
12 to 20 MHz
6 to 8 MHz Clock-through mode: Main clock: 6 to 8 MHz
6 to 8 MHz (fxp = fie = fcan = fxx)
PLL mode (x8 multiplication) Main clock: 24 to 32 MHz
24 to 32 MHz (fxp = fie = fean = fxx)
Clock mode 2 3.66 to 4 MHz Clock-through mode: o fxp
3.66 to 4 MHz PLL clock (divided by 2 after
SSCG mode (x12 multiplication) | X8 multiplication)
43.92 to 48 MHz Laaa iRl e
<R> 7.32to 8 MHz Clock-through mode: * fie, foan
7.39 to 8 MHz PLL clock (x8 multiplication)
29.28 to 32 MHz
SSCG mode (x12 multiplication)
43.92 to 48 MHz

<R> Note For details, see CHAPTER 33 OPTION BYTE FUNCTION.

Cautions 1. In clock mode 1, the main clock (fxx) is supplied as the source of the peripheral clock (fxp, fig,

fcan). In this mode, the SSCG output clock cannot be used as the main clock.

2. In clock mode 2, the SSCG output clock is used as the main clock and the PLL output is used as
the peripheral clock. In these modes, the PLL output clock cannot be used as the main clock.
Also, when clock-through mode is selected for the main clock, the source of the peripheral

clock is the PLL output clock.
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Table 6-1. Frequency Range of Operating Clocks in Each Clock Mode and Corresponding Source Cocks (2/2)

<R> Clock Mode Option Byte Range of Main Settable Operating Mode and Source Clock of Peripheral
0000007BH""* Oscillation Clock Main Clock Frequency (fxx) Clock (fxe), IEBus Clock (fig),
Setting value of Frequency (fx) CAN Clock (fcan)
PLLIO bit
Clock mode 3 3.66 to 4 MHz Clock-through mode: PLL clock (x8 multiplication)

3.66 to 4 MHz 29.28 to 32 MHz
SSCG mode (x8 multiplication) | (e = fie = foan)
29.28 to 32 MHz
SSCG mode (x12 multiplication)
43.92 to 48 MHz

<R> 7.32 to 8 MHz Clock-through mode:
7.32 to 8 MHz
SSCG mode (x8 multiplication)
29.28 to 32 MHz
SSCG mode (x12 multiplication)
43.92 to 48 MHz

Clock mode 4 5.22 to 6 MHz Clock-through mode: PLL clock (divided by 2 after

5.22 to 6 MHz x8 multiplication)
SSCG mode (x8 multiplication) | 20-88 to 24 MHz
41.76 to 48 MHz (fxe = fie = foan)

<R> Setting prohibited

<R> Note For details, see CHAPTER 33 OPTION BYTE FUNCTION.

Cautions 1. In clock modes 3 and 4, the SSCG output clock is used as the main clock and the PLL output is

used as the peripheral clock. In these modes, the PLL output clock cannot be used as the main
clock. Also, when clock-through mode is selected for the main clock, the source of the
peripheral clock is the PLL output clock.

2. The IEBus controller cannot be used in clock mode 4.
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6.2.1 Clock mode 1

<R> Figure 6-1. Clock Generation Circuit for Clock Mode 1
PCC.FRC bit
XT1 Subclock | fxr fxr Lmzﬂr?d%a:iﬂetrilg?n
XT2 oscillator real-time counter

fere  TMM1, TMM2,
Prescaler 3 watch timer,
real-time counter

IDLE

PLLCTLSELPLL control
bit
IDLE mode

PCC.CK2 to CKO

PCC.CLS, CK3
bit

SSCGCTL.

srco sror oM sscacn 5 . bits
) SELSSCA bi 3 i
PCC.MCK PCCMERC register register ° Prescaler 2 HALT
bit bit 12 @ S
e - 3 d
cireuit|”| £ g fxx/32 % mode
(0] =
X10-~{ Main clock | fx ° g < P16 @ g [racs
il @ 8 & tos8 | B 3 P cpu
X20 oscillator 2 9 2 control
3 fxx/4 ﬂ’ 3
@ ] a fox  Internal
Main clock fog2 system
oscillator CKC.CKDIVO fxx clock
stop control PLLIO bit of bit

option byte PLLCTL.PLLON

STOP mode 0000007BHNete 8 bit CKC.C.KDIVO
) fr/8 TMMO to TMM2,
watchdog timer 2

On-chip
oscillator

1/8 circuit

RSTOP bit

ifxp fxp to fxp/1024  On-chip peripheral
Prescaler 1 " functionsN°e3
fhe=fe=tx_EBys controller

|fown=fre=fex_ CAN controller Ot 4,
CAN controller 1Netes

CLKOUT Port CM

Notes 1. SSCG cannot be used in clock mode 1.
2. The internal oscillation clock (fr) is selected when watchdog timer 2 overflows during the oscillation
stabilization time.
3. Internal peripheral functions: TMPO to TMP8, TMQO, TMMO to TMM2, CSIBO to CSIB5, CSIEQ"™’,
CSIE1™", UARTAOQ to UARTAS5, UARTBO, UARTBH, I*C00 to I’C03, I°C04"*’, FC05""’, ADC, WDT2

4. CAN controller versions only

5. CAN controller (2-channel) versions only

6. For details, see CHAPTER 33 OPTION BYTE FUNCTION.

7. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933

(V850E/SJ3-H)
Remark fx: Main oscillation clock frequency

fx: Subclock frequency
fR: On-chip oscillation clock frequency
frLLIZ PLL input clock frequency
frLLO: PLL output clock frequency
fsscao: SSCG output clock frequency
frLL: Multiplication clock frequency
fxx: Main clock frequency
foik: Internal system clock frequency
fepu: CPU clock frequency
fxp: Peripheral clock frequency (Prescaler 1 input clock frequency)
fiE: IEBus clock frequency
fean: CAN clock frequency
feRa: Prescaler 3 output clock frequency
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(1) Main clock oscillator
The main resonator oscillates the following frequencies (fx).

(a) PLLIO bit of the option byte 0000007BH = 0 (no division) (See CHAPTER 33 OPTION BYTE FUNCTION.)

e In clock-through mode
fx=31to 10 MHz

e In PLL mode
fx = 3 to 5 MHz (PLL: divided by 2 after x8 multiplication)
fx = 3 to 4 MHz (PLL: x8 multiplication)

<R> (b) PLLIO bit = 1 (divided by 2)

e In clock-through mode
fx =610 10 MHz

e In PLL mode
fx = 6 to 10 MHz (PLL: divided by 2 after x8 multiplication)
fx = 6 to 8 MHz (PLL: x8 multiplication)

The main clock oscillator starts operating after reset release.

(2) Subclock oscillator
The sub-resonator oscillates a frequency of 32.768 kHz (fxt).

(3) Main clock oscillator stop control
This circuit generates a control signal that stops oscillation of the main clock oscillator.
Oscillation of the main clock oscillator is stopped in the STOP mode or when the PCC.MCK bit = 1 (valid only
when the PCC.CLS bit = 1).

(4) Internal oscillator
Oscillates a frequency (fr) of 220 kHz (TYP.).
Oscillation can be stopped by setting the RCM.RSTOP bit. However, oscillation cannot be stopped if stopping
the on-chip oscillator has been disabled by setting the RMOPIN bit of the option byte 0000007AH (see
CHAPTER 33 OPTION BYTE FUNCTION for details) to 1.

(5) PLL

<R> The PLL multiplies the PLL input clock (frLu) by 8 (32 MHz max.). The PLL output clock (frLLo) can be
selected as the main clock (fxx). Clock-through mode, in which fx is output as is, or PLL mode, in which the
multiplied clock is output, can be selected by setting the PLLCTL.SELPLL bit.
The PLL output clock (frLLo) can be divided by 2 by setting the CKC.CKDIVO bit. Operation of the PLL can
also be enabled/stopped by setting the PLLCTL.PLLON bit.
The PLL either starts operating or enters the locked state after reset release (PLLCTL.PLLON bit = 1,
LOCKR.LOCK bit = 0).

(6) SSCG
The SSCG cannot be used in clock mode 1.
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(7)

®)

()

334

Prescaler 1

Prescaler 1 generates the clock to be supplied to the on-chip peripheral functions (fxe to fxr/1024), using the
peripheral clock (fxp) (= main clock (fxx)) as the source clock.

The following blocks are supplied by this clock.

TMPO to TMP8, TMQO, TMMO to TMM2, CSIBO to CSIB5, CSIEQ"™ ", CSIE1""*", UARTAQ to UARTAS,
UARTBO, UARTB, I°C00 to I°C03, 1°C04™"", I’C05""", ADC, WDT2, CANQ""* CAN1""**, IEBus

Notes 1. Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H)
2. CAN controller versions only
3. CAN controller (2-channel) versions only

Prescaler 2

This circuit divides the main clock (fxx).

The clock generated by prescaler 2 (fxx to fxx/32) is supplied to the selector that generates the CPU clock
(fcpu) and internal system clock (fcLk).

fcik is the clock supplied to the DMAC, INTC, ROM correction, ROM, RAM, and expanded internal RAM block,
and can be output from the CLKOUT pin.

Prescaler 3

This circuit divides the clock generated by the main clock oscillator (fx) to a specific frequency and supplies
that clock to the watch timer, TMM1, TMM2, and real-time counter block.

For details, see CHAPTER 10 WATCH FUNCTIONS.
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CHAPTER 6 CLOCK GENERATION FUNCTION

6.2.2 Clock mode 2

<R> Figure 6-2. Clock Generation Circuit for Clock Mode 2 (1/2)
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Notes 1. The PLL starts operating and enters the locked state after reset release (PLLCTL.PLLON bit = 1,
LOCKR.LOCK bit = 0). Do not subsequently stop the PLL by software (i.e., do not set the
PLLCTL.PLLON bit to 0). Under any of the following conditions, however, the PLL will stop
automatically.

e When a system reset is applied

e When the system enters IDLE2 or STOP mode

e When the CPU is operating on the subclock and the main clock is stopped (PCC.CKS3 bit = 1,
PCC.MCK bit = 1)

The PLL starts operation again when the condition is released. Be sure to set the oscillation

stabilization time and setup time to be inserted after conditions are released to over the lockup time

of PLL.

2. In clock mode 2, the PLL output clock (frLLo) cannot be selected as the main clock (fxx). However,
when the SSCG is stopped by setting the SSCGCTL.SSCGON bit to 0, the SSCGCTL.SELSSCG
bit automatically becomes 0, causing frLLo to be selected as the main clock. Consequently, when
switching from SSCG mode to clock-through mode, be sure to first set the PLLCTL.SELPLL bit to 0,
and then stop the SSCG by setting the SSCGON bit to 0 after switching modes. Similarly, when
switching from clock-through mode to SSCG mode, first set the SSCGON bit to 1 to start up the
SSCG, wait for the lockup time to elapse, then set the SELSSCG bit to 1 to select fsscao before
finally setting the SELPLL bit to 1.
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<R> Figure 6-2. Clock Generation Circuit for Clock Mode 2 (2/2)
Notes 3. In clock mode 2, be sure to set the CKC.CKDIVO bit to 1 (no division).
4. The internal oscillation clock (fr) is selected when watchdog timer 2 overflows during the oscillation
stabilization time.
5. Internal peripheral functions: TMPO to TMP8, TMQO, TMMO to TMM2, CSIBO to CSIB5, CSIEQ""®,
CSIE1™*°, UARTAO to UARTAS5, UARTBO, UARTB1, I°C00 to I°C03, I°C04"*°, I°C05""°, ADC,
WDT2
6. CAN controller versions only
7. CAN controller (2-channel) versions only.
8. For details, see CHAPTER 33 OPTION BYTE FUNCTION.
9. Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H)
Remark fx: Main oscillation clock frequency
fxT: Subclock frequency
fR: On-chip oscillation clock frequency
frLui: PLL input clock frequency
frLLo: PLL output clock frequency
fsscao:  SSCG output clock frequency
frLL: Multiplication clock frequency
fxx: Main clock frequency
fork: Internal system clock frequency
fepu: CPU clock frequency
fxmPLL: Peripheral clock for PLL output clock frequency
fxp: Peripheral clock frequency (Prescaler 1 input clock frequency)
fiE: IEBus clock frequency
fean: CAN clock frequency
fBRa: Prescaler 3 output clock frequency

(1) Main clock oscillator
Oscillates a next frequency (fx).

(a) PLLIO bit of the option byte 0000007BH (see CHAPTER 33 OPTION BYTE FUNCTION for details) = 0
(no division)

e fx=23.66to 4 MHz
<R> (b) PLLIO bit = 1 (divided by 2)
e fx=7.32t0 8 MHz
The main clock oscillator starts operating after reset release.

(2) Subclock oscillator
The subclock oscillator oscillates a frequency of 32.768 kHz (fxT).

(3) Main clock oscillator stop control
This circuit generates a control signal that stops oscillation of the main clock oscillator.
Oscillation of the main clock oscillator is stopped in the STOP mode or when the PCC.MCK bit = 1 (valid only
when the PCC.CLS bit = 1).
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(4)
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Internal oscillator

Oscillates a frequency (fr) of 220 kHz (TYP.).

Oscillation can be stopped by setting the RCM.RSTOP bit. However, oscillation cannot be stopped if stopping
the on-chip oscillator has been disabled by setting the RMOPIN bit of the option byte 0000007AH (see
CHAPTER 33 OPTION BYTE FUNCTION for details) to 1.

PLL
The PLL divides the PLL input clock (frLLi) by 2 after multiplies by 8 (16 MHz max.) to generate a peripheral
clock (fxp).

SSCG

The SSCG multiplies the PLL input clock (frLu) by 12 (48 MHz max.). The SSCG output clock (fsscco) can be
selected as the main clock (fxx). Clock-through mode, in which fx is output as is, or SSCG mode, in which
fsscao is output, can be selected by setting the PLLCTL.SELPLL bit.

In SSCG mode, the frequency modulation function can be used to effectively reduce the peak EMI noise value.
Frequency modulation/no frequency modulation, the frequency modulation ratio (down spread method), and
the frequency cycle can be set only once after reset.

Whether to operate or stop the SSCG can also be controlled using the SSCGCTL.SSCGON bit. Note that the
setting of this bit is only valid when the PLLCTL.PLLON bit is set to 1.

The SSCG stops operating after reset.

Prescaler 1

Prescaler 1 generates the clock to be supplied to the on-chip peripheral functions (fxp to fxr/1024), using the
peripheral clock (fxp) (= PLL output clock for peripheral clock (fxmpLL) divided by 2) as the source clock.

The following blocks are supplied by this clock.

TMPO to TMP8, TMQO, TMMO to TMM2, CSIBO to CSIB5, CSIEQ™" "', CSIE1™" ", UARTAO to UARTAS,
UARTBO, UARTBH, I°C00 to I°C03, I°C04""", I°'C05"", ADC, WDT2

Note that the PLL output clock for the peripheral clock (fxwrLL) is supplied directly to the CANQ""*?, CAN1""?,
and IEBus blocks.

Notes 1. Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H)
2. CAN controller versions only
3. CAN controller (2-channel) versions only

Prescaler 2

This circuit divides the main clock (fxx).

The clock generated by prescaler 2 (fxx to fxx/32) is supplied to the selector that generates the CPU clock
(fcpu) and internal system clock (fcik).

fck is the clock supplied to the DMAC, INTC, ROM correction, ROM, RAM, and expanded internal RAM
blocks, and can be output from the CLKOUT pin.

Prescaler 3

This circuit divides the clock generated by the main clock oscillator (fx) to a specific frequency and supplies
that clock to the watch timer, TMM1, TMM2, and real-time counter (RTC) blocks.

For details, see CHAPTER 10 WATCH FUNCTIONS.
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6.2.3 Clock mode 3

Figure 6-3. Clock Generation Circuit for Clock Mode 3 (1/2)
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The PLL starts operating and enters the locked state after reset release (PLLCTL.PLLON bit = 1,

LOCKR.LOCK bit = 0). Do not subsequently stop the PLL by software (i.e., do not set the

PLLCTL.PLLON bit to 0). Under any of the following conditions, however, the PLL will stop

automatically.

¢ When a system reset is applied

e When the system enters IDLE2 or STOP mode

e When the CPU is operating on the subclock and the main clock is stopped (PCC.CKS3 bit = 1,
PCC.MCK bit = 1)

The PLL starts operation again when the condition is released. Be sure to set the oscillation

stabilization time and setup time to be inserted after conditions are released to over the lockup time

of PLL.

In clock mode 3, the PLL output clock (frLLo) cannot be selected as the main clock (fxx). However,

when the SSCG is stopped by setting the SSCGCTL.SSCGON bit to 0, the SSCGCTL.SELSSCG

bit automatically becomes 0, causing frLLo to be selected as the main clock. Consequently, when

switching from SSCG mode to clock-through mode, be sure to first set the PLLCTL.SELPLL bit to 0,

and then stop the SSCG by setting the SSCGON bit to 0 after switching modes. Similarly, when

switching from clock-through mode to SSCG mode, first set the SSCGON bit to 1 to start up the

SSCG, wait for the lockup time to elapse, then set the SELSSCG bit to 1 to select fsscco before

finally setting the SELPLL bit to 1.
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CHAPTER 6 CLOCK GENERATION FUNCTION

<R> Figure 6-3. Clock Generation Circuit for Clock Mode 3 (2/2)
Notes 3. In clock mode 3, be sure to set the CKC.CKDIVO bit to 1 (no division).
4. The internal oscillation clock (fr) is selected when watchdog timer 2 overflows during the oscillation
stabilization time.
5. Internal peripheral functions: TMPO to TMP8, TMQO, TMMO to TMM2, CSIBO to CSIB5, CSIEQ""®,
CSIE1™"*®, UARTAO to UARTA5, UARTBO, UARTB1, I°C00 to I°C03, I°C04"*°, I’C05""°, ADC,
WDT2
6. CAN controller versions only
7. CAN controller (2-channel) versions only
8. For details, see CHAPTER 33 OPTION BYTE FUNCTION.
9. Not available in the 4PD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H)
Remark fx: Main oscillation clock frequency
fx: Subclock frequency
fr: On-chip oscillation clock frequency
feLui: PLL input clock frequency
frLLO: PLL output clock frequency
fsscao: SSCG output clock frequency
frLL: Multiplication clock frequency
fxx: Main clock frequency
fork: Internal system clock frequency
fcpu: CPU clock frequency
fXMPLL: Peripheral clock for PLL output clock frequency
fxp: Peripheral clock frequency (Prescaler 1 input clock frequency)
fiE: IEBus clock frequency
fcan: CAN clock frequency
fBRaG: Prescaler 3 output clock frequency
(1) Main clock oscillator
Oscillates a next frequency (fx).
(a) PLLIO bit of the option byte 0000007BH = 0 (no division) (See CHAPTER 33 OPTION BYTE FUNCTION.)
o fx =3.66 to 4 MHz
<R> (b) PLLIO bit = 1 (divided by 2)

e fx=7.32to 8 MHz

The main clock oscillator starts operating after reset release.

(2) Subclock oscillator
The subclock oscillator oscillates a frequency of 32.768 kHz (fxT).
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Main clock oscillator stop control

This circuit generates a control signal that stops oscillation of the main clock oscillator.

Oscillation of the main clock oscillator is stopped in the STOP mode or when the PCC.MCK bit = 1 (valid only
when the PCC.CLS bit = 1).

Internal oscillator

Oscillates a frequency (fr) of 220 kHz (TYP.).

Oscillation can be stopped by setting the RCM.RSTOP bit. However, oscillation cannot be stopped if stopping
the on-chip oscillator has been disabled by setting the RMOPIN bit of the option byte 0000007AH (see
CHAPTER 33 OPTION BYTE FUNCTION for details) to 1.

PLL
The PLL multiplies the PLL input clock (frLui) by 8 (32 MHz max.) to generate a peripheral clock (fpLu).

SSCG

The SSCG multiplies the PLL input clock (frLu) by 8 (32 MHz max.). The SSCG output clock (fsscao) can be
selected as the main clock (fxx). Clock-through mode, in which fx is output as is, or SSCG mode, in which
fsscao is output, can be selected by setting the PLLCTL.SELPLL bit.

In SSCG mode, the frequency modulation function can be used to effectively reduce the peak EMI noise value.
Frequency modulation/no frequency modulation, the frequency modulation ratio (down spread method), and
the frequency cycle can be set only once after reset.

Whether to operate or stop the SSCG can also be controlled using the SSCGCTL.SSCGON bit. Note that the
setting of this bit is only valid when the PLLCTL.PLLON bit is set to 1.

The SSCG stops operating after reset.

Prescaler 1

Prescaler 1 generates the clock to be supplied to the on-chip peripheral functions (fxe to fxr/1024), using the
peripheral clock (fxp) (= PLL output clock for peripheral clock (fxvprLL)) as the source clock.

The following blocks are supplied by this clock.

TMPO to TMP8, TMQO, TMMO to TMM2, CSIBO to CSIB5, CSIEQ™" ', CSIE1"™" ", UARTAO to UARTAS5,
UARTBO, UARTBH1, IC00 to IFC03, IFC04""", ’C05""", ADC, WDT2, CANO""*?, CAN1""*°, IEBus

Notes 1. Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H)
2. CAN controller versions only
3. CAN controller (2-channels) versions only

Prescaler 2

This circuit divides the main clock (fxx).

The clock generated by prescaler 2 (fxx to fxx/32) is supplied to the selector that generates the CPU clock
(fcpu) and internal system clock (fcLk).

fck is the clock supplied to the DMAC, INTC, ROM correction, ROM, RAM, and expanded internal RAM
blocks, and can be output from the CLKOUT pin.

Prescaler 3

This circuit divides the clock generated by the main clock oscillator (fx) to a specific frequency and supplies
that clock to the watch timer, TMM1, TMM2, and real-time counter (RTC) blocks.

For details, see CHAPTER 10 WATCH FUNCTIONS.
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6.2.4 Clock mode 4

<R> Figure 6-4. Clock Generation Circuit for Clock Mode 4 (1/2)
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Notes 1. The PLL starts operating and enters the locked state after reset release (PLLCTL.PLLON bit = 1,
LOCKR.LOCK bit = 0). Do not subsequently stop the PLL by software (i.e., do not set the
PLLCTL.PLLON bit to 0). Under any of the following conditions, however, the PLL will stop
automatically.

e When a system reset is applied
e When the system enters IDLE2 or STOP mode
e When the CPU is operating on the subclock and the main clock is stopped (PCC.CK3 bit = 1,
PCC.MCK bit = 1)

The PLL starts operation again when the condition is released. Be sure to set the oscillation
stabilization time and setup time to be inserted after conditions are released to over the lockup time
of PLL.

2. In clock mode 4, the PLL output clock (frLLo) cannot be selected as the main clock (fxx).
However, when the SSCG is stopped by setting the SSCGCTL.SSCGON bit to 0, the
SSCGCTL.SELSSCG bit automatically becomes 0, causing frLo to be selected as the
multiplication clock. Consequently, when switching from SSCG mode to clock-through mode, be
sure to first set the PLLCTL.SELPLL bit to 0, and then stop the SSCG by setting the SSCGON bit to
0 after switching modes. Similarly, when switching from clock-through mode to SSCG mode, first
set the SSCGON bit to 1 to start up the SSCG, wait for the lockup time to elapse, then set the
SELSSCG bit to 1 to select fssceo before finally setting the SELPLL bit to 1.
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Figure 6-4. Clock Generation Circuit for Clock Mode 4 (2/2)
Notes 3. In clock mode 4, be sure to set the CKC.CKDIVO bit to 1 (no division).
4. The internal oscillation clock (fr) is selected when watchdog timer 2 overflows during the oscillation
stabilization time.
5. Internal peripheral functions: TMPO to TMP8, TMQO, TMMO to TMM2, CSIBO to CSIB5, CSIEQ"™",
CSIE1™"* ", UARTAO to UARTA5, UARTBO, UARTB1, I°C00 to I°C03, I°C04"*", ’C05"*"°, ADC,
WDT2
6. The IEBus controller cannot be used in clock mode 4.
7. CAN controller versions only
8. CAN controller (2-channel) versions only
9. In clock mode 4, be sure to set the PLLIO bit of the option byte 0000007BH to 0 (no division).
10. Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H)
Remark fx: Main oscillation clock frequency
fxT: Subclock frequency
fR: On-chip oscillation clock frequency
frLui: PLL input clock frequency
fro:  PLL output clock frequency
fsscao: SSCG output clock frequency
frLL: Multiplication clock frequency
fxx: Main clock frequency
fork: Internal system clock frequency
fepu: CPU clock frequency
fxmpLL:  Peripheral clock for PLL output clock frequency
fxp: Peripheral clock frequency (Prescaler 1 input clock frequency)
fie: IEBus clock frequency
fean: CAN clock frequency
fBra: Prescaler 3 output clock frequency
(1) Main clock oscillator
Oscillates a frequency (fx) of 5.22 to 6 MHz.
The main clock oscillator starts operating after reset release.
(2) Subclock oscillator
The subclock oscillator oscillates a frequency of 32.768 kHz (fxT).
(8) Main clock oscillator stop control
This circuit generates a control signal that stops oscillation of the main clock oscillator.
Oscillation of the main clock oscillator is stopped in the STOP mode or when the PCC.MCK bit = 1 (valid only
when the PCC.CLS bit = 1).
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Internal oscillator

Oscillates a frequency (fr) of 220 kHz (TYP.).

Oscillation can be stopped by setting the RCM.RSTOP bit. However, oscillation cannot be stopped if stopping
the on-chip oscillator has been disabled by setting the RMOPIN bit of the option byte 0000007AH (see
CHAPTER 33 OPTION BYTE FUNCTION for details) to 1.

PLL
The PLL divides the PLL input clock (frLui) by 2 after multiplies by 8 (24 MHz max.) to generate a peripheral
clock (fxp).

SSCG

The SSCG multiplies the PLL input clock (frLui) by 8 (32 MHz max.). The SSCG output clock (fsscao) can be
selected as the main clock (fxx). Clock-through mode, in which fx is output as is, or SSCG mode, in which
fsscao is output, can be selected by setting the PLLCTL.SELPLL bit.

In SSCG mode, the frequency modulation function can be used to effectively reduce the peak EMI noise value.
Frequency modulation/no frequency modulation, the frequency modulation ratio (down spread method), and
the frequency cycle can be set only once after reset.

Whether to operate or stop the SSCG can also be controlled using the SSCGCTL.SSCGON bit. Note that the
setting of this bit is only valid when the PLLCTL.PLLON bit is set to 1.

The SSCG stops operating after reset.

Prescaler 1

Prescaler 1 generates the clock to be supplied to the on-chip peripheral functions (fxp to fxr/1024), using the
peripheral clock (fxp) (= PLL output clock for peripheral clock (fxmpLL) divided by 2) as the source clock.

The following blocks are supplied by this clock.

TMPO to TMP8, TMQO, TMMO to TMM2, CSIBO to CSIB5, CSIEQ™ ", CSIE1"™*", UARTAO to UARTAS,
UARTBO, UARTBH, I°C00 to I°C03, I°C04™"", I’'C05""", ADC, WDT2, CANQ""**, CAN1""*°, IEBus""**

Notes 1. Not available in the xPD70F3931 (V850E/SJ3-H), 70F3932 (V850E/SJ3-H), and 70F3933
(V850E/SJ3-H)
2. CAN controller versions only
3. CAN controller (2-channel) versions only
4. The IEBus controller cannot be used because the frequency of the peripheral clock supplied to the
IEBus controller cannot be divided to equal a frequency of 6.29 MHz.

Prescaler 2

This circuit divides the main clock (fxx).

The clock generated by prescaler 2 (fxx to fxx/32) is supplied to the selector that generates the CPU clock
(fcpu) and internal system clock (fcLk).

fck is the clock supplied to the DMAC, INTC, ROM correction, ROM, RAM, and expanded internal RAM
blocks, and can be output from the CLKOUT pin.

Prescaler 3

This circuit divides the clock generated by the main clock oscillator (fx) to a specific frequency and supplies
that clock to the watch timer, TMM1, TMM2, and real-time counter (RTC) blocks.

For details, sse CHAPTER 10 WATCH FUNCTIONS.
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6.2.5 Clock mode setting
The clock mode can be set by using the SELCM2 to SELCMO bits of the option byte 0000007BH. For details, see
CHAPTER 33 OPTION BYTE FUNCTION.

Caution The clock mode cannot be changed during operation.

Table 6-2. Clock Mode Setting

Clock Mode Setting of SELCM2 to SELCMO Bits of Option Byte 0000007BH
SELCM2 SELCM1 SELCMO
Clock mode 1 0 0 0
Clock mode 2 1 1 1
Clock mode 3 1 0 0
Clock mode 4 1 1 0

When using clock modes 2, 3, or 4, set appropriate values to the CKC and SFCO registers while the clock modes
are in their initial status following reset release; that is, in clock-through mode and with SSCG operation stopped. At
this time, also be sure to make the SSCG frequency modulation/no modulation, frequency modulation ratio (down
spread method) and frequency cycle settings using the SFC1 register.

In addition, be sure to set the CKC, SFCO, and SFC1 registers only once after reset is released. These settings
cannot be changed during operation.

For details of the initial settings when using clock modes 2, 3, and 4, see 6.4.4 (1) Initial settings for using clock
modes 2, 3, and 4.

344 User's Manual U19201EJ3VOUD



CHAPTER 6 CLOCK GENERATION FUNCTION

6.3 Registers

(1) Processor clock control register (PCC)
The PCC register is a special register. Data can be written to this register only in combination of specific
sequences (see 3.4.8 Special registers).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 03H.

(1/2)
After reset: 03H R/W Address: FFFFF828H
7 <6> 5 <4> <3> 2 1 0
pcc | FRc | Mok | MFRC |cLs™e | cks | ck2 | okt | cko |
FRC Use of subclock on-chip feedback resistor
0 Used
1 Not used
MCK Main clock oscillator control
0 Oscillation enabled
1 Oscillation stopped
¢ Even if the MCK bit is set (1) while the system is operating with the main clock as
the CPU clock, the operation of the main clock does not stop. It stops after the
CPU clock has been changed to the subclock.
» Before setting the MCK bit from 0 to 1, stop the on-chip peripheral functions
operating with the main clock.
¢ When the main clock is stopped and the device is operating with the subclock,
clear (0) the MCK bit and secure the oscillation stabilization time by software
before switching the CPU clock to the main clock or operating the on-chip
peripheral functions.
MFRC Use of main clock on-chip feedback resistor
0 Used
1 Not used
CLGNote Status of CPU clock (fcru)
0 Main clock operation
1 Subclock operation
Note The CLS bit is a read-only bit.
345
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(2/2)

CK3 CKk2 CK1 CKO Clock selection (fci/fepu)
0 0 0 0 fxx
0 0 0 1 fxx/2
0 0 1 0 fxx/4
0 0 1 1 fxx/8
0 1 0 0 fxx/16
0 1 0 1 fxx/32
0 1 1 X Setting prohibited
1 X X X fxt

Cautions 1. Do not change the CPU clock (by using the CK3 to CKO bits) while

CLKOUT is being output.

2. When manipulating the CK3 bit, do not change the set values of the CK2

to CKO bits.

3. When the main clock oscillator is stopped, be sure to stop operation of
the on-chip peripheral functions that are operating on the peripheral

clock (fxp, fig, fcan).

4. When setting subclock operation mode (CK3 bit = 1), if the following
condition is not satisfied, make sure to satisfy it by changing the CK2 to
CKO bit settings before shifting to subclock operation mode.

Internal system clock (fcLk) > Subclock (fxt: 32.768 kHz) x 4

Remark x: don’t care
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(2) Internal oscillation mode register (RCM)
The RCM register is an 8-bit register that sets the operation mode of the internal oscillator.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF80CH

5 3 2 1 <0>
rev | o | o | o | o | o | o | o [rstor]
RSTOP Oscillation/stop of internal oscillator
0 Internal oscillator oscillation
1 Internal oscillator stopped

Cautions 1. The internal oscillator cannot be stopped while the CPU is operating
on the internal oscillation clock (CCLS.CCLSF bit = 1). Do not set the
RSTOP bit to 1.

2. The internal oscillator oscillates if the CCLS.CCLSF bit is set to 1
(when WDT overflow occurs during oscillation stabilization) even
when the RSTOP bit is set to 1. At this time, the RSTOP bit remains
being set to 1.

3. The setting of the RSTOP bit is only valid when stopping the on-chip
oscillator has been enabled by setting the RMOPIN bit of the option
byte 0000007AH (see CHAPTER 33 OPTION BYTE FUNCTION for
details) to 0. If stopping the on-chip oscillator has been disabled by
setting the RMOPIN bit of the option byte 0000007AH to 1, the RSTOP
bit setting is invalid.

4. Be sure to set bits 1 to 7 to “0”.

(3) CPU operation clock status register (CCLS)
The CCLS register indicates the status of the CPU operation clock.
This register is read-only, in 8-bit or 1-bit units.
Reset sets this register to O0H.

After reset: 0OHN°*® R Address: FFFFF82EH

1 0
cc,s | o | o | o [ o | o | o | o |cosF|
CCLSF CPU operation clock status
0 Operating on main clock (fx) or subclock (fxt).
1 Operating on internal oscillation clock (fr).

Note If WDT overflow occurs during oscillation stabilization time after a reset is released,
the CPU operates on the internal oscillation clock (fr). At this time, the CCLSF bit is
set to 1 and the reset value is 01H.
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(4) PLL control register (PLLCTL)
The PLLCTL register is an 8-bit register that controls the PLL function.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to 01H.

After reset: 01H R/W Address: FFFFF82CH

7 6 5 4 3 2 <1> <0>
pet | o | o | o | o | o | o [SsELPLL] PLLON |
PLLON PLL operation stop register
0 PLL stopped
1 PLL operating
(After PLL operation starts, a lockup time is required for frequency stabilization)
SELPLL CPU operation clock selection register
0 Clock-through mode
1 PLL mode or SSCG mode
Cautions 1. In clock modes 2, 3, and 4, do not stop the PLL by software (i.e., do not set the

PLLCTL.PLLON bit to 0).

When stopping PLL operation in clock mode 1, first set the clock through
mode (SELPLL bit = 0), wait for at least 8 clocks, and then stop the PLL
(PLLON bit = 0). When the PLLON bit is cleared to 0, the SELPLL bit is
automatically cleared to 0 (clock-through mode), but be sure to stop the PLL in
the above procedure.

When stopping SSCG operation in clock modes 2, 3, and 4, first set the clock-
through mode (SELPLL bit = 0), then stop the SSCG (by setting the
SSCGCTL.SSCGON bit to 0) after waiting for at least 8 clocks to elapse.

Set the SELPLL bit to 1 after the PLL clock frequency or SSCG clock frequency
has stabilized (locked state). If the PLL frequency is not stable (LOCKR.LOCK
bit = 1 (unlocked state)), even if 1 is written to the SELPLL bit, 0 will end up
being written. Also, be sure to properly secure the SSCG lockup time by
software.
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(5) Clock control register (CKC)
The CKC register is a special register. Data can be written to this register only in a combination of specific
sequence (see 3.4.8 Special registers).
The CKC register sets the multiplication clock (frLL).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 0AH.

After reset: 0AH R/W  Address: FFFFF822H

7 6 5 4 3 2 1 0
ckc | o | o | o | o | 1 | o | 1 [|ckowo]
CKDIVO Selection of multiplication clock

0 feLL = frLo/2 (divided by 2 after multiplication)

1 frLe = frLLo or fssceo (no division after multiplication)

Cautions 1. The CKC.CKDIVO bit can be switched in clock mode 1. However,
when setting the CKDIVO bit, be sure to set the clock-through mode
and stop the PLL.

2. In clock modes 2, 3, and 4, be sure to set the CKDIVO bit to 1 (no
division) immediately after reset is released, while the clock modes
are still in clock-through mode (PLLCTL.SELPLL bit = 0). Set the CKC
register only once after reset is released. These settings cannot be
changed during operation. For details of the initial settings, see 6.4.4
(1) Initial settings for using clock modes 2, 3, and 4.

3. Be sure to set bits 1 and 3 to “1” and set bits 2 and 4 to 7 to “0”.

Remark When using PLL mode in clock mode 1, the peripheral clock will be identical to
the main clock. Therefore, both the peripheral clock and the main clock will be
subject to the division setting made by the CKDIVO bit.
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(6) Lock register (LOCKR)

Phase lock occurs at a given frequency following power application or immediately after the STOP mode is
released, and the time required for stabilization is the lockup time (frequency stabilization time). This state
until stabilization is called the lockup status, and the stabilized state is called the locked status.

The LOCKR register includes a LOCK bit that reflects the PLL frequency stabilization status.

This register is read-only, in 8-bit or 1-bit units.

Reset sets this register to 00H.

After reset: 00H R Address: FFFFF824H

7 5 4 3 2 <0>
tockR [ o | o | o | o | o | o | o | rock |
LOCK PLL lock status check
0 Locked status
1 Unlocked status

Caution The LOCK register does not reflect the lock status of the PLL in real time.
The set/clear conditions are as follows.

[Set conditions]
e Upon system reset
In IDLE2 or STOP mode
Upon setting of PLL stop (clearing of PLLCTL.PLLON bit to 0)
Upon stopping main clock and using CPU with subclock (setting of PCC.CKS bit to 1
and setting of PCC.MCK bit to 1)
¢ The main clock oscillator is not oscillating (when operating on the internal oscillation
clock (fr) (CCLS.CCLSF bit is set to 1))

Note

Note This register is set to 01H by reset and cleared to O0H after the reset has
been released and the oscillation stabilization time has elapsed.

[Clear conditions]

* Upon overflow of oscillation stabilization time following reset release (OSTS register
default time (see 26.2 (3) Oscillation stabilization time select register (OSTS)))

¢ Upon oscillation stabilization timer overflow (time set by OSTS register) following
STOP mode release, when the STOP mode was set in the PLL operating status

e Upon PLL lockup time timer overflow (time set by PLLS register) when the
PLLCTL.PLLON bit is changed from 0 to 1

o After the setup time inserted upon release of the IDLE2 mode is released (time set by
the OSTS register) when the IDLE2 mode is set during PLL operation.
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(7) PLL lockup time specification register (PLLS)

The PLLS register is an 8-bit register used to select the PLL lockup time when the PLLCTL.PLLON bit is

changed from 0 to 1.
This register can be read or written in 8-bit units.
Reset sets this register to 03H.

After reset: 03H R/W Address: FFFFF6C1H

5 4 3 2 1 0
Pis [ o | o | o | o | o | o |Pst|PLso |
PLLS1 PLLSO Selection of PLL lockup time
0 0 210/fx
0 1 21/ix
1 0 2'2/fx
1 1 213/ (initial value)

Cautions 1. Set so that the lockup time is 800 us or longer.
2. Do not change the PLLS register setting during the lockup period.
3. Be sure to set bits 2 to 7 to “0”.
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(8) SSCG control register (SSCGCTL)
The SSCGCTL register is an 8-bit register used to control the SSCG.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to 00H.

After reset: 00OH R/W  Address: FFFFF3FOH

sscGeTL |

7 5 4 3 2 <1> <0>

o | o | o | o | o | o seLsscasscaon]|
SELSSCG Selection of multiplication clock (frL) to set main clock (fxx)

0 PLL output clock (feLLo)

1 SSCG output clock (fssceo)
SSCGON SSCG operation control

0 SSCG stopped

1

SSCG operating (lockup time required before operation starts)

Cautions 1. The SSCG cannot be used in clock mode 1. Do not change the initial

settings of the SSCGCTL register in this mode.

. In clock modes 2, 3, and 4, the PLL output clock (frLLo) cannot be

selected for the multiplication clock (fpLL).

However, when the SSCG is stopped by setting the
SSCGCTL.SSCGON bit to 0, the SSCGCTL.SELSSCG bit
automatically becomes 0, causing fr.o to be selected as the
multiplication clock. Consequently, when switching from SSCG
mode to clock-through mode, be sure to first set the
PLLCTL.SELPLL bit to 0, and then stop the SSCG by setting the
SSCGON bit to 0 after switching modes. Similarly, when switching
from clock-through mode to SSCG mode, first set the SSCGON bit
to 1 to start up the SSCG, wait for the lockup time to elapse, then set
the SELSSCG bit to 1 to select fsscco before finally setting the
SELPLL bit to 1.

. When the PLL is stopped (PLLCTL.PLLON bit = 0), the SSCG will not

operate even if the SSCGCTL.SSCGON bit is set to 1. Note,
however, that the PLL cannot be stopped in clock modes 2, 3, and 4.

4. Be sure to set bits 2 to 7 to “0”.
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CHAPTER 6 CLOCK GENERATION FUNCTION

(9) SSCG frequency control register 0 (SFCO0)
The SFCO register is a special register. Data can be written to this register only in a combination of specific

sequences (see 3.4.8 Special registers).

The SFCO register is an 8-bit register used to control the main oscillation clock frequency (fx) of the SSCG.
Set the following values to this register in accordance with the clock mode used.

This register can be read or written in 8-bit units.

(address: FFFFF3F1H, initial value: 00H)

Cautions 1. The SSCG cannot be used in clock mode 1. Do not change the initial settings of the

SFCO register in this mode.

2. In clock modes 2, 3, and 4, be sure to make the SFCO register settings immediately after
reset is released, while the clock modes are still in clock-through mode (PLLCTL.SELPLL
bit = 0) and the SSCG is stopped (SSCGCTL.SSCGON bit = 0). In addition, be sure to set
the SFCO register only once after reset is released. These settings cannot be changed
during operation. For details, see 6.4.4 (1) Initial settings for using clock modes 2, 3, and

4,
Clock Mode SFCO PLLIO Bit Setting Set SSCG Multiplication
Register | Value of Option Factor/SSCG Main Oscillation
Setting | Byte 0000007BH Clock Frequency (fx)
Clock mode 1 | (PLL output clock (x8 multiplication, 32 MHz Setting 0 SSCG mode cannot be used.
max.) can be selected as main clock (fxx)) prohibited 1
Clock mode 2 | (SSCG output clock (x12 multiplication, 48 MHz | 34H 0 x12 multiplication/3.66 to 4 MHz
max.) can be selected as main clock (fxx)) 1 x12 multiplication/7.32 to 8 MHz
Clock mode 3 | (SSCG output clock (x8 multiplication, 32 MHz | 2AH 0 x8 multiplication/3.66 to 4 MHz
max.) can be selected as main clock (fxx)) 1 x8 multiplication/7.32 to 8 MHz
(SSCG output clock (x12 multiplication, 48 MHz | 34H 0 x12 multiplication/3.66 to 4 MHz
max.) can be selected as main clock (fxx)) 1 x12 multiplication/7.32 to 8 MHz
Clock mode 4 | (SSCG output clock (x8 multiplication, 48 MHz | 54H 0 x8 multiplication/5.22 to 6 MHz
max.) can be selected as main clock (fxx)) 1 Setting prohibited
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(10) SSCG frequency control register 1 (SFC1)
The SFC1 register is a special register. Data can be written to this register only in a combination of specific
sequences (see 3.4.8 Special registers).
The SFC1 register is an 8-bit register used to control the frequency modulation specification, frequency
modulation ratio, and modulation cycle of the SSCG.
This register can be read or written in 8-bit units.
Reset sets this register to 00H.

After reset: 0OH R/W  Address: FFFFF3F2H

7 6 5 4 3 2 1 0
sFct [ sFc17| o | sFcis|sFcta | o | o | sFci1 | sFcio |

SFC17 SSCG frequency modulation specification

0 No modulation

1 Modulation
SFC15 | SFC14 Selection of SSCG output frequency modulation ratio

0 0 -1% (TYP. value)

0 1 —2% (TYP. value)

1 0 —4% (TYP. value)

1 1 Setting prohibited

1%, 2%, -4% :\

>N .
Frequency without modulation

SFC11 | SFC10 Selection of SSCG output modulation cycle
0 0 40 kHz (TYP. value)
0 1 50 kHz (TYP. value)
1 0 60 kHz (TYP. value)
1 1 Setting prohibited

Cautions 1. The SSCG cannot be used in clock mode 1. Do not change the initial
settings of the SFC1 register in this mode.

2. In clock modes 2, 3, and 4, be sure to make the SFC1 register settings
immediately after reset is released, while the clock modes are still in
clock-through mode (PLLCTL.SELPLL bit = 0) and the SSCG is
stopped (SSCGCTL.SSCGON bit = 0). In addition, be sure to set the
SFC1 register only once after reset is released. These settings
cannot be changed during operation. For details, see 6.4.4 (1) Initial
settings for using clock modes 2, 3, and 4.

3. Be sure to set bits 2, 3, and 6 to “0”.
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6.4 Operation

6.4.1

Operation of each clock

The operating status of each clock is shown in the table below.

Table 6-3. Clock Operating Statuses

Register Setting CLS bit =0, CLS bit =0, CLS bit=1, [CLSbhit=1,
nd Operating MCK bit = 0, MCK bit = 0, MCK bit =0, [MCK bit=1,
Status SELPLL bit =0 SELPLL bit = 1 SELPLL bit = [ SELPLL bit
0N =01
Target Clock <1>[<2>[<3>|<4> | <5> | <6> | <7>|<8> | <9> | <38> | <4> | <5> | <6> | <7> | <8> [ <9> | <2> [<10> [ <11> | <10> [<11>
Main clock x| N AN A A A A x| VA A A A A x [ ] A] A A x| x
oscillator (fx)
Subclockoscillator | Y | N [ N [ N | N N[N A A A A AN A A ANAf A A A]A]A
(fxT)
CPU clock (fcpu) X =V V| x| x| ox x| x V] Y x ] x ] x sV x x|V x| x
Note 1 Note 2 Note 1 Note 2 Note 1
Main clock (fxx) X oV Vx| Y x V] VY ] x| x eV x ey V| ox ] x| x
Note 1 Note 1 Note 2 Note 1| Note 1
Internal system X x>V NV x| x x| x =V N ] x| x sV x x| Y x| x
clock (feix) Note 1 Note 2 Note 1 Note 2 Note 1
Peripheralclock (fxe | x | x | ¥ | ¥ | x | x | x | x | x | V| V| x| x| x| x| x|x|~N]|x]|x]x
to fxr/1024)
WT clock (main) X oV VN AN ANV x oV NNV V] x ey VY] x| x
Note 1 Note 1 Note 1| Note 1
WT clock (sub) NN A N \ N A NN v
WDT2 clock (on- x | N[ A N \ N NN N
chip oscillation)
WDT?2 clock (main) x | NN x| x| x| x| x Vx| x| x| x| x| x| |x]x]|x
WDT?2 clock (sub) VN[V A VAN VA VANV
<1> FSETpininput
<2> During counting of oscillation stabilization time
<3> Main clock operation mode
<4> HALT mode
<5> IDLE1 mode
<6> IDLE2 mode
<7> During counting of setup time after IDLE2 mode release
<8> STOP mode
<9> During counting of oscillation stabilization time after STOP mode release
<10> Subclock operation mode
<11> Sub-IDLE mode
Notes 1. x changes to V after the oscillation stabilization time has elapsed.
2. xchanges to V after the setup time has elapsed.
Remark +: Operable
x: Stopped
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6.4.2 Clock output function

The clock output function is used to output the internal system clock (fcLk) from the CLKOUT pin.

The internal system clock (fcik) is selected by using the PCC.CK3 to PCC.CKO bits.

The CLKOUT pin shares pin with the PCM1 pin and functions as a clock output pin if so specified by the control
register of port CM.

The status of the CLKOUT pin is the same as the internal system clock in Table 6-3 and the pin can output the
clock when it is in the operable status. It outputs a low level in the stopped status. However, the CLKOUT pin is in
the port mode (PCM1 pin: input mode) after reset and until it is set in the output mode. Therefore, the status of the pin
is high impedance.
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6.4.3 Procedure for setting clock generation function for using clock mode 1

Figure 6-5. Procedure for Setting Clock Generation Function for Using Clock Mode 1

Reset

Wait for main
clock oscillator
oscillation
stabilization time
to elapse

Watchdog timer 2 overflow occurred
during oscillation stabilization time

On-chip oscillator
operation
(Emergency
operation mode)

OSTS register overflow

Main clock operation

PLLCTL.SELPLL bit=0 PCC.CK3bit=1 1 Subclock
PLL mode NOP x 8 Clock-through Wait for PCC.CLS bit to change from 0to 1_( operation mode
T

mode { Main clock oscillator:

- \
PLL: Operatin . i gNo! T i
peraling PLLCTL SELPLL bit= 1 PLL: Operating"'** PCC.CK3biIt=0 | | ,_L:%"’)%'f‘a‘t'i’,‘]%mm
Wait for PCC.CLS bit to change from 1 to 0

Subclock

operation mode
Main clock oscillator:
Stopped

HALT mode
IDLE1 mode
IDLE2 mode

|
‘1
I
I
N
I
Sub-IDLE mode |«----- bobooseenoeeeee
|
STOP mode L
I
I
I

Notes 1. When the PLLCTL.PLLON bit is set to 0, the PLL stops operating. After setting the PLLON bit to 1
again (PLL operable), it is necessary to wait for the PLL lockup time to elapse before starting PLL
operation.

2. When the main clock oscillator is stopped, the PLL automatically stops with the PLLCTL.PLLON bit
still being set to 1 (PLL operable).

Cautions 1. When stopping operation of the main clock oscillator, be sure to also stop operation of
the on-chip peripheral functions operating on the main clock (= peripheral clock).
2. The CKC.CKDIVO bit can be switched in clock mode 1. When setting the CKDIVO bit,
however, be sure to set clock-through mode and stop the PLL.
3. The SSCG cannot be used in clock mode 1. Do not change the initial settings of SSCG
related registers (SSCGCTL, SFC0, SFC1) in this mode.

Remark See CHAPTER 26 STANDBY FUNCTION for details of the areas marked =---~ .

PCC.MFRC bit=0
77777777777777777777777777777777777777777777777777777 ! PCC.MCK bit =0
77777777777777777777777777777777777 | "
] PCC.MCK bit = 1 Sloﬂ:are-iﬁalserd walﬁ fgr r:nam |
P PCCMFRC bit = 1| |lock oscilator oscilato

ion time to elapse 1
|
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Switching from clock-through mode to PLL mode

<1> PLLS register setting: Lockup time selection
Set so that the lockup time is 800 us or longer.

<2> PLLCTL.PLLON bit « 1: PLL operation enabled

<3> Wait until LOCKR.LOCK bit = 0: Wait for PLL lockup time to elapse

<4> PLLCTL.SELPLL bit « 1: Multiplication clock (frL = frLLo) selected as main clock (fxx) (PLL
mode)

Caution When the PLL is stopped (PLLCTL.PLLON bit = 0), settings <1> to <3> are necessary. If the
PLL is already operating and the lockup time has elapsed, only setting <4> is needed to
switch to PLL mode. The PLL is in the locked state after reset release.

Switching from PLL mode to clock-through mode

<1> PLLCTL.SELPLL bit « O: Main oscillation clock (fx) selected as main clock (clock-through mode)
<2> Execute 8 NOP instructions
<3> PLLCTL.PLLON bit « 0O: Setting the PLLON bit to O stops the PLL

Switching from main clock operation to subclock operation

<1> PCC.CKS3 bit « 1: Setting via a bit manipulation instruction recommended.
Do not change the setting of the PCC.CK2 to PCC.CKO bits.
<2> Subclock operation: Check whether the system has switched to subclock operation by

reading the PCC.CLS bit.
The time required until the system switches to subclock operation after
setting the CK3 bit is shown below.
Maximum: 1/fx (1/subclock frequency)
<3> PCC.MCK bit « 1: Set the MCK bit to 1 only when the main clock oscillator is stopped.

Cautions 1. When stopping operation of the main clock oscillator, be sure to also stop operation of
the on-chip peripheral functions operating on the main clock (= peripheral clock).
2. If the following condition is not satisfied, make sure to satisfy it by changing the
PCC.CK2 to PCC.CKO bit settings before shifting to subclock operation mode.
Internal system clock (fck) > Subclock (fxt: 32.768 kHz) x 4

Remark Internal system clock (fck): Clock generated from the main clock (fxx) by setting the PCC.CK2 to
PCC.CKO bits.
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(4) Switching from subclock operation to main clock operation

<1> PCC.MCK bit « 0: Start of main clock oscillation

<2> |Insert a wait by a program and wait for the main clock oscillation stabilization time to elapse.

<3> PCC.CKS3 bit « 0: Setting via a bit manipulation instruction recommended. Do not
change the setting of the PCC.CK2 to PCC.CKO bits.

<4> Main clock operation: The time required until the system switches to main clock operation

after setting the CKS3 bit is shown below.

Maximum: 1/fxt (1/subclock frequency)
It is therefore necessary to either insert one NOP instruction
immediately after setting the CKS bit to 0, or check whether the system
has switched to main clock operation by reading the PCC.CLS bit.

Caution Enable operation of the on-chip peripheral functions that operate on the main clock (=
peripheral clock) after ensuring that main clock oscillation is stable. If operation of these
functions is enabled before the main clock’s oscillation stabilization time has elapsed, a
malfunction may occur.
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6.4.4 Procedure for setting clock generation function for using clock modes 2, 3, and 4

Figure 6-6. Procedure for Setting Clock Generation Function for Using Clock Modes 2, 3, and 4

Reset

Wait for main
clock oscillator
oscillation
stabilization time,
to elapse

Watchdog timer 2 overflow occurred
during oscillation stabilization time

On-chip oscillator
operation
(Emergency
operation mode)

OSTS register overflow

Initial settings for using
clock modes 2, 3, and 4

Main clock operation Subclock operation

Subclock
operation mode
Main clock
oscillator: Operating
PLL: Operating
SSCG: Stoppe:

PCC.CK3bit=1 |

Wait for PCC.CLS bit to change from 0 to 1
|
1
T

Clock-through
mode
PLL: Operatin
SSCGCTL.SSCGON bit =1 SSCG: Cr))peralnigg PCC.CK3bit=0 ',
Software-based wait of 1 ms or longer : Wait for PCC.CLS bit to change from 1 to 0
SSCGCTL.SELSSCG bit =1 7 |

Clock-through
mode

PLL: Operating

SSCG: Operatini

SSCGCTL.SSCGON bit = gNote

PCC.MFRC bit=0
PCC.MCK bit =0

PLLCTL. B atatataiiatatatat ittt

SELPLL bit=1 PLLCTL. K X Software-based wait for main |
SELPLL bit=0 / PCC.MCK bit =1 jock osclltor oscilation 1
NOP x 8 3 PCC.MFRC bit =11 | tapilzation time to elapse :

Subclock

HALT mode
IDLE1 mode
IDLE2 mode
STOP mode,

SSCG mode
PLL: Operating
SSCG: Operating

Main clock
oscillator: Stopped
PLL: StoppedN°te2
SSCG: Stopped

Sub-IDLE mode }«-----

Standby mode

Notes 1. When the SSCGCTL.SSCGON bit is set to 0, the SSCGCTL.SELSSCG bit is also cleared to 0,
automatically.

2. When the main clock oscillator is stopped, the PLL automatically stops with the PLLCTL.PLLON bit
still set to 1. Do not clear (0) the PLLCTL.PLLON bit after stopping the PLL.

Cautions 1. In clock modes 2, 3, and 4, do not stop the PLL by software (i.e., do not clear the
PLLCTL.PLLON bit to 0).
2. When stopping operation of the main clock oscillator, be sure to also stop operation of
the on-chip peripheral functions operating on the peripheral clock (fxp, fie or fcan).

Remark See CHAPTER 26 STANDBY FUNCTION for details of the areas marked ~---~.
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(1) Initial settings for using clock modes 2, 3, and 4
When using clock modes 2, 3, or 4, set appropriate values to the CKC and SFCO registers while the clock
modes are in their initial status following reset release; that is, in clock-through mode and with SSCG operation
stopped. At this time, also be sure to make the SSCG frequency modulation/no modulation, frequency
modulation ratio (down spread method) and frequency cycle settings using the SFC1 register.
Note that in clock modes 2, 3, and 4, the settings of the CKC, SFCO and SFC1 registers can only be made
once after reset is released. These settings cannot be changed during operation.

Cautions 1. In clock modes 2, 3, and 4, always set the CKC, SFC0 and SFC1 registers in the status
immediately after reset release; that is, in clock-through mode (PLLCTL.SELPLL bit = 0)
and with SSCG operation stopped.

2. Set the CKC, SFCO0, and SFC1 registers only once after reset is released. These settings
cannot be changed during operation.
3. Be sure to insert a 1 us wait time after setting the CKC, SFCO0, and SFC1 registers.

Figure 6-7. Flow of Initialization Processing for Using Clock Modes 2, 3, and 4

(o )

CKC.CKDIV bit = 1

SFCO register setting

SFC1 register setting

1 us wait

C e

Caution The CKC, SFCO0, and SFC1 registers are special registers.
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Switching from clock-through mode to SSCG mode

<1> SSCGCTL.SSCGON bit « 1: SSCG operation enabled

<2> Software-based wait of 1 ms or longer: Wait for SSCG lockup time to elapse

<3> SSCGCTL.SELSSCG bit « 1: Multiplication clock (frL) selected as SSCG output clock
(fsscco)

<4> PLLCTL.SELPLL bit « 1: Multiplication clock (frLL = fssceo) selected as main clock (fxx)

(SSCG mode)

Cautions 1. The SSCG is stopped following reset release, so settings <1> to <3> are necessary. If the
SSCG is already operating and the lockup time has elapsed, only setting <4> is needed to
switch to SSCG mode.

2. Do not stop operation of the PLL (i.e., do not clear the PLLCTL.PLLON bit to 0).

Switching from SSCG mode to clock-through mode

<1> PLLCTL.SELPLL bit « O: Main oscillation clock (fx) selected as main clock (fxx) (clock-
through mode)

<2> Execute 8 NOP instructions.

<3> SSCGCTL.SSCGON bit « 0: Setting the SSCGON bit to 0 stops the SSCG.

Cautions 1. When the SSCGCTL.SSCGON bit is set to 0, the SSCGCTL.SELSSCG bit is also cleared
to 0, automatically.

2. Do not stop operation of the PLL (i.e., do not clear the PLLCTL.PLLON bit to 0).

Switching from main clock operation to subclock operation

<1> PCC.CK3 bit « 1: Setting via a bit manipulation instruction recommended.
Do not change the setting of the PCC.CK2 to PCC.CKO bits.
<2> Subclock operation: Check whether the system has switched to subclock operation

by reading the PCC.CLS bit.
The time required until the system switches to subclock
operation after setting the CK3 bit is shown below.
Maximum: 1/fxt (1/subclock frequency)
<3> PCC.MCK bit « 1: Set the MCK bit to 1 only when the main clock oscillator is
stopped.

Cautions 1. When switching the system to subclock operation, first switch to clock-through mode
and stop operation of the SSCG.

2. When stopping operation of the main clock oscillator, be sure to also stop operation of
the on-chip peripheral functions operating on the peripheral clock (fxp, fie, and fcan).

3. Do not stop operation of the PLL by software. When the main clock oscillator is stopped,
the PLL automatically stops with the PLLCTL.PLLON bit still set to 1 (PLL operable). Do
not clear (0) the PLLCTL.PLLON bit after stopping the PLL.

4. If the following condition is not satisfied, make sure to satisfy it by changing the
PCC.CK2 to PCC.CKaO bit settings before shifting to subclock operation mode.

Internal system clock (fcLk) > Subclock (fxt: 32.768 kHz) x 4
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(5)

Remark Internal system clock (fcik): Clock generated from the main clock (fxx) by setting the PCC.CK2 to

PCC.CKO bits.

Switching from subclock operation to main clock operation

<1>
<2>

<3>

<4>

PCC.MCK bit « 0: Start of main clock oscillation

Insert a wait by a program and wait for the main clock oscillation stabilization time to elapse.

PCC.CKS3 bit « 0: Setting via a bit manipulation instruction recommended. Do not
change the setting of the PCC.CK2 to PCC.CKO bits.

Main clock operation: The time required until the system switches to main clock

operation after setting the CK3 bit is shown below.

Maximum: 1/fxt (1/subclock frequency)
It is therefore necessary to either insert one NOP instruction
immediately after setting the CK3 bit to 0, or check whether the
system has switched to main clock operation by reading the
PCC.CLS bit.

Cautions 1. Enable operation of the on-chip peripheral functions that operate on the peripheral clock

(fxp, fie, and fcan) after ensuring that main clock oscillation is stable. If operation of these
functions is enabled before the main clock’s oscillation stabilization time has elapsed, a
malfunction may occur.

2. Enable operation of the SSCG after switching to main clock operation.
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Timer P (TMP) is a 16-bit timer/event counter.
The V850E/SJ3-H and V850E/SK3-H have nine timer/event counter channels, TMPO to TMP8.

7.1 Overview

7.1.1  TMPO to TMP6
An outline of TMPO to TMP6 are shown below.

¢ Clock selection: 8 ways

o Capture/trigger input pins: 2

e External event count input pin: 1

o External trigger input pin: 1

e Timer/counter: 1

e Capture/compare registers: 2

e Capture/compare match interrupt request signals: 2
¢ Overflow interrupt request signal: 1

e Timer output pins: 2

7.1.2 TMP7 and TMP8
An outline of TMP7 and TMP8 are shown below.

¢ Clock selection: 8 ways

o Capture/trigger input pins: 2

o External event count input pin: 1

o External trigger input pin: 1

e Encoder input pins: 2

e Encoder clear input pin: 1

e Timer/counter: 1

e Capture/compare registers: 2

o Capture/compare match interrupt request signals: 2
¢ Overflow interrupt request signal: 1

e Encoder clear interrupt request signal: 1
e Timer output pins: 2
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7.2 Functions

7.2.1 TMPO to TMP6
TMPO to TMP6 have the following functions.

¢ Interval timer

e External event counter

o External trigger pulse output
¢ One-shot pulse output

e PWM output

e Free-running timer

¢ Pulse width measurement

7.2.2 TMP7 and TMP8
TMP7 and TMP8 have the following functions.

¢ Interval timer

o External event counter

o External trigger pulse output
¢ One-shot pulse output

e PWM output

e Free-running timer

¢ Pulse width measurement

¢ Encoder count function
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7.3 Configuration

7.3.1 TMPO to TMP6
TMPO to TMP6 include the following hardware.

Table 7-1. Configuration of TMPO to TMP6

Item Configuration
Timer register 16-bit counter
Registers TMPk capture/compare registers 0, 1 (TPkCCRO, TPkCCR1)

TMPk counter read buffer register (TPKCNT)
CCRO, CCR1 buffer registers

Timer inputs 2 (TIPkO™*", TIPk1 pins)

Timer outputs 2 (TOPkO, TOPk1 pins)

Control registers"®* | TMPk control registers 0, 1 (TPKCTLO, TPkCTL1)
TMPk I/O control registers 0 to 2 (TPkIOCO to TPkIOC2)
TMPk option register 0 (TPkOPTO)

Notes 1. The TIPkO pin functions alternately as a capture trigger input signal, external event count
input signal, and external trigger input signal.

2. When using the functions of the TIPkO, TIPk1, TOPkO, and TOPk1 pins, refer to Table 4-25
Using Port Pin as Alternate-Function Pin.

Remark k=010 6
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Figure 7-1. Block Diagram of TMPk

fxp/64N® 1 fxp/256NOe 2 —=)
fxp/128N0te 1 fyp/51 2Nt 2 —=

Notes 1.

Remark

fxp —=
fxp/2 —=]
fxp/4 —=]
fxp/8 —=1

Internal bus

il

TPKCNT

i

fxp/16 —
fxp/32 —

Selector

Selector

16-bit counter

]

TIPKO O~

INTTPkKOV
Clear
O TOPKO
—O TOPK1

Output
controller

Edge
detector

TIPk1 O~

TMPO, TMP2, TMP4, TMP6
TMP1, TMP3, TMP5

fxp: Peripheral clock frequency (prescaler 1 input clock frequency)
In clock mode 1, fxp = fxx

——F—— INTTPkCCO

INTTPkCC1

CCRO ‘ ‘
buffer
register CCR1
ﬁ buffer
register
TPKCCRO i
TPkCCR1
[
Internal bus

In clock mode 2, fxp = fxmpLL/2 (14.64 to 16 MHz)
In clock mode 3, fxp = fxmpLL (29.28 to 32 MHz)
In clock mode 4, fxp = fxmprLL/2 (20.88 to 24 MHz)

fxx: Main clock frequency

fxmpLL: PLL output clock frequency for peripheral clock
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16-bit counter

This 16-bit counter can count internal clocks or external events.

The count value of this counter can be read by using the TPKCNT register.

When the TPKCTLO.TPKCE bit = 0, the value of the 16-bit counter is FFFFH. If the TPkCNT register is read at
this time, 0000H is read.

Reset sets the TPKCE bit to 0.

CCRO buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TPKCCRO register is used as a compare register, the value written to the TPkCCRO register is
transferred to the CCRO buffer register. When the count value of the 16-bit counter matches the value of the
CCRO buffer register, a compare match interrupt request signal (INTTPkCCO) is generated.

The CCRO buffer register cannot be read or written directly.

The CCRO buffer register is cleared to 0000H after reset, as the TPkCCRO register is cleared to 0000H.

CCR1 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TPKCCR1 register is used as a compare register, the value written to the TPkCCR1 register is
transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches the value of the
CCR1 buffer register, a compare match interrupt request signal (INTTPkCC1) is generated.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is cleared to 0000H after reset, as the TPkCCR1 register is cleared to 0000H.

Edge detector

This circuit detects the valid edges input to the TIPkO and TIPk1 pins. No edge, rising edge, falling edge, or
both the rising and falling edges can be selected as the valid edge by using the TPkIOC1 and TPkIOC2
registers.

Output controller
This circuit controls the output of the TOPkO and TOPk1 pins. The output controller is controlled by the
TPKIOCO register.

Selector

This selector selects the count clock for the 16-bit counter. Eight types of internal clocks or an external event
can be selected as the count clock.
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7.3.2 TMP7 and TMP8
TMP7 and TMPS8 include the

following hardware.

Table 7-2. Configuration of TMP7 and TMP8

ltem

Configuration

Timer register

16-bit counter

Registers TMPm capture/compare registers 0, 1 (TPmCCRO, TPmCCR1)
TMPm counter read buffer register (TPmCNT)
TMPm counter write register (TPmTCW)
CCRO, CCRH1 buffer registers

Timer inputs 5 (TIPmO"™*", TIPm1, TECRm, TENCmO, TENCm1 pins)

Timer outputs

2 (TOPmO, TOPm1 pins)

Control registers

2 | TMPm control registers 0, 1 (TPmCTLO, TPmCTL1)

TMPm control register 2 (TPmCTL2)

TMPm 1/O control registers 0 to 3 (TPmMIOCO to TPmIOC3)
TMPm option register 0 (TPmOPTO0)

TMPm option register 1 (TPmOPT1)

TMPa noise elimination control register (ENaNFC)

Notes 1. The TIPmO pin functions alternately as a capture trigger input signal, external event count
input signal, and external trigger input signal.
2. When using the functions of the TIPmO, TIPm1, TOPmO, TOPm1, TECRm, TENCmO, and

TENCm1 pins, refer to Table 4-25 Using Port Pin as Alternate-Function Pin.

Remark m=7,8

a=0,1
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Figure 7-2. Block Diagram of TMP7 and TMP8

8 Internal bus 8
[ TPmCNT | | TPmTOWNees |
fxp —»|
fxp/2 —»1 ‘ ‘
s 8 Counter | _ | INTTPmMOV
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fxe/32 —=| & 1T Ciear ]
fxp/B4Nete 1, fyp/D5ENote2 —n - ToPmo
fxp/128Nete 1. fp/512Note2 — ﬁ 52, C: ToPm1
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Edge detection/ ge
TENCmO/TIPmO C |N0iseel\minatori CCRO 8 8
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Edge detection/ ist R1
TENCm1/TIPm1 @——@ register ESffer
© |Edge delecl'on/i I t register
TECRm Noise ehmini’ﬂor j TPmMCCRO k—» INTTPmMCCO
' — T}~ INTTPmCCT
TPmMCCR1
fxp —
;XP;“ — §
e 3 INTTPmMEC
P(ng — 2 ["Sampling
XPi —1
/64 —= clock { Internal bus )

Notes 1. TMP8
2. TMP7
3. The initial value set from the TPmTCW register to the 16-bit counter is valid only in the encoder
compare mode.
Rewrite the TPmTCW register when the TPmCTLO.TPmMCE bit = 0.
When the TPmCTL2.TPmECC bit = 0, the value of the TPmTCW register is transferred to the 16-bit
counter when the TPmCE bit = 1.

Remarks 1. fxp: Peripheral clock frequency (prescaler 1 input clock frequency)

In clock mode 1, fxp = fxx
In clock mode 2, fxp = fxwpLL/2 (14.64 to 16 MHZz)
In clock mode 3, fxp = fxmpLL (29.28 to 32 MHz)
In clock mode 4, fxp = fxmpLL/2 (20.88 to 24 MH2z)

fxx: Main clock frequency

fxmpLL: PLL output clock frequency for peripheral clock

2. m=7,8
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16-bit counter

This 16-bit counter can count internal clocks or external events.

The count value of this counter can be read by using the TPmCNT register.

When the TPmCTLO.TPmMCE bit = 0, the value of the 16-bit counter is FFFFH. If the TPmCNT register is read
at this time, 0000H is read.

Reset sets the TPmCE bit to 0.

CCRO buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TPmCCRO register is used as a compare register, the value written to the TPmCCRO register is
transferred to the CCRO buffer register. When the count value of the 16-bit counter matches the value of the
CCRO buffer register, a compare match interrupt request signal (INTTPmCCQO) is generated.

The CCRO buffer register cannot be read or written directly.

The CCRO buffer register is cleared to 0000H after reset, as the TPmCCRO register is cleared to 0000H.

CCR1 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TPmMCCR1 register is used as a compare register, the value written to the TPmCCR1 register is
transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches the value of the
CCRH1 buffer register, a compare match interrupt request signal (INTTPmMCCH1) is generated.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is cleared to 0000H after reset, as the TPmCCR1 register is cleared to 0000H.

Edge detector

This circuit detects the valid edges input to the TIPmO, TIPm1, TECRm, TENCmO, and TENCm1 pins. No edge,
rising edge, falling edge, or both the rising and falling edges can be selected as the valid edge by using the
TPmIOC1, TPmIOC2, and TPmIOCS3 registers.

Output controller
The output of the TOPmMO and TOPm1 pins is controlled by the TPmIOCO register.

Selector
This selector selects the count clock for the 16-bit counter. Eight types of internal clocks or an external event

can be selected as the count clock.

Counter controller
This controls the count operation according to the timer mode selected in the TPmCTL1 register.
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7.4 Registers

The registers that control TMPn are as follows.

e TMPn control register 0 (TPnCTLO)

e TMPn control register 1 (TPnCTL1)

e TMPm control register 2 (TPmCTL2)

e TMPn 1/O control register 0 (TPnIOCO)

e TMPn 1/O control register 1 (TPnIOC1)

e TMPn I/O control register 2 (TPnIOC2)

e TMPm 1/O control register 3 (TPmMIOC3)

e TMPn option register 0 (TPnOPTO)

e TMPm option register 1 (TPmOPT1)

e TMPn capture/compare register 0 (TPnCCRO0)
e TMPn capture/compare register 1 (TPnCCR1)
e TMPm counter write register (TPmTCW)

e TMPn counter read buffer register (TPNnCNT)
e TMPa noise elimination control register (ENaNFC)

Remarks 1. When using the functions of the TIPnO, TIPn1, TOPn0, TOPn1, TECRm, TENCmO, and TENCm1
pins, refer to Table 4-25 Using Port Pin as Alternate-Function Pin.
2. n=0to8
m=7,8
a=0,1
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(1) TMPn control register 0 (TPnCTLO)
The TPnCTLO register is an 8-bit register that controls the operation of TMPn.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to 00H.
The same value can always be written to the TPnCTLO register by software.

After reset: 00H R/W Address:  TPOCTLO FFFFF590H, TP1CTLO FFFFF5A0H,

<7> 6 5 4 3 2 1 0
TPRCTLO [ TPACE| 0 | o0 | 0 | 0 |TPnCKS2|TPnCKS1|TPnCKSO|
(n=0to8)
TPnCE TMPn operation control
0 TMPn operation disabled (TMPn reset asynchronouslyMN°®).
1 TMPn operation enabled. TMPn operation started.
TPnCKS2| TPnCKS1| TPnCKSO0 Internal count clock selection
n=0,24,6,8 n=1,3,57

0 0 0 fxp

0 0 1 fxp/2

0 1 0 fxp/4

0 1 1 fxp/8
1 0 0 fxp/16
1 0 1 fxp/32
1 1 0 fxr/64 fxp/256
1 1 1 fxp/128 fxr/512

TP2CTLO FFFFF5BOH, TP3CTLO FFFFF5COH,
TP4CTLO FFFFF5DOH, TP5CTLO FFFFF5EQH,
TP6CTLO FFFFF5FOH, TP7CTLO FFFFF640H,
TP8CTLO FFFFF660H

Note The TPnOPTO.TPnOVF bit and 16-bit counter are reset at the same time. In
addition, the timer output pins (TOPnO and TOPn1 pins) are reset to the status
set by the TPnIOCO register when the 16-bit counter is reset.

Cautions 1. Set the TPnCKS2 to TPnCKSO bits when the TPnCE bit = 0.
When the value of the TPnCE bit is changed from 0 to 1, the
TPnCKS2 to TPnCKSO0 bits can be set simultaneously.
2. Be sure to clear bits 3 to 6 to “0”.

Remark fxp: Peripheral clock frequency (prescaler 1 input clock frequency)
In clock mode 1, fxp = fxx
In clock mode 2, fxp = fxmpLL/2 (14.64 to 16 MHZz)
In clock mode 3, fxp = fxvwpLL (29.28 to 32 MHz)
In clock mode 4, fxp = fxmpLL/2 (20.88 to 24 MHz)
fxx: Main clock frequency
fxmpLL: PLL output clock frequency for peripheral clock
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(2) TMPn control register 1 (TPnCTL1)
The TPnCTL1 register is an 8-bit register that controls the operation of TMPn.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to 00H.

(1/2)

n=0to8
m=7,8

TPRCTL1 |

)

After reset: 00H

RW  Address: TPOCTL1 FFFFF591H, TP1CTL1 FFFFF5ATH,
TP2CTL1 FFFFF5B1H, TP3CTL1 FFFFF5C1H,
TP4CTL1 FFFFFSD1H, TP5CTL1 FFFFF5ETH,
TP6CTL1 FFFFFSF1H, TP7CTL1 FFFFF641H,
TP8CTL1 FFFFF661H

<6> <5> 4 3 2 1 0
0 |TPnEST| TPnEEE| 0  |TPmMDS|TPnMD2 | TPRMD1 | TPAMDO |
TPnEST Software trigger control
0 —

1

Generate a valid signal for external trigger input.
¢ In one-shot pulse output mode:

A one-shot pulse is output with writing 1 to the TPnEST bit as the trigger.
 In external trigger pulse output mode:

A PWM waveform is output with writing 1 to the TPnEST bit as the trigger.

The read value of the TPnEST bit is always 0.

TPnEEE

Count clock selection

0

Disable operation with external event count input (TIPnO pin).
(Perform counting with the count clock selected by the TPnCTLO.TPnCKSO
to TPnCKS?2 bits.)

Enable operation with external event count input (TIPnO pin).
(Perform counting at the valid edge of the external event count input
signal (TIPnO pin).)

The TPnEEE bit selects whether counting is performed with the internal count clock
or the valid edge of the external event count input.

TPmMD3| TPmMD2| TPmMD1| TPmMDO Timer mode selection
0 0 0 0 Interval timer mode
0 0 0 1 External event count mode
0 0 1 0 External trigger pulse output mode
0 0 1 1 One-shot pulse output mode
0 1 0 0 PWM output mode
0 1 0 1 Free-running timer mode
0 1 1 0 Pulse width measurement mode
1 0 0 0 Encoder compare mode
Other than above Setting prohibited

374

User's Manual U19201EJ3VOUD



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

(2/2)

Cautions 1. The TPnEST bit is valid only in the external trigger pulse output mode or one-shot pulse
output mode. In any other mode, writing 1 to this bit is ignored.

2. The TPnEEE bit is valid only in the interval timer mode, external trigger pulse output mode,
one-shot pulse output mode, PWM output mode, free-running timer mode, or pulse width
measurement mode. In any other mode, writing 1 to this bit is ignored.

3. External event count input (TIPn0) or encoder inputs (TENCmO0, TENCm1) is selected in the
external event count mode or encoder compare mode regardless of the value of the
TPnEEE bit.

4. Set the TPnEEE and TPnMD3 to TPnMDO bits when the TPnCTLO.TPnCE bit = 0. (The same
value can be written when the TPnCE bit = 1.) The operation is not guaranteed when
rewriting is performed with the TPnCE bit = 1. If rewriting was mistakenly performed, clear
the TPnCE bit to 0 and then set the bits again.

5. Be sure to clear bits 3, 4, and 7 to “0” for TMPO to TMP6 and bits 4 and 7 to “0” for TMP7 and
TMPS.
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(3) TMPm control register 2 (TPmCTL2)
The TTmCTL2 register is an 8-bit register that controls the encoder count function operation.

The TTmCTL2 register is valid only in the encoder compare mode.

This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to 00H.

Caution For details of each bit of the TPmCTL2 register, see 7.6.8 (5) Controlling bits of TPmCTL2

register.

(1/2)

After reset: 00H

R/W  Address: TP7CTL2 FFFFF642H, TP8CTL2 FFFFF662H

<7> 6 5 4 3 2 1 0
TPmCTL2 |TPmECC| ©0 | 0 | TPmLDE |TPmECM1[TPmECMo|TPmUDS1 | TPmUDSO|
(m=7,8)
TPmECC Encoder counter control
0 Normal operation
1 Holds count value of 16-bit counter when TPmCTLO.TPmCE bit = 0.
TPmLDE Transfer setting to 16-bit counter
0 Disables transfer of set value of TPmCCRO to 16-bit counter in case of underflow.
1 Enables transfer of set value of TPmCCRO to 16-bit counter in case of underflow.
TPmMECM1 Control of encoder clear operation 1
0 The 16-bit counter is not cleared to 0000H when its count value matches
value of CCR1 register.
1 The 16-bit counter is cleared to 0000H when its count value matches
value of CCR1 register.
TPmMECMOQ Control of encoder clear operation 0
0 The 16-bit counter is not cleared to 0000H when its count value matches
value of CCRO register.
1 The 16-bit counter is cleared to 0000H when its count value matches
value of CCRO register.
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(2/2)
TPmUDS1| TPmUDSO0 Up/down count selection
0 0 When valid edge of TENCmO input is detected
Counts down when TENCm1 = high level.
Counts up when TENCm1 = low level.
0 1 Counts up when valid edge of TENCmO input is detected.
Counts down when valid edge of TENCm1 input is detected.
1 0 Counts down when rising edge of TENCmO input is detected.
Counts up when falling edge of TENCmO input is detected.
However, count operation is performed only when
TENCm1 = low level.
1 1 Both rising and falling edges of TENCmO and TENCm1 are
detected. Count operation is automatically identified by
combination of edge detection and level detection.
Cautions 1. The TPmECC bit is valid only in the encoder compare mode. In
any other mode, writing “1” to this bit is ignored.
If the TPmCTLO.TPmMCE bit is cleared to 0 while the TPmECC bit
= 1, the values of the timer/counter and capture registers
(TPmMCCRO and TPmCCR1), and the TPmOPT1, TPmEUF,
TPmEOF, and TPmESF flags are retained.
If the TPmCE bit is set from 0 to 1 when the TPmECC bit = 1, the
value of the TPmTCW register is not transferred to the 16-bit
counter.

2. The TPmLDE bit is valid only when the TPmECM1 and
TPmMECMO bits = 00, 01. Writing “1” to this bit is ignored when
the TPmMECM1 and TPmECMO bits = 10, 11.

3. The edge detection of the TENCmO and TENCm1 inputs
specified by the TPmIOC3.TPmEIS1 and TPmIOC3.TPmEISO0 bits
is invalid and fixed to both the rising and falling edges when the
TPmUDS1 and TPmUDSO bits = 10, 11.

4. Set the TPmLDE, TPmECM1, TPmECMO, TPmUDS1, and
TPmUDSO bits when the TPmCTLO.TPmCE bit = 0 (the same
value can be written to these bits when the TPmCE bit = 1). If
the value of these bits is changed when the TPmCE bit = 1, the
operation cannot be guaranteed. If it is changed by mistake,
clear the TPmCE bit and then set the correct value.

5. Be sure to clear bits 5 and 6 to “0”.
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(4) TMPn I/O control register 0 (TPnlIOCO0)
The TPnIOCO register is an 8-bit register that controls the timer output (TOPnO, TOPn1 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.
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After reset: O0H R/W Address: TPOIOCO FFFFF592H, TP110C0 FFFFF5A2H,

TP2I0CO FFFFF5B2H, TP3IOCO FFFFF5C2H,
TP4l0CO FFFFF5D2H, TP5I0C0O FFFFF5E2H,
TP6IOCO FFFFF5F2H, TP7I0OCO FFFFF643H,
TP8IOCO FFFFF663H

4 3 <2> 1 <0>
TPRioco [ o | o | o | o |TPnoL1|TPnOE1 | TPnOLO | TPnOEO |
(n=0to 8)
TPnOL1 TOPnN1 pin output level settingN°t®
0 TOPN1 pin output starts at high level
1 TOPN1 pin output starts at low level
TPnOEA1 TOPN1 pin output setting

0 Timer output disabled
e When TPnOL1 bit = 0: Low level is output from the TOPn1 pin
e When TPnOL1 bit = 1: High level is output from the TOPn1 pin

1 Timer output enabled (a pulse is output from the TOPn1 pin).

TPnOLO TOPNO pin output level settingNte

0 TOPNO pin output starts at high level

1 TOPNO pin output starts at low level

TPnOEO TOPNO pin output setting

0 Timer output disabled
e When TPnOLO bit = 0: Low level is output from the TOPNO pin
e When TPnOLO bit = 1: High level is output from the TOPnO pin

1 Timer output enabled (a pulse is output from the TOPnNO pin).

Note The output level of the timer output pin (TOPna) specified by the TPnOLa bit
is shown below (a =0, 1).

e When TPnOLa bit = 0 e When TPnOLa bit = 1
16-bit counter I ) 16-bit counter I /I
TPnCE bit __ T TPnCE bit __ "1
TOPnNa pin output _|_|_ TOPnNa pin output _|_,_

Cautions 1. The pin output changes if the setting of the TPnlOCO register is
rewritten when the port is set to TOPn0 and TOPn1 outputs.
Therefore, note changes in the pin status by setting the port to
the input mode and making the output status of the pins a high-
impedance state.

2. Rewrite the TPnOL1, TPnOE1, TPnOLO, and TPnOEO bits when
the TPnCTLO.TPnCE bit = 0. (The same value can be written
when the TPnCE bit = 1.) If rewriting was mistakenly performed,
clear the TPnCE bit to 0 and then set the bits again.

3. Even if the TPnOLa bit is manipulated when the TPnCE and
TPnOEa bits are 0, the TOPna pin output level varies (a =0, 1).
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(5) TMPn I/O control register 1 (TPnlOC1)
The TPnlOC1 register is an 8-bit register that controls the valid edge of the capture trigger input signals (TIPnO,
TIPn1 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Afterreset: 00H ~ R/W  Address: TPOIOC1 FFFFF593H, TP110C1 FFFFF5A3H,
TP2I0C1 FFFFF5B3H, TP3I0C1 FFFFF5C3H,
TP4I0C1 FFFFF5D3H, TP5I0C1 FFFFF5E3H,
TP6IOC1 FFFFF5F3H, TP7I0C1 FFFFF644H,
TP8IOC1 FFFFF664H

5 4 3 2 1 0
tPrioct [ o | o | o | o | TPns3|TpPnis2 | TPnist | TPniso |
(n=0t0 8)
TPnIS3 | TPnIS2 Capture trigger input signal (TIPn1 pin) valid edge setting
0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

TPnIS1 | TPnISO Capture trigger input signal (TIPn0 pin) valid edge setting

0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Cautions 1. Rewrite the TPnIS3 to TPnISO bits when the
TPnCTLO.TPnCE bit = 0. (The same value can be written
when the TPnCE bit = 1.) If rewriting was mistakenly
performed, clear the TPnCE bit to 0 and then set the bits
again.

2. The TPnIS3 and TPnIS2 bits are valid only in the free-
running timer mode (only when TPnOPTO0.TPnCCS1 bit =
1) and the pulse width measurement mode. In all other
modes, a capture operation is not possible.
The TPnIS1 and TPnIS2 bits are valid only in the free-
running timer mode (only when TPnOPT.TPnCCSO0 bit = 1)
and the pulse width measurement mode. In all other
modes, a capture operation is not possible.

3. Be sure to clear bits 4 to 7 to “0”.
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(6) TMPn I/O control register 2 (TPnlOC2)
The TPnIOC2 register is an 8-bit register that controls the valid edge of the external event count input signal
(TIPnO pin) and external trigger input signal (TIPnO pin).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Afterreset: 00H R/  Address:  TPOIOC2 FFFFF594H, TP110C2 FFFFF5A4H,
TP2l0C2 FFFFF5B4H, TP3I0C2 FFFFF5C4H,
TP410C2 FFFFF5D4H, TP5I0C2 FFFFF5E4H,
TP6IOC2 FFFFF5F4H, TP7I0C2 FFFFF645H,
TP8IOC2 FFFFF665H

5 4 3 2 1 0
TPRioc2 | o | o | o | o |TPnEES1|TPnEESO|TPRETS|TPRETSO
(n=0to 8)
TPnEES1| TPnEESO| External event count input signal (TIPnO pin) valid edge setting

0 0 No edge detection (external event count invalid)

0 1 Detection of rising edge

1 0 Detection of falling edge

1 1 Detection of both edges

TPnETS1| TPnETS0| External trigger input signal (TIPnO pin) valid edge setting

0 0 No edge detection (external trigger invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Cautions 1. Rewrite the TPnEES1, TPnEESO, TPnETS1, and TPnETS0
bits when the TPnCTLO.TPnCE bit = 0. (The same value
can be written when the TPnCE bit = 1.) If rewriting was
mistakenly performed, clear the TPnCE bit to 0 and then
set the bits again.

2. The TPnEES1 and TPnEESO bits are valid only when the
TPnCTL1.TPnEEE bit = 1 or when the external event
count mode (TPnCTL1.TPnMD2 to TPnCTL1.TPnMDO bits
= 001) has been set.

3. The TPnETS1 and TPnETSO bits are valid only when the
external trigger pulse output mode (TPnCTL1.TPnMD2 to
TPnCTL1.TPnMDO bits = 010) or the one-shot pulse
output mode (TPnCTL1.TPnMD2 to TPnCTL1.TPnMDO =
011) is set.

4. Be sure to clear bits 4 to 7 to “0”.
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(7) TMPm /O control register 3 (TPmIOC3)
The TPmIOCS register is an 8-bit register that controls the encoder clear function operation.
The TPmIOCS register is valid only in the encoder compare mode.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

(1/2)

After reset: 0OH R/W  Address: TP7I0C3 FFFFF646H, TP8IOC3 FFFFF666H

7 6 5 4 3 2 1 0
TPmMIOC3 | TPMSCE| TPmZCL | TPMBCL| TPmACL [TPmECS1TPmECS0| TPmEIST | TPmEISO|
(m=7,8)
TPmSCE Encoder clear selection
0 Clears 16-bit counter on detection of edge of encoder clear signal (TECRm pin).
1 Clears 16-bit counter on detection of clear level condition of the TENCmO,
TENCm1, and TECRm pins.

e Clears 16-bit counter to 0000H when valid edge of TECRm pin specified by the
TPmECS1 and TPmECSO bits is detected when the TPmSCE bit = 0.

o Clears 16-bit counter to 0000H when clear level conditions of the TPmZCL,
TPmBCL, and TPmACL bits match input levels of the TECRm, TENCm1, and
TENCmO pins when TPmSCE bit = 1.

e Setting of the TPmZCL, TPmBCL, and TPmACL bits is valid and that of the

TPmECS1 and TPmECSO bits is invalid when the TPmSCE bit = 1.

Encoder clear interrupt request signal (INTTPmMEC) is not generated.

Setting of the TPmZCL, TPmBCL, and TPmACL bits is invalid and setting of

the TPmMECS1 and TPmECSO bits is valid when the TPmSCE bit = 0.

The INTTPmEC signal is generated when valid edge specified by the TPmECS1

and TPmMECSO bits is detected.

e Be sure to set the TPmCTL2.TPmUDS1 and TPmCTL2.TPmUDSO bits to 10 or 11
when the TPmSCE bit = 1.

Operation is not guaranteed if the TPmUDS1 and TPmUDSO bits = 00 or 01 and
the TPmSCE bit = 1.

TPmZCL Clear level selection of encoder clear signal (TECRm pin)

0 Clears low level of the TECRm pin.
1 Clears high level of the TECRm pin.
Setting of the TPmZCL bit is valid only when the TPmSCE bit = 1.

TPmBCL Clear level selection of encoder input signal (TENCm1 pin)

0 Clears low level of the TENCm1 pin.
1 Clears high level of the TENCm1 pin.
Setting of the TPmBCL bit is valid only when the TPmSCE bit = 1.

TPmACL Clear level selection of encoder input signal (TENCmO pin)

0 Clears low level of the TENCmO pin.
1 Clears high level of the TENCmO pin.
Setting of the TPmACL bit is valid only when the TPmSCE bit = 1.
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(2/2)

TPMECS1TPmMECSQ Valid edge setting of encoder clear signal (TECRm pin)

0 Detects no edge (clearing encoder is invalid).

1 Detects rising edge.

0 Detects falling edge.

1 Detects both edges.

TPmEIS1| TPmMEIS0| Valid edge setting of encoder input signals (TENCmO0, TENCm1 pins)

0

0 Detects no edge (inputting encoder is invalid).

1 Detects rising edge.

0 Detects falling edge.

1 Detects both edges.

Cautions 1.

Rewrite the TPmSCE, TPmZCL, TPmBCL, TPmACL, TPmECS1,
TPMECS0, TPmEIS1, and TPmEISO bits when the
TPMCTLO.TPmCE bit = 0. (The same value can be written to
these bits when the TPmCE bit = 1.) If rewriting was mistakenly
performed, clear the TPmCE bit to 0 and then set these bits
again.

The TPmECS1 and TPmECSO0 bits are valid only when the
TPmSCE bit = 0 and the encoder compare mode is set.

The TPmEIS1 and TPmEISO bits are valid only when the
TPmCTL2.TPmUDS1 and TPmCTL2.TPmUDSO bits = 00 or 01.
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(8) TMPn option register 0 (TPNOPTO0)
The TPnOPTO register is an 8-bit register used to set the capture/compare operation and detect an overflow.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Afterreset: 00H ~ R/W  Address: TPOOPTO FFFFF595H, TP1OPTO FFFFF5A5H,
TP20PTO FFFFF5B5H, TP3OPTO FFFFF5CS5H,
TP4OPTO FFFFFSD5H, TPSOPTO FFFFF5ESH,
TP6OPTO FFFFFSF5H, TP7OPTO FFFFF647H,
TP8OPTO FFFFF667H

6 5 4 3 2 1 <0>
TPnoPTo | 0 | o [TPnccsttPnccso] o | o | o [TPnOvF|
(n=0to 8)
TPnCCSH1 TPnCCR1 register capture/compare selection
0 Compare register selected
1 Capture register selected (cleared by setting TPnCTLO.TPnCE bit = 0)

The TPnCCS1 bit setting is valid only in the free-running timer mode.

TPnCCSO TPnCCRO register capture/compare selection

0 Compare register selected

1 Capture register selected (cleared by setting TPnCTLO.TPnCE bit = 0)

The TPnCCSO bit setting is valid only in the free-running timer mode.

TPnOVF TMPn overflow detection flag
Set (1) Overflow occurred
Reset (0) TPnOVF bit 0 written or TPNCTLO.TPnCE bit = 0

* The TPnOVF bit is set when the 16-bit counter count value overflows from
FFFFH to 0000H in the free-running timer mode or the pulse width measurement
mode.

* An overflow interrupt request signal (INTTPnOV) is generated at the same time
that the TPnOVF bit is set to 1. The INTTPnOV signal is not generated in modes
other than the free-running timer mode and the pulse width measurement mode.

* The TPnOVF bit is not cleared to 0 even when the TPnOVF bit or the TPNnOPTO
register are read when the TPnOVF bit = 1.

» Before clearing the TPnOVF bit to 0 after the INTTPnOV signal has been
generated, be sure to confirm (read) that the TPnOVF bit is set to 1.

* The TPnOVF bit can be both read and written, but the TPNnOVF bit cannot be set
to 1 by software. Writing 1 has no influence on the operation of TMPn.

Cautions 1. Rewrite the TPNCCS1 and TPnCCSO0 bits when the TPnCE
bit = 0. (The same value can be written when the TPnCE
bit = 1.) If rewriting was mistakenly performed, clear the
TPnCE bit to 0 and then set the bits again.

2. Be sure to clear bits 1 to 3, 6, and 7 to “0”.

384 Users Manual U19201EJ3VOUD



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

(9) TMPm option register 1 (TPmOPT1)
The TPmOPT1 register is an 8-bit register that detects the overflow, underflow, and count-up/down operation of

the encoder count function.

The TPmOPT1 register is valid only in the encoder compare mode.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to O0H.

This register can be rewritten even when the TPmCTLO.TPmCE bit = 1.

(1/2)

After reset: 0OH R/W  Address: TP7OPT1 FFFFF648H, TP8OPT1 FFFFF668H

7 6 5 4 3 <2> <1> <0>

TPMOPTY |

o | o | o | o | o |rPmEUF|TPmEOF|TPmESF|

(m=7,8)

TPmEUF TMPm underflow detection flag

Set (1) | Underflow occurs.

Reset (0)| Cleared by writing to TPmEUF bit or when TPmCTLO.TPmCE bit = 0

e The TPmEUF bit is set to 1 when 16-bit counter underflows from 0000H to FFFFH
in encoder compare mode.

e When the TPmCTL2.TPmLDE bit = 1, TPmEUF bit is set to 1 when value of 16-bit
counter is changed from 0000H to set value of the TPmCCRO register.

o Overflow interrupt request signal (INTTPmOV) is generated as soon as the
TPmMEUF bit is set to 1.

e The TPmEUF bit is not cleared to 0 even if the TPmEUF bit or TPmOPT1 register
is read when the TPmEUF bit = 1.

o Status of the TPmEUF bit is retained even if the TPmCTLO.TPmCE bit is cleared
to 0 when the TPmCTL2.TPmECC bit = 1.

» Before clearing the TPmEUF bit to 0 after the INTTPmQV signal is generated, be
sure to confirm (read) that the TPmEUF bit is set to 1.

e The TPmEUF bit can be read or written, but it cannot be set to 1 by software.

Setting this bit to 1 does not affect operation of TMPm.
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@/2)

TPmEOF Overflow detection flag for TMPm encoder function

Set (1) | Overflow occurs.
Reset (0)| Cleared by writing 0 to the TPmEQF bit or when the TPmCTLO.TPmCE
bit=0

e The TPMEOF bit is set to 1 when 16-bit counter overflows from FFFFH to 0000H
in encoder compare mode.

e As soon as the TPmEOF bit has been set to 1, an overflow interrupt request signal
(INTTPmQV) is generated. At this time, the TPmOPTO.TPmMOVF bit is not set to 1.

e The TPmEOF bit is not cleared to 0 even if the TPmEOF bit or TPmOPT1 register
is read when the TPmEOF bit = 1.

e Status of the TPmEOF bit is retained even if the TPmCTLO.TPmCE bit is cleared
to 0 when the TPmCTL2.TPmECC bit = 1.

» Before clearing the TPmEOF bit to 0 after the INTTPmOV signal is generated, be
sure to confirm (read) that the TPmEOF bit is set to 1.

e The TPmEOF bit can be read or written, but it cannot be set to 1 by software.

Writing 1 to this bit does not affect operation of TMPm.

TPmESF TMPm count-up/-down operation status detection flag

0 TMPm is counting up.

1 TMPm is counting down.
e This bit is cleared to 0 if the TPmCTLO.TPmCE bit = 0 when the
TPmMCTL2.TPmECC bit = 0.
o Status of the TPmESF bit is retained even if the TPmCE bit = 0 when the TPmECC
bit = 1.

Caution Be sure to clear bits 3 to 7 to “0”.
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(10) TMPn capture/compare register 0 (TPnCCRO0)
The TPnCCRO register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TPnOPTO0.TPNnCCSO bit. In the pulse width measurement mode, the
TPnCCRO register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.
The TPnCCRO register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TPnCCRO register is prohibited in the following statuses. For details, refer to
3.4.9 (2) Accessing specific on-chip peripheral I/O registers.
o When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

After reset: 0000H R/W Address:  TPOCCRO FFFFF596H, TP1CCRO FFFFF5A6H,
TP2CCRO FFFFF5B6H, TP3CCRO FFFFF5CEH,
TP4CCRO FFFFF5D6H, TP5CCRO FFFFF5EGH,
TP6CCRO FFFFF5F6H, TP7CCRO FFFFF64AH,
TP8CCRO FFFFF66AH

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
vnccro | | | | [ [T [P
(n=0to 8)
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(a) Function as compare register
The TPnCCRO register can be rewritten even when the TPnCTLO.TPnCE bit = 1.
The set value of the TPnCCRO register is transferred to the CCRO buffer register. When the value of the
16-bit counter matches the value of the CCRO buffer register, a compare match interrupt request signal
(INTTPNnCCO) is generated. If TOPnO pin output is enabled at this time, the output of the TOPNO pin is
inverted.
When the TPnCCRO register is used as a cycle register in the interval timer mode, external event count
mode, external trigger pulse output mode, one-shot pulse output mode, PWM output mode, or encoder
compare mode, the value of the 16-bit counter is cleared (0000H) if its count value matches the value of
the CCRO buffer register.
The compare register is not cleared when the TPnCTLO.TPnCE bit = 0.

(b) Function as capture register
In the free-running timer mode (when the TPnCCRO register is used as a capture register), the count value
of the 16-bit counter is stored in the TPNCCRO register if the valid edge of the capture trigger input pin
(TIPNnO pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is
stored in the TPnCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIPnO) is detected.
Even if the capture operation and reading the TPnCCRO register conflict, the correct value of the
TPnCCRO register can be read.
The capture register is cleared when the TPnCTLO.TPnCE bit = 0.

Remark n=0to8

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 7-3. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode Capture/Compare Register How to Write Compare Register

Interval timer Compare register Anytime write

External event counter Compare register Anytime write

Note

External trigger pulse output Compare register Batch write

One-shot pulse output

PWM output

Compare register Anytime write

Note

Compare register Batch write

Free-running timer

Capture/compare register

Anytime write

Pulse width measurement

Capture register

None

Encoder compare

Compare register

Anytime write

Note Triggered by writing to the TPNnCCR1 register

Remark For details of anytime write and batch write, see 7.6 (3) Anytime write and batch write.
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(11) TMPn capture/compare register 1 (TPnCCR1)
The TPnCCR1 register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TPnOPTO0.TPnCCS1 bit. In the pulse width measurement mode, the
TPnCCR1 register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.
The TPnCCR1 register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TPNnCCR1 register is prohibited in the following statuses. For details, refer to
3.4.9 (2) Accessing specific on-chip peripheral I/O registers.
o When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

After reset: 0000H RMW  Address: TPOCCR1 FFFFF598H, TP1CCR1 FFFFF5A8H,
TP2CCR1 FFFFF5B8H, TP3CCR1 FFFFF5C8H,
TP4CCR1 FFFFF5D8H, TP5CCR1 FFFFF5E8H,
TP6CCR1 FFFFF5F8H, TP7CCR1 FFFFF64CH,
TP8CCR1 FFFFF66CH
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wcom | | | | [ 0 PP
(n=0to8)
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(a) Function as compare register
The TPnCCR1 register can be rewritten even when the TPnCTLO.TPnCE bit = 1.
The set value of the TPnCCR1 register is transferred to the CCR1 buffer register. When the value of the
16-bit counter matches the value of the CCR1 buffer register, a compare match interrupt request signal
(INTTPNnCC1) is generated. If TOPn1 pin output is enabled at this time, the output of the TOPn1 pin is
inverted.
The compare register is not cleared when the TPnCTLO.TPnCE bit = 0.

(b) Function as capture register
In the free-running timer mode (when the TPNnCCR1 register is used as a capture register), the count value
of the 16-bit counter is stored in the TPNCCR1 register if the valid edge of the capture trigger input pin
(TIPn1 pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is
stored in the TPNCCR1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIPn1) is detected.
Even if the capture operation and reading the TPnCCR1 register conflict, the correct value of the
TPnCCR1 register can be read.
The capture register is cleared when the TPnCTLO.TPnCE bit = 0.

Remark n=01t08

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 7-4. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode Capture/Compare Register How to Write Compare Register

Interval timer Compare register Anytime write

External event counter Compare register Anytime write

Note

External trigger pulse output Compare register Batch write

One-shot pulse output

PWM output

Compare register Anytime write

Note

Compare register Batch write

Free-running timer

Capture/compare register

Anytime write

Pulse width measurement

Capture register

None

Encoder compare

Compare register

Anytime write

Note Triggered by writing to the TPnCCR1 register

Remark For anytime write and batch write, see 7.6 (3) Anytime write and batch write.
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(12) TMPm counter write register (TPmTCW)
The TPmMTCW register is used to set the initial value of the 16-bit counter.
The TPmMTCW register is valid only in the encoder compare mode.
This register can be read or written in 16-bit units.
Rewrite the TPmTCW register when the TPmCTLO.TPmCE bit = 0.
The value of the TPmTCW register is transferred to the 16-bit counter when the TPmCE bit is set (1).
Reset sets this register to 0000H.

After reset: 0000H ~ R/W  Address: TP7TCW FFFFF650H, TPSTCW FFFFF670H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
veetew | | 1 [ L L L L P

(m=7,8)

(13) TMPn counter read buffer register (TPnCNT)
The TPnCNT register is a read buffer register that can read the count value of the 16-bit counter.
If this register is read when the TPnCTLO.TPnCE bit = 1, the count value of the 16-bit timer can be read.
This register is read-only, in 16-bit units.
For TMPO to TMP6, the value of the TPKCNT register is cleared to 0000H when the TPkCE bit = 0. If the
TPKCNT register is read at this time, the value of the 16-bit counter (FFFFH) is not read, but 0000H is read.
The value of the TPkCNT register is cleared to 0000H after reset, because the TPKCE bit is cleared to 0.
For TMP7 and TMP8, the value of the TPmCNT register is set to 0000H when the TPmCTL2.TPmECC and
TPmMCE bits = 0. If the TPmCNT register is read at this time, the value of the 16-bit counter (FFFFH) is not
read, but 0000H is read. The TPmMCNT register is not set to 0000H but the previous value is read when the
TPmECC bit = 1 and TPmCE bit = 0.
The TPmECC and TPMCE bits are set to 0 after reset, and the value of the TPmCNT register is set to 0000H.

Caution Accessing the TPnCNT register is prohibited in the following statuses. For details, refer to
3.4.9 (2) Accessing specific on-chip peripheral I/O registers.
o When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

Remark n=0to 8
k=0to6
m=7,8

Afterreset: 0000H R Address:  TPOCNT FFFFF59AH, TP1CNT FFFFFSAAH,
TP2CNT FFFFF5BAH, TP3CNT FFFFF5CAH,
TP4CNT FFFFF5DAH, TPS5CNT FFFFFSEAH,
TP6CNT FFFFFSFAH, TP7CNT FFFFF64EH,
TP8CNT FFFFF66EH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oot | | L [ P
(n=0108)
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(14) TMPm noise elimination control register (ENaNFC)

Digital noise elimination can be selected for the TECRm, TENCmO, and TENCm1 pins. The noise elimination

settings are performed using the ENaNFC register.

When digital noise elimination is selected, the sampling clock for digital sampling can be selected from among
The number of times sampling is performed can be selected from

fxp, fxr/4, fxr/8, fxr/16, fxr/32, and fxr/64.
either two or three times.

This register can be read or written in 8-bit units.

Reset sets this register to 00H.

Caution After the sampling clock has been changed, it takes 3 sampling clocks to initialize the digital
noise eliminator when the number of times sampling is performed is three, and 2 sampling
clocks when it is two. Therefore, if a TECRm, TENCmO, or TENCm1 valid edge is input within
these 2 or 3 sampling clocks after the sampling clock has been changed, an encoder input
may occur. Therefore, when using the TMPm encoder count function, enable TMPm after 2

or 3 sampling clocks have elapsed.

7 6 5 4 3 2 1 0
ENaNFC |ENaNFENENaNFSTS 0 | 0 | 0  |ENaNFC2[ENaNFC1|ENaNFCO|
[a =0
whenm =7
a=1 ENaNFEN  Settings of TECRm, TENCmO, TENCm1 pins digital noise elimination
[when m = BJ 0 Digital noise elimination is not executed.
1 Digital noise elimination is executed.
ENaNFSTS Selection of number of times of sampling
0 Three times
1 Two times
ENaNFC2 ENaNFC1 ENaNFCO Digital sampling clock
0 0 0 fxp
0 0 1 fxr/4
0 1 0 fxp/8
0 1 1 fxr/16
1 0 0 fxp/32
1 0 1 fxr/64
Other than above Setting prohibited
Remarks 1. When sampling is performed three times, the reliably eliminated noise width is 2 sampling clocks.

After reset: 00H R/W Address: ENONFC FFFFF31CH, EN1NFC FFFFF31EH

When sampling is performed two times, the width is 1 sampling clock.

2. In the case of noise with a width smaller than 1 or 2 sampling clocks, encoder count operation is

executed if noise synchronized with the sampling clock is input.
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Figure 7-3 shows a timing example of noise elimination by digital filtering by the encoder count function input pins
(TECRm, TENCmO, and TENCm1).

Figure 7-3. Digital Noise Elimination Timing Example (Sampling: 3 Times (ENaNFSTS Bit = 0))

Noise elimination clock m_I_I_I_I_LI_I_I_I_I_LI_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_L

1

1

Internal signal

A R TR B Lo I S S B

. I o

Input signal h h \ h h i i i ' Sampling! h h h h h
e Lt 1 5times : H4—t I ¢

i i i i i 1 Sampling: i i

, , , , , . 3times . , ,

51 cIockE1 clooki 2 clocks E I E 3Iclockls E E

2 clocks E 3 clocks

Remarks 1. When the TECRm, TENCmO, and TENCm1 input signals are high level (or low level) and the
noise elimination clock is two or less, the input signal is eliminated as noise. When sampling is
executed three or more times, the edge is detected as a valid input.

2. m=7,8
a=0whenm=7
a=1whenm=38
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7.5 Timer Output Operations

The following table shows the operations and output levels of the TOPn0O and TOPn1 pins.

Table 7-5. Timer Output Control in Each Mode

Operation Mode

TOPn1 Pin

TOPNO Pin

Interval timer mode

Square wave output

External event count

mode

None

External trigger pulse output mode

External trigger pulse output

Square wave output

One-shot pulse output mode

One-shot pulse output

PWM output mode

PWM output

Free-running timer mode

Square wave output (only when compare function is used)

Pulse width measurement mode

Encoder compare mode

None

Remark n=0to8

Table 7-6. Truth Table of TOPn0 and TOPn1 Pins Under Control of Timer Output Control Bits

TPnlOCO0.TPnOLa Bit

TPnlOCO0.TPnOEa Bit

TPnCTLO.TPnCE Bit

Level of TOPna Pin

0 0 X Low-level output
1 0 Low-level output
1 Low level immediately before counting, high
level after counting is started
1 0 X High-level output
1 0 High-level output

High level immediately before counting, low level
after counting is started

Remark n=0to8
m=0, 1
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7.6 Operation

TMPO to TMP6 can perform the following operations.

Operation

TPkCTL1.TPKEST Bit
(Software Trigger Bit)

TIPkO Pin
(External Trigger Input)

Capture/Compare
Register Setting

Compare Register
Write

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode"*’ Invalid Invalid Compare only Anytime write
External trigger pulse output mode™** | Valid Valid Compare only Batch write

One-shot pulse output mode™** Valid Valid Compare only Anytime write
PWM output mode Invalid Invalid Compare only Batch write

Free-running timer mode Invalid Invalid Switching enabled | Anytime write
Pulse width measurement mode"*** Invalid Invalid Capture only Not applicable

Notes 1.

not detected (by clearing the TPkKIOC1.TPkIS1 and TPkIOC1.TPkISO0 bits to “00”).
2. When using the external trigger pulse output mode, one-shot pulse output mode, and pulse width
measurement mode, select the internal clock as the count clock (by clearing the TPkCTL1.TPkEEE bit to

0).

Remark k=0to6

TMP7 and TMP8 can perform the following operations.

To use the external event count mode, specify that the valid edge of the TIPkO pin capture trigger input is

Operation

TPmCTL1.TPmEST Bit
(Software Trigger Bit)

TIPmO Pin
(External Trigger Input)

Capture/Compare
Register Setting

Compare Register
Write

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode™*’ Invalid Invalid Compare only Anytime write
External trigger pulse output mode™** | Valid Valid Compare only Batch write

One-shot pulse output mode"**? Valid Valid Compare only Anytime write
PWM output mode Invalid Invalid Compare only Batch write

Free-running timer mode Invalid Invalid Switching enabled | Anytime write
Pulse width measurement mode"**? Invalid Invalid Capture only Not applicable
Encoder compare mode Invalid Invalid Compare only Anytime write

Notes 1.

To use the external event count mode, specify that the valid edge of the TIPmO pin capture trigger input

is not detected (by clearing the TPmIOC1.TPmIS1 and TPmIOC1.TPmISO0 bits to “00”).
2. When using the external trigger pulse output mode, one-shot pulse output mode, and pulse width
measurement mode, select the internal clock as the count clock (by clearing the TPmCTL1.TPmEEE bit

to 0).

Remark m=7,8
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(1) Counter basic operation for TMPO to TMP6
This section explains the basic operation of the 16-bit counter. For details, refer to the description of the

396

operation in each mode.

Remark k=0to6

(@)

(b)

(c)

(d)

(e)

Count start operation
¢ In external event count mode
The 16-bit counter is set to 0000H at the timing when the TPkCE bit changes from 0 to 1.
After that, the counter counts up from 0001H to 0002H, 0003H, and so on, each time a valid edge of an
external event count input (TIPkO) is detected.
¢ In other modes
The 16-bit counter of TMPn starts counting from the default value FFFFH.
It counts up from FFFFH to 0000H, 0001H, 0002H, 0003H, and so on.

Clear operation

The 16-bit counter is cleared to 0000H when its value matches the value of the compare register and is
cleared, and when its value is captured and cleared. The counting operation from FFFFH to 0000H that
takes place immediately after the counter has started counting or when the counter overflows is not a
clearing operation. Therefore, the INTTPkCCO and INTTPkCC1 interrupt signals are not generated.

Overflow operation

The 16-bit counter overflows when the counter counts up from FFFFH to 0000H in the free-running timer
mode or pulse width measurement mode. If the counter overflows, the TPkOPTO.TPkOVF bit is set to 1
and an interrupt request signal (INTTPkOV) is generated. Note that the INTTPKOV signal is not generated
under the following conditions.

* Immediately after a counting operation has been started

o |f the counter value matches the compare value FFFFH and is cleared

e When FFFFH is captured and cleared in the pulse width measurement mode and the counter counts up
from FFFFH to 0000H

Caution After the overflow interrupt request signal (INTTPkOV) has been generated, be sure to
check that the overflow flag (TPkOVF bit) is set to 1.

Counter read operation during counting operation

The value of the 16-bit counter of TMPk can be read by using the TPKCNT register during the count
operation. When the TPKCTLO.TPKCE bit = 1, the value of the 16-bit counter can be read by reading the
TPKCNT register. When the TPkCTLO.TPkCE bit = 0, the 16-bit counter is FFFFH and the TPKCNT
register is 0000H.

Interrupt operation
TMPk generates the following three types of interrupt request signals.

o INTTPKCCO interrupt: This signal functions as a match interrupt request signal of the CCRO buffer
register and as a capture interrupt request signal to the TPkCCRO register.

¢ INTTPKCCH1 interrupt: This signal functions as a match interrupt request signal of the CCR1 buffer
register and as a capture interrupt request signal to the TPkCCR1 register.

o INTTPKQOV interrupt: This signal functions as an overflow interrupt request signal.
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(2) Counter basic operation for TMP7 and TMP8
This section explains the basic operation of the 16-bit counter. For details, refer to the description of the

operation in each mode.

Remark m=7,8

(@

(b)

()

Counter start operation

e Encoder compare mode
The count operation is controlled by TENCmO and TENCm1 phases.
When the 16-bit counter initial setting is performed by transferring the set value of the TPmTCW register
to the 16-bit counter and the count operation is started. (When the TPmCTL2.TPmECC bit = 0, the
TPmTCW register set value is transferred to the 16-bit counter at the timing when the TPmCTLO.TPmCE
bit changes from 0 to 1.)

e External event counter mode
The 16-bit counter is set to 0000H at the timing when the TPkCE bit changes from 0 to 1.
After that, the counter counts up from 0001H to 0002H, 0003H, and so on, each time a valid edge of an
external event counter input (TIPKO) is detected.

e Mode other than above
The 16-bit counter starts counting from the initial value FFFFH.
It counts up from FFFFH to 0000H, 0001H, 0002H, 0003H, and so on.

Clear operation

The 16-bit counter is cleared to 0000H when its value matches the value of the compare register and
cleared, when the value of the 16-bit counter is captured and cleared, when the edge of the encoder clear
signal is detected and cleared, and when the clear level condition of the TENCmO, TENCm1, and TECRm
pins is detected and cleared. The count operation from FFFFH to 0000H that takes place immediately
after the counter has started counting or when the counter overflows is not a clearing operation. Therefore,
the INTTPkCCO and INTTPkCC1 interrupt signals are not generated.

Overflow operation

The 16-bit counter overflows when the counter counts up from FFFFH to 0000H in the free-running mode,
pulse width measurement mode, and encoder compare mode. If the counter overflows, the
TPmMOPTO.TPmMOVF bit is set to 1 and an interrupt request signal (INTTPmQV) is generated in the free-
running mode and pulse width measurement mode.

If the counter overflows, the TPmOPT1.TPmEOF bit is set to 1 and an interrupt request signal
(INTTPmQV) is generated in the encoder compare mode.

Note that the INTTPmOV signal is not generated under the following conditions.

¢ Immediately after a count operation has been started
o If the counter value matches the compare value FFFFH and is cleared

e When FFFFH is captured and cleared to 0000H in the pulse width measurement mode

Caution After the overflow interrupt request signal (INTTPmOV) has been generated, be sure to
check that the overflow flag (TPmOVF, TPmEOF bits) is set to 1.
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398

(d)

(e)

®

()

Count value holding operation

The value of the 16-bit counter is held by the TPmCTL2.TPmECC bit in the encoder compare mode. The
value of the 16-bit counter is reset to FFFFH when the TPmECC bit = 0 and TPmCTLO.TPmCE bit = 0.
When the TPmCE bit is set to 1 next time, the set value of the TPmTCW register is transferred to the 16-bit
counter and the counter continues its count operation.

If the TPMECC bit = 1 and TPmCE bit = 0, the value of the 16-bit counter is held. When the TPmCE bit is
set to 1 next time, the counter resumes the count operation from the held value.

Counter read operation during count operation

The value of the 16-bit counter of TMPm can be read by using the TPmCNT register during the count
operation. When the TPmCTLO.TPmCE bit = 1, the value of the 16-bit counter can be read by reading the
TPmCNT register. If the TPmCNT register is read when the TPmCTL2.TPmECC bit = 0 and TPmCE bit =
0, however, it is 0000H. The held value of the TPmCNT register is read if the register is read when the
TPmECC bit = 1 and TPmCE bit = 0.

Underflow operation

The 16-bit counter underflow occurs at the timing when the 16-bit counter value changes from 0000H to
FFFFH in the encoder compare mode. When underflow occurs, the TPmOPT1.TPmEUF bit is set to 1 and
an interrupt request signal (INTTPmQV) is generated.

Interrupt operation
TMPm generates the following four types of interrupt request signals.

o INTTPmCCO interrupt: This signal functions as a match interrupt request signal of the CCRO buffer
register and as a capture interrupt request signal to the TPmCCRO register.

o INTTPmCCH interrupt: This signal functions as a match interrupt request signal of the CCR1 buffer
register and as a capture interrupt request signal to the TPmCCR1 register.

¢ INTTPmOV interrupt:  This signal functions as an overflow interrupt request signal.

o INTTPmEC interrupt: ~ This signal functions as a valid edge detection interrupt request signal of the
encoder clear input (TECRm pin).
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(3) Anytime write and batch write
The TPnCCRO and TPnCCR1 registers in TMPn can be rewritten during timer operation (TPnCTLO.TPnCE bit
= 1), but the write method (anytime write, batch write) of the CCR0O and CCR1 buffer registers differs
depending on the mode.

(a) Anytime write
In this mode, data is transferred at any time from the TPnCCRO and TPnCCR1 registers to the CCRO and

CCR1 buffer registers during timer operation. (n =0 to 8).

Figure 7-4. Flowchart of Basic Operation for Anytime Write

‘ START )

Initial settings

¢ Set values to TPnCCRa register
o Timer operation enable

(TPnCE bit = 1)

— Transfer values of TPnCCRa
register to CCRa buffer
register

|

TPnCCRa register rewrite
— Transfer to CCRa buffer register

Timer operation
e Match between 16-bit counter — INTTPnCC1 signal output
and CCR1 buffer registerN°*®
e Match between 16-bit counter —— INTTPnCCO signal output
and CCRO buffer register
¢ 16-bit counter clear & start

Note The 16-bit counter is not cleared upon a match between the 16-bit counter value and the CCR1 buffer
register value. It is cleared upon a match between the 16-bit counter value and the CCRO buffer register
value.

Remarks 1. The above flowchart illustrates an example of the operation in the interval timer mode.
2. n=0to8
a=0,1
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Figure 7-5. Timing of Anytime Write

TPnCE bit = 1
FFFFH Do Do
Doz
16-bit counter D D11 D12/ D2y -
0000H
TPnCCRO register Dot X Doz
| [ | [ [ J T ]
CCRO buffer register OOOOHX Dot X Doz
TPnCCR1 register D11 X D12
| [ [ J T T ]
CCR{1 buffer register OOOOHl D11 X D12
INTTPnCCO signal

INTTPnCC1 signal

Remarks 1. Do1, Doz2: Setting values of TPnCCRO register
D11, D12: Setting values of TPNnCCR1 register
2. The above timing chart illustrates an example of the operation in the interval timer mode.
3. n=0to8
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(b) Batch write
In this mode, data is transferred all at once from the TPnCCRO and TPnCCR1 registers to the CCRO and
CCR1 buffer registers during timer operation. This data is transferred upon a match between the value of
the CCRO buffer register and the value of the 16-bit counter. Transfer is enabled by writing to the
TPnCCRT1 register.
Whether to enable or disable the next transfer timing is controlled by writing or not writing to the TPnCCR1
register.
In order for the setting value when the TPnCCRO and TPnCCR1 registers are rewritten to become the 16-
bit counter comparison value (in other words, in order for this value to be transferred to the CCRO and
CCRH1 buffer registers), it is necessary to rewrite the TPnCCRO register and then write to the TPnCCR1
register before the 16-bit counter value and the CCRO buffer register value match. Therefore, the values of
the TPnCCRO and TPnCCR1 registers are transferred to the CCRO and CCR1 buffer registers upon a
match between the count value of the 16-bit counter and the value of the CCRO buffer register. Thus even
when wishing only to rewrite the value of the TPnCCRO register, also write the same value (same as value
of the TPnCCR1 register already set) to the TPNCCR1 register.
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Figure 7-6. Flowchart of Basic Operation for Batch Write

‘ START )

Initial settings

|
e Set values to TPnCCRa register
 Timer operation enable (TPnCE
bit = 1)
— Transfer values of TPnCCRa
register to CCRa buffer
register

TPnCCRQO register rewrite

TPnCCRH1 register rewrite — Batch write enable

Timer operation

e Match between 16-bit counter
and CCR1 buffer registerete

* Match between 16-bit counter —— INTTPnCCO signal output
and CCRO buffer register

e 16-bit counter clear & start

¢ Transfer of values of TPNnCCRa
register to CCRa buffer register

INTTPnCC1 signal output

Note The 16-bit counter is not cleared upon a match between the 16-bit counter value and the CCR1 buffer
register value. It is cleared upon a match between the 16-bit counter value and the CCRO buffer register
value.

Caution Writing to the TPnCCR1 register includes enabling of batch write. Thus, rewrite the TPnCCR1
register after rewriting the TPnCCRO register.

Remarks 1. The above flowchart illustrates an example of the operation in the PWM output mode.
2. n=0to8
a=0,1
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Figure 7-7. Timing of Batch Write

TPnCE bit =1

—_— Dot

FFFFH 2 Do

D11/ Doz Doz A

16-bit counter / D12/ Dz / D12/ Diz ~
0000H /

TPnCCRO register Dot X Doz X Dos
| ] 1 1] L 1] |
i ] ]
CCRO buffer register 0000HX'  Dos X Note2” X Note 122
‘ ‘ \ \ | {_Same value write | \
TPnCCRH1 register D11 XNote 2 Dz X Note 3 Dz
] 1 1] L 1] |
CCR1 buffer register 0000H D11 X J D12 J 12
Note 1 Note 1
INTTPnCCO signal 1

INTTPnCC1 signal

TOPNO pin output

TOPN1 pin output

Notes 1. Because the TPnCCR1 register was not rewritten, Dos is not transferred.

2. Because the TPnCCR1 register has been written (D12), data is transferred to the CCR1 buffer
register upon a match between the value of the 16-bit counter and the value of the TPnCCRO
register (Do1).

3. Because the TPnCCR1 register has been written (D12), data is transferred to the CCR1 buffer
register upon a match between the value of the 16-bit counter and the value of the TPnCCRO
register (Do2).

Remarks 1. Do1, Doz, Dos: Setting values of TPNnCCRO register
D11, D12: Setting values of TPNCCR1 register
2. The above timing chart illustrates the operation in the PWM output mode as an example.
3. n=0to8
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7.6.1 Interval timer mode (TPnMD2 to TPnMDO bits = 000)

In the interval timer mode, an interrupt request signal (INTTPnCCO) is generated at the interval set by the
TPnCCRO register if the TPNCTLO.TPnCE bit is set to 1. A square wave with a duty factor of 50% whose half cycle is
equal to the interval can be output from the TOPnNO pin.

The TPnCCR1 register is not used in the interval timer mode. However, the set value of the TPNnCCR1 register is
transferred to the CCR1 buffer register, and when the count value of the 16-bit counter matches the value of the CCR1
buffer register, a compare match interrupt request signal (INTTPnCC1) is generated. In addition, a square wave with a
duty factor of 50%, which is inverted when the INTTPnCC1 signal is generated, can be output from the TOPn1 pin.

The value of the TPNCCRO and TPNCCRH1 registers can be rewritten even while the timer is operating.

Figure 7-8. Configuration of Interval Timer

Clear
Count clock . Output .
selection >— 16-bit counter ™ controller © TOPnO pin
Match signal
# aich signa INTTPnCCO signal
TPnCE bit CCRO buffer register

i

TPnCCRO register

Remark n=0t08

Figure 7-9. Basic Timing of Operation in Interval Timer Mode

FFFFH
Do — Do — Do —— Do A
16-bit counter
0000H
TPnCE bit |
TPnCCRO register :X Do

TOPNO pin output

INTTPnCCO signal —| —| —| —|

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)

Remark n=0t08
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When the TPnCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization
with the count clock, and the counter starts counting. At this time, the output of the TOPnNO pin is inverted. Additionally,
the set value of the TPNCCRO register is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is
cleared to 0000H, the output of the TOPnO pin is inverted, and a compare match interrupt request signal
(INTTPNnCCO) is generated.

The interval can be calculated by the following expression.
Interval = (Set value of TPNCCRO register + 1) x Count clock cycle

Remark n=0t08

Figure 7-10. Register Setting for Interval Timer Mode Operation (1/3)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPNCKS2 TPNCKS1 TPnCKS0
TPnCTLO | 0/1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |
| |

—— Select count clock

0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPRMD2 TPRMD1 TPnMDO
TPnCTL1| 0 \ 0 \ 0/Note

o | o o] of of
| |

0,0,0:
Interval timer mode

0: Operate on count
clock selected by
TPnCKSO0 to TPNCKS2 bits
1: Count with external
event count input signal

Note The TPnEEE bit can be set to 1 only when the timer output (TOPn1) is used. However, set the TPNnCCRO
and TPnCCRH1 registers to the same value.
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Figure 7-10. Register Setting for Interval Timer Mode Operation (2/3)

(c) TMPn I/O control register 0 (TPnlIOCO)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOl 0 \ o\o‘ 0\0/1\0/1\0/1\0/1|

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Setting TOPNO pin output level
before count operation

0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Setting TOPn1 pin output level
before count operation

0: Low level

1: High level

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO
TPnIOCZl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/{Note 0/{Note

L]

o | o |

Select valid edge of external
event count input (TIPnO pin).

Note The TPnEES1 and TPnEESO bits can be set only when the timer output (TOPn1) is used.
However, set the TPNCCRO and TPNnCCR1 registers to the same value.

(e) TMPn counter read buffer register (TPnCNT)
By reading the TPnCNT register, the count value of the 16-bit counter can be read.

(f) TMPn capture/compare register 0 (TPnCCRO0)
If the TPNCCRO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle

Remark n=0t08
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Figure 7-10. Register Setting for Interval Timer Mode Operation (3/3)

(g) TMPn capture/compare register 1 (TPnCCR1)
The TPnCCR1 register is not used in the interval timer mode. However, the set value of the TPnCCR1
register is transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches
the value of the CCR1 buffer register, the TOPn1 pin output is inverted and a compare match interrupt
request signal (INTTPnCC1) is generated.
By setting this register to the same value as the value set in the TPnCCRO register, a square wave with a
duty factor of 50% can be output from the TOPn1 pin.
When the TPnCCR1 register is not used, it is recommended to set its value to FFFFH. Also mask the
register by the interrupt mask flag (TPnCCIC1.TPnCCMK1).

Remarks 1. TMPn I/O control register 1 (TPnlOC1) and TMPn option register 0 (TPnOPTO) are not
used in the interval timer mode.
2. n=0to8
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(1) Interval timer mode operation flow

Figure 7-11. Software Processing Flow in Interval Timer Mode

FFFFH

16-bit counter

0000H

Do

TPnCE bit

TPnCCRO register x

Do

TOPNO pin output

INTTPnCCO signal

<1>

<1> Count operation start flow

o )

Register initial setting
TPnCTLO register
(TPNCKSO to TPNCKS2 bits)
TPnCTL1 register,
TPnlOCO register,
TPnIOC2 registerite,
TPnCCRO register

TPnCE bit =1

<2> Count operation stop flow

TPnCE bit=0

C=

the TPNCCRO and TPNCCRH1 registers to the same value.

Remark n=0t08

Initial setting of these registers is performed
before setting the TPnCE bit to 1.

The TPnCKSO0 to TPnCKS2 bits can be
set at the same time when counting has
been started (TPnCE bit = 1).

The counter is initialized and counting is
stopped by clearing the TPnCE bit to 0.
The output level of the TOPNO pin is as
specified by the TPnlOCO register.

<2>

Note The TPnEES1 and TPnEESO bits can be set only when timer output (TOPn1) is used. However, set
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(2) Interval timer mode operation timing

(a) Operation if TPNCCRO register is set to 0000H

If the TPNCCRO register is set to 0000H, the INTTPnCCO signal is generated at each count clock, and the
output of the TOPNO pin is inverted.

The value of the 16-bit counter is always 0000H.

Count clock

16-bit counter

TPnCE bit

TPnCCRO register

TOPNO pin output

INTTPnCCO signal

Remark n=0t08

FFFFH 0000H 0000H 0000H 0000H
0000H
Interval time Interval time Interval time

Count clock cycle

Count clock cycle

Count clock cycle
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(b) Operation if TPNCCRO register is set to FFFFH

If the TPnCCRO register is set to FFFFH, the 16-bit counter counts up to FFFFH. The counter is cleared to
0000H in synchronization with the next count-up timing. The INTTPnCCO signal is generated and the
output of the TOPNO pin is inverted. At this time, an overflow interrupt request signal (INTTPnOV) is not

generated, nor is the overflow flag (TPNnOPTO.TPnOVF bit) set to 1.

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register

TOPNO pin output

INTTPnCCO signal

Remark n=0t08

FFFFH
Interval time Interval time Interval time
10000H x 10000H x 10000H x

count clock cycle

count clock cycle

count clock cycle
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(c) Notes on rewriting TPnCCRO register
When the value of the TPnCCRO register is rewritten to a smaller value during counting, the 16-bit counter
may overflow. If there is a possibility of overflow, stop counting and then change the set value.

FFFFH
D1 D1

16-bit counter
D2 Do2—— D2——

0000H

TPnCE bit J

TPnCCRO register D1 D2

TPnOLObit L

TOPNO pin output

‘

INTTPnCCO signal —| —|

Interval time (1) Interval time (NG) Interval
time (2)

Remarks 1. Interval time (1): (D1 + 1) x Count clock cycle
Interval time (NG): (10000H + D2 + 1) x Count clock cycle
Interval time (2): (D2 + 1) x Count clock cycle
2. n=0to8

If the value of the TPNnCCRO register is changed from D1 to D2 while the count value is greater than Dz but
less than D1, the count value is transferred to the CCRO buffer register as soon as the TPNnCCRO register
has been rewritten. Consequently, the value of the 16-bit counter that is compared is Do.

Because the count value has already exceeded D2, however, the 16-bit counter counts up to FFFFH,
overflows, and then counts up again from 0000H. When the count value matches D2, the INTTPnCCO
signal is generated and the output of the TOPnNO pin is inverted.

Therefore, the INTTPnCCO signal may not be generated at the interval time “(D1 + 1) x Count clock cycle”
or “(D2 + 1) x Count clock cycle” originally expected, but may be generated at an interval of “(10000H + D2
+ 1) x Count clock period”.
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(d) Operation of TPNCCR1 register

Figure 7-12. Configuration of TPNnCCR1 Register

Count clock
selection

TPnCCRT1 register

iy

CCR1 buffer register

{} Match signal

Output

-
controller

—=Q TOPnN1 pin

Clear

INTTPnCC1 signal

16-bit counter

Output
controller

—=(Q TOPNO pin

{} Match signal
ﬁ

TPnCE bit

CCRO buffer register

Remark n=0t08

i

TPnCCRO register

INTTPNnCCO signal
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When the TPnCCRH1 register is set to the same value as the TPnCCRO register, the INTTPnCC1 signal is
generated at the same timing as the INTTPnCCO signal and the TOPn1 pin output is inverted. In other
words, a square wave with a duty factor of 50% can be output from the TOPn1 pin.

The following shows the operation when the TPnCCR1 register is set to other than the value set in the
TPnCCRO register.

If the set value of the TPNCCR1 register is less than the set value of the TPnCCRO register, the
INTTPnCC1 signal is generated once per cycle. At the same time, the output of the TOPn1 pin is inverted.
The TOPn1 pin outputs a square wave with a duty factor of 50% after outputting a short-width pulse.

Figure 7-13. Timing Chart When Do1 > D11

FFFFH
Dot — Dot — Dot — Dot —
16-bit counter D11 Z D11 / D11 Z D11 Z

0000H

TPnCE bit J

TPnCCRO register Dot

TOPNO pin output

INTTPnCCO signal —| —| —| —|

TPnCCR1 register D

TOPN1 pin output

INTTPnCC1 signal —| —| —| —|

Remark n=0t08
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If the set value of the TPNCCR1 register is greater than the set value of the TPnCCRO register, the count

value of the 16-bit counter does not match the value of the TPnCCR1 register.
INTTPnCC1 signal is not generated, nor is the output of the TOPn1 pin changed.
When the TPnCCR1 register is not used, it is recommended to set its value to FFFFH.

Figure 7-14. Timing Chart When Do1 < D11

Consequently, the

FFFFH

16-bit counter

0000H

TPnCE bit J

TPnCCRO register

TOPNO pin output

INTTPnCCO signal

TPnCCR1 register

TOPN1 pin output

INTTPnCC1 signal L

Remark n=0t08
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(3) Operation by external event count input (TIPn0)

(a) Operation
To count the 16-bit counter at the valid edge of external event count input (TIPnO) in the interval timer
mode, the valid edge of the external event count input is necessary once because the 16-bit counter is
cleared from FFFFH to 0000H immediately after the TPnCE bit is set from 0 to 1.
When 0001H is set to both the TPNCCRO and TPnCCR1 registers, the TOPn1 pin output is inverted each
time the 16-bit counter counts twice.
The TPnCTL1.TPnEEE bit can be set to 1 in the interval timer mode only when the timer output (TOPn1) is
used with the external event count input.

FFFFH
16-bit counter 000%0%“4
0000H < | —

TPnCE bit

External event count input J \ l_

(TIPNO pin input)

TPnCCRO register 0001H 0001H 0001H

TPnCCR1 register 0001H 0001H 0001H

TOPN1 pin output

2-count width 2-count width 2-count width
Number of external Number of external Number of external
events: 3 events: 2 events: 2

Remark n=0t08
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7.6.2 External event count mode (TPnMD2 to TPnMDO bits = 001)

In the external event count mode, the valid edge of the external event count input (TIPnO) is counted when the
TPnCTLO.TPnCE bit is set to 1, and an interrupt request signal (INTTPnCCO) is generated each time the number of
edges set by the TPnCCRO register have been counted. The TOPn0 and TOPn1 pins cannot be used. When using
the TOPn1 pin for external event count input, set the TPnCTL1.TPnEEE bit to 1 in the interval timer mode (see 7.6.1
(3) Operation by external event count input (TIPn0)).

The TPnCCR1 register is not used in the external event count mode.

Caution In the external event count mode, the TPnCCRO and TPnCCR1 registers must not be cleared to
0000H.

Figure 7-15. Configuration in External Event Count Mode

Clear

TIPNO pin Edge
(external event O— detector ] >—* 16-bit counter

count input)

Match signal
- atch signa INTTPRCCO signal

ﬁ

TPnCE bit CCRQO buffer register

i

TPnCCRO register

Remark n=0t08
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Figure 7-16. Basic Timing in External Event Count Mode

FEEFH ’/“)//—\

Do Do 4 ' Do
16-bit counter b

0000H 16-bit counter Do - 1 X Do X 0000 X0001

] . External event

TPNCE bit i ! count input | | | | | |
JE— ' i (TIPnO pin input)

TPnCCRO register :X Do:

INTTPNCCO signal —| _| | INTTPRCCO signal _l

Number of | Number of|'Number of
external external external

h TPnCCRO register Do

event event event
count count count
(Do) (Do+1)  (Do+1)
times times times

Note In the external event count mode, when the TPnCTLO.TPnCE bit is set to 1 (operation starts),
the 16-bit counter is cleared from FFFFH to 0000H at the same time. The first count operation
starts from 0001H each time the valid edge of the external event count input is detected.
Therefore, the count of the first count operation is one number smaller than the count of the
second or subsequent count operation.

Remarks 1. This figure shows the basic timing when the rising edge is specified as the valid edge of
the external event count input.
2. n=0to8
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When the TPnCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H. The counter
counts each time the valid edge of external event count input is detected. Additionally, the set value of the TPnCCRO
register is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is
cleared to 0000H, and a compare match interrupt request signal (INTTPnCCO) is generated.

The INTTPnCCO signal is generated for the first time when the valid edge of the external event count input has
been detected “value set to TPNCCRO register’ times. After that, the INTTPnCCO signal is generated each time the
valid edge of the external event count input has been detected “value set to TPnCCRO register + 1” times.

Figure 7-17. Register Setting for Operation in External Event Count Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPnCKSO0
TPnCTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |

‘ 0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
TPnCTL1|0‘O‘O‘O‘O‘O‘O‘1|

0,0,1:
External event count mode

(c) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPREESO TPnETS1 TPnETSO
TPnIOC2|O‘0‘O‘O‘O/1‘O/1‘0‘0|

Select valid edge
of external event
count input (TIPnO pin)
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Figure 7-17. Register Setting for Operation in External Event Count Mode (2/2)

(d) TMPn counter read buffer register (TPnCNT)
The count value of the 16-bit counter can be read by reading the TPnCNT register.

(e) TMPn capture/compare register 0 (TPnCCRO0)
If the TPNCCRO register is set to Do, the count is cleared when the number of external events has
reached (Do) and the first compare match interrupt request signal (INTTPnCCO) is generated. The
second compare match interrupt request signal (INTTPnCCO) is generated when the number of
external events has reached (Do + 1).

(f) TMPn capture/compare register 1 (TPnCCR1)
The TPnCCR1 register is not used in the external event count mode. However, the set value of the
TPnCCR1 register is transferred to the CCR1 buffer register. When the count value of the 16-bit
counter matches the value of the CCR1 buffer register, a compare match interrupt request signal
(INTTPnCC1) is generated.
When the TPnCCR1 registers are not used, it is recommended to set their value to FFFFH. Also mask
the register by the interrupt mask flag (TPnCCIC1.TPnCCMK1).

Cautions 1. Set the TPnlOCO register to 00H.
2. When an external clock is used as the count clock, the external clock can be input
only from the TIPnO pin. At this time, set the TPnIOC1.TPnIS1 and TPnlOC1.TPnIS0
bits to 00 (capture trigger input (TIPnO pin): no edge detection).

Remarks 1. TMPn I/O control register 1 (TPnIOC1) and TMPn option register 0 (TPnOPTO) are not
used in the external event count mode.
2. n=0to8
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(1) External event count mode operation flow

Figure 7-18. Flow of Software Processing in External Event Count Mode

FFFFH

Do —— Do —— Do —
16-bit counter

0000H

TPnCE bit

TPnCCRO register x Do

INTTPNnCCO signal —l —l _|

<1> <2>

<1> Count operation start flow

(o)

Register initial setting Initial setting of these registers
TPnCTL1 register, is performed before setting the
TPnlOC2 register, TPnCE bit to 1.

TPnCCRO, TPnCCRH1 registers

TPnCE bit =1

<2> Count operation stop flow

The counter is initialized and counting
TPnCE bit=0 is stopped by clearing the TPnCE bit to 0.

=

Remark n=0t08
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(2) Operation timing in external event count mode

Cautions 1. In the external event count mode, setting the TPnCCRO and TPnCCR1 registers to 0000H
is disabled.

2. In the external event count mode, use of the timer output (TOPn0, TOPn1) is disabled. If
performing external event count input (TIPn0) using timer output (TOPn1), set the interval
timer mode to enable the count clock operation (TPnCTL1.TPnEEE bit = 1) for the external
event count input (refer to 7.6.1 (3) Operation by external event count input (TIPn0)).

(a) Operation if TPNCCRO register is set to FFFFH
If the TPNCCRO register is set to FFFFH, the 16-bit counter counts to FFFFH each time the valid edge of
the external event count signal has been detected. The 16-bit counter is cleared to 0000H in
synchronization with the next count-up timing, and the INTTPnCCO signal is generated. At this time, the
TPnOPTO.TPnOVF bit is not set.

FFFFH

16-bit counter

0000H
TPnCE bit
TPnCCRO register FFFFH
INTTPNnCCO signal —l —l —l
Number of Number of Number of
external event | external event | external event
count count count

FFFFH times 10000H times 10000H times

Remark n=0t08
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(b) Notes on rewriting the TPnCCRO register
If the value of the TPnCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow. If there is a possibility of overflow, stop counting and then change the set value.

FFFFH
D1 D1 /
16-bit counter
D2 Do—— D2——
0000H
TPnCE bit
TPnCCRO register D1 D2
INTTPnCCO signal —| —| —|
Number of Number of external event Number of external
external event count (NG) event count (2)
count (1) (10000H + D2 + 1) times (D2 + 1) times

(D1) times

Remark n=0t08

422

If the value of the TPNnCCRO register is changed from D1 to D2 while the count value is greater than D2 but
less than D1, the count value is transferred to the CCRO buffer register as soon as the TPnCCRO register
has been rewritten. Consequently, the value that is compared with the 16-bit counter is D2.

Because the count value has already exceeded D2, however, the 16-bit counter counts up to FFFFH,
overflows, and then counts up again from 0000H. When the count value matches D2, the INTTPnCCO
signal is generated.

Therefore, the INTTPnCCO signal may not be generated at the valid edge count of “(D1 + 1) times” or “(D2
+ 1) times” originally expected, but may be generated at the valid edge count of “(10000H + D2 + 1) times”.
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(c) Operation of TPNCCR1 register

Figure 7-19. Configuration of TPnCCR1 Register

TPnCCR1 register

iy

CCR1 buffer register

& Match signal INTTPNCCH1 signal
Clear

E
TIPnO pin O— deti?:?or >—~ 16-bit counter

(external event

count input) {} Match signal
7/\T 9 INTTPNCCO signal

TPnCE bit CCRO buffer register

il

TPnCCRO register

Remark n=0t08

If the set value of the TPNCCR1 register is smaller than the set value of the TPnCCRO register, the
INTTPnCC1 signal is generated once per cycle.

Figure 7-20. Timing Chart When Do1 > D11

FFFFH

Dot — Dot — Dot — Do
16-bit counter Di; / Di1 Z D11 Z D11 Z

0000H

TPnCE bit

TPnCCRO register Dot

INTTPnCCO signal —| —| —| —|

TPnCCRH1 register D11

INTTPnCC1 signal —| —| —| —|

Remark n=0t08
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If the set value of the TPnCCR1 register is greater than the set value of the TPnCCRO register, the
INTTPnCC1 signal is not generated because the count value of the 16-bit counter and the value of the
TPnCCR1 register do not match.

It is recommended to set FFFFH to the TPnCCR1 register when the TPnCCR1 register is not used.

Figure 7-21. Timing Chart When Do1 < D11

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register Dot

INTTPnCCO signal —| —| —| —|

TPnCCRH1 register D11

INTTPnCC1 signal L

Remark n=0t08
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7.6.3 External trigger pulse output mode (TPnMD2 to TPnMDO bits = 010)
In the external trigger pulse output mode, 16-bit timer/event counter P waits for a trigger when the
TPnCTLO.TPnCE bit is set to 1. When the valid edge of an external trigger input signal is detected, 16-bit timer/event
counter P starts counting, and outputs a PWM waveform from the TOPn1 pin.
Pulses can also be output by generating a software trigger instead of using the external trigger. When using a
software trigger, a square wave that has one cycle of the PWM waveform as half its cycle can also be output from the

TOPNO pin.

Figure 7-22. Configuration in External Trigger Pulse Output Mode

TIPNnO pinNete O—

(external
trigger input)

Edge
detector

Software trigger
generation

Count
clock
selection

TPnCCR1 register

Transfer

L

CCRH1 buffer register

-

Note Because the external trigger input pin (TIPn0) and timer output pin (TOPnO) share the same alternate-

Count
start
control

& Match signal

Output

controller Q) TOPnN1 pin

( R (Rs-FF)

TPnCE bit

INTTPnCC1 signal

Clear
16-bit counter , .| Output —=©O) TOPNO pinNete
controller
Match signal
# alch signa INTTPRCCO signal
CCRO buffer register
{ } Transfer

TPnCCRO register

function pin, two functions cannot be used at the same time.

Caution

In external trigger pulse output mode, select the internal clock (set TPnCTL1.TPnEEE bit = 0)

as the count clock.

Remark n=0to8
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Figure 7-23. Basic Timing in External Trigger Pulse Output Mode

FFFFH
Do Do Do Do

o 1 o A A

16-bit counter D1

0000H

TPnCE bit

External trigger input _| _|
(TIPNO pin input)

TPnCCRQO register x Do
INTTPnCCO signal —l —l —l —l

TOPNO pin output
(only when software
trigger is used)

TPnCCRH1 register x D1
INTTPnCC1 signal —| —| —| —|

TOPN1 pin output

Wait | Active level Active leve Active level
for |width (D1) width (D1) width (D1)
trigger
Cycle (Do+ 1)  Cycle (Do + 1) Cycle (Do + 1)

16-bit timer/event counter P waits for a trigger when the TPnCE bit is set to 1. When the trigger is generated, the
16-bit counter is cleared from FFFFH to 0000H, starts counting at the same time, and outputs a PWM waveform from
the TOPn1 pin. If the trigger is generated again while the counter is operating, the counter is cleared to 0000H and
restarted. (The output of the TOPNO pin is inverted. The TOPn1 pin outputs a high-level regardless of the status
(high/low) when a trigger occurs.)

The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TPNnCCR1 register) x Count clock cycle
Cycle = (Set value of TPNCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPnCCR1 register)/(Set value of TPnCCRO register + 1)

The compare match request signal INTTPnCCO is generated when the 16-bit counter counts next time after its
count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The compare
match interrupt request signal INTTPnCC1 is generated when the count value of the 16-bit counter matches the value
of the CCR1 bulffer register.

The value set to the TPnCCRa register is transferred to the CCRa buffer register when the count value of the 16-bit
counter matches the value of the CCRa buffer register and the 16-bit counter is cleared to 0000H.

The valid edge of an external trigger input (TIPnO) signal, or setting the software trigger (TPnCTL1.TPnEST bit) to
1 is used as the trigger.

Remark n=0to8
a=0,1
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Figure 7-24. Setting of Registers in External Trigger Pulse Output Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)
TPnCE TPnCKS2 TPnCKS1 TPnCKSO0
TPNCTLO | o ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ o ‘ 0/1 ‘ o |
\ |

——  Select count clock

0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)
TPNEST TPnEEE TPnMD2 TPnMD1 TPnMDO
TPNCTL1 | 0 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 |

0,1,0:
L External trigger pulse
output mode

0: Operate on count
clock selected by
TPnCKSO0 to TPNCKS2 bits

Generate software trigger
when 1 is written

(c) TMPn I/O control register 0 (TPnIOCO0)
TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnlOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ on ‘ oNn ‘ 0/ ‘ 0/qNote

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Setting output level of TOPNO pin in
status of waiting for external trigger

0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Setting output level of TOPn1 pin in
status of waiting for external trigger

0: Low level
1: High level
e When TPnOL1 bit=0 e When TPnOL1 bit =1
16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/
TOPnipinoutout _ 1 LI L I TOPnipinoutout —_ ™ LI LI 1L

Note Clear this bit to 0 when the TOPnNO pin is not used in the external trigger pulse output mode.
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Figure 7-24. Setting of Registers in External Trigger Pulse Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO
TPnlOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 |

Select valid edge of external
trigger input (TIPnO pin)

(e) TMPn counter read buffer register (TPNnCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCRO0 and TPnCCR1)
If Do is set to the TPNnCCRO register and D1 to the TPnCCR1 register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = D1 x Count clock cycle

Remarks 1. TMPn I/O control register 1 (TPnIOC1) and TMPn option register 0 (TPnOPTO0) are not
used in the external trigger pulse output mode.
2.n=0to08

428 User's Manual U19201EJ3VOUD



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

(1) Operation flow in external trigger pulse output mode

Figure 7-25. Software Processing Flow in External Trigger Pulse Output Mode (1/2)

FFFFH

16-bit counter

0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register
CCRO buffer register
INTTPnCCO signal

TOPNO pin output
(only when software
trigger is used)
TPnCCR1 register
CCR1 buffer register

INTTPnCC1 signal

TOPN1 pin output

Dot Dot Dot
Doo Doo D11 D11 Doo
Do Do D1o Dio

X Doo Dot Doo

X Doo X Dot Doo
X Do D1o D11 X Do

X D1o X D1o X D11 Do

<1> <2> <3> <4> <5>

Remark n=0t08
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Figure 7-25. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

<1> Count operation start flow <3> TPnCCRO, TPnCCR1 register
setting change flow
| Only writing of the TPNnCCR1
START | register must be performed when
‘ the set duty factor is changed.

When the counter is cleared after

Setting of TPNCCR1 register setting, the value of the
TPnCCRa register is transferred

Register initial setting Initial setting of these ‘ to the CCRa buffer register.
TPnCTLO register registers is performed !
(TPNCKSO to TPNCKS2 bits) | before setting the :
TPNnCTL1 register, TPnCE bit to 1.

TPnIOCO register,
TPnIOC2 register,
TPnCCRO register,

TPnCCR1 register <4> TPnCCRO, TPNCCR1 register

setting change flow

The TPnCKSO to |
TPnCKS2 bits can be
set at the same time ‘

TPnCE bit =1 when counting is When the counter is
enabled (TPNCE bit=1). | setting of TPNCCRO register cleared after setting,
Trigger wait status the value of the TPnCCRa

register is transferred to
the CCRa buffer register.

Setting of TPNCCR1 register

<2> TPnCCRO and TPnCCRH1 register
setting change flow

<5> Count operation stop flow

Writing the same value o
Setting of TPNCCRO register (same as the TPnCCR1 TPnCE bit =0
register already set) to
the TPnCCR1 register is

necessary only when
the set cycle is changed. C SToP )

When the counter is
Settlng of TPnCCR1 I’egiSter cleared after Sening’

the value of the TPNCCRa
register is transferred to
! the CCRa buffer register.

Counting is stopped.

Remark n=0t08
m=0, 1
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(2) External trigger pulse output mode operation timing

(a) Note on changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TPnCCR1 register last.
Rewrite the TPNCCRm register after writing the TPNCCR1 register after the INTTPnCCO signal is detected.

FFFFH

— Dn D11

16-bit counter Doo
10

Z*DDOOZ*DDOOZ

10 10

0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register x Doo X Dot

CCRO buffer register Doo Dot

INTTPnCCO signal 1 1 1 1 1

TOPNO pin output
(only when software
trigger is used)

TPnCCRH1 register x D1o X D11

CCR1 buffer register D1o D11

INTTPnCC1 signal _| —| —| —| —|

TOPN1 pin output

Remark n=0t08

User's Manual U19201EJ3VOUD 431




CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

432

In order to transfer data from the TPnCCRa register to the CCRa buffer register, the TPnCCR1 register
must be written.

To change both the cycle and active level width of the PWM waveform at this time, first set the cycle to the
TPnCCRO register and then set the active level width to the TPnCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TPnCCRO register, and then write
the same value (same as the TPNnCCR1 register already set) to the TPnCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TPNnCCR1 register has
to be set.

After data is written to the TPnCCR1 register, the value written to the TPnCCRa register is transferred to
the CCRa buffer register in synchronization with clearing of the 16-bit counter, and is used as the value
compared with the 16-bit counter.

To write the TPNCCRO or TPNCCRH1 register again after writing the TPNnCCR1 register once, do so after the
INTTPnCCO signal is generated. Otherwise, the value of the CCRa buffer register may become undefined
because the timing of transferring data from the TPnCCRa register to the CCRa buffer register conflicts
with writing the TPnCCRa register.

Remark n=0to8
a=0,1
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TPNnCCR1 register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTPnCCO and INTTPnCC1 signals are generated at the next timing after a match between the
count value of the 16-bit counter and the value of the CCRO buffer register.

Count clock

E

16-bit counter ~ FFFF X 0000 ::X Do — 1X Do 0000 X 0001 x ::X Do — 1X Do 0000 x

( ((
] )

TPnCE bit

L

External trigger input
(TIPNO pin input)

—

TPnCCRO register Do Do Do
? !
) )]
TPnCCRH1 register 0000H 0000H 0000H
{ {
)] )]
INTTPNnCCO signal

INTTPnCC1 signal

TOPn1 pinoutput L

Remark n=0t08

To output a 100% waveform, set a value of (set value of TPnCCRO register + 1) to the TPnCCR1 register.
If the set value of the TPnCCRO register is FFFFH, 100% output cannot be produced.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF |X 0000 ::X Do — 1X Do X 0000 X 0001 x ::X Do — 1X Do 0000 X
§

((
)]

)
TPnCE bit |
External trigger input _|
(TIPNO pin input) ” L

) )

TPnCCRO register Do Do Do
) )
)] )]

TPnCCR1 register Do +1 B Do +1 B Do + 1
)] )]

INTTPnCCO signal N —| M —|
)] )]

INTTPnCC1 signal

TOPN1 pin output

Remark n=0t08
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(c) Conflict between trigger detection and match with CCR1 buffer register
If the trigger is detected immediately after the INTTPNCC1 signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOPn1 pin is asserted, and the counter continues
counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter ~ FFFF X 0000 x D1 -1 0000 x
T %

External trigger input
(TIPNO pin input)

{(
It
)]
CCR1 buffer register D1

(
)

{
)

INTTPNCC1 signal —l

TOPN1 pin output

Shortened

Remark n=0t08

If the trigger is detected immediately before the INTTPnCC1 signal is generated, the INTTPnCC1 signal is
not generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal of the
TOPN1 pin remains active. Consequently, the active period of the PWM waveform is extended.

16-bit counter ~ FFFF |[X 0000 x D1 - 2X X 0000 X 0001 x XD1—1

External trigger input
(TIPNO pin input)

CCR1 buffer register D1

INTTPNCC1 signal —l

TOPN1 pin output

Extended

Remark n=0t08
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(d) Conflict between trigger detection and match with CCRO buffer register
If the trigger is detected immediately after the INTTPNCCO signal is generated, the 16-bit counter is
cleared to 0000H and continues counting up. Therefore, the active period of the TOPn1 pin is extended by
time from generation of the INTTPnCCO signal to trigger detection.

16-bit counter  FFFF .OOOO x Do — 1X Do 0000 OOOOX:

External trigger input
(TIPNO pin input)

CCRO buffer register B Do
b
INTTPnCCO signal N —l
)
TOPN1 pin output
Extended

Remark n=0t08

If the trigger is detected immediately before the INTTPnCCO signal is generated, the INTTPnCCO signal is
not generated. The 16-bit counter is cleared to 0000H, the TOPn1 pin is asserted, and the counter
continues counting. Consequently, the inactive period of the PWM waveform is shortened.

|
16-bit counter  FFFF .0000 x o — 1X Do OOOOX 0001 X:

External trigger input
(TIPNO pin input)

CCRO buffer register ) Do
b
INTTPNnCCO signal B
b
—
TOPN1 pin output
Sho<r¥e>ned

Remark n=01t08
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(e) Generation timing of compare match interrupt request signal (INTTPnCC1)
The timing of generation of the INTTPnCC1 signal in the external trigger pulse output mode differs from
the timing of other mode INTTPnCC1 signals; the INTTPnCC1 signal is generated when the count value of
the 16-bit counter matches the value of the TPnCCR1 register.

Count clock
16-bit counter Di-2 X Di—1 D1 X D1 +1 X D1 +2
TPnCCRH1 register D+

TOPN1 pin output

INTTPnCC1 signal —l

Remark n=0t08

Usually, the INTTPnCC1 signal is generated in synchronization with the next count up, after the count
value of the 16-bit counter matches the value of the TPnCCR1 register.

In the external trigger pulse output mode, however, it is generated one clock earlier. This is because the
timing is changed to match the timing of changing the output signal of the TOPn1 pin.
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7.6.4 One-shot pulse output mode (TPnMD2 to TPnMDO bits = 011)

In the one-shot pulse output mode, 16-bit timer/event counter P waits for a trigger when the TPnCTLO.TPnCE bit is
set to 1. When the valid edge of an external trigger input (TIPnO) is detected, 16-bit timer/event counter P starts
counting, and outputs a one-shot pulse from the TOPn1 pin.

Instead of the external trigger (TIPn0), a software trigger can also be generated to output the pulse. When the
software trigger is used, the TOPnO pin outputs the active level while the 16-bit counter is counting, and the inactive
level when the counter is stopped (waiting for a trigger).

Figure 7-26. Configuration in One-Shot Pulse Output Mode

TPnCCR1 register

TIPnO pinNote ©Q—— Edge { tiTransfer
detector
(external S Output
trigger input) CCRH1 buffer register controller @@ TOPn1 pin
™ R
(RS-FF)
Software trigger & ]
generation Match signal INTTPnCCH signal
Clear
Output
Count clock ) Count start ~S .
: ™ 16-bit counter controller [—=©) TOPRNO pinNote
selection control +—1 R (RS-FF)
+ " atch sgnal INTTPNCCO signal
TPnCE bit CCRO buffer register
{ } Transfer
|
TPnCCRO register

Note Because the external trigger input pin (TIPn0) and timer output pin (TOPnOQ) share the same
alternate-function pin, two functions cannot be used at the same time.

Caution In one-shot pulse output mode, select the internal clock (set TPNnCTL1.TPnEEE bit = 0)
as the count clock.

Remark n=0t08
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Figure 7-27. Basic Timing in One-Shot Pulse Output Mode

FFFFH
Do — Do Do —
16-bit t Z Z
It counter D D D
0000H
TPnCE bit

External trigger input _| _| _|
(TIPNO pin input)

TPnCCRO register x Do

INTTPnCCO signal —| —| —|

TOPNO pin output
(only when software
trigger is used) ~—— — —

TPnCCRH1 register X D1
INTTPnCC1 signal —| —| —|

TOPN1 pin output

Delay |Active Delay |Active Delay |Active
(D1) level width (D1) level width (D1) level width
(Do—D1+1) (Do-D1+1) (Do—D1+1)

When the TPnCE bit is set to 1, 16-bit timer/event counter P waits for a trigger. When the trigger is generated, the
16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a one-shot pulse from the TOPn1 pin.
After the one-shot pulse is output, the 16-bit counter is set to 0000H, stops counting, and waits for a trigger. When the
trigger is generated again, the 16-bit counter starts counting from 0000H. Generations of a trigger is ignored while the
one-shot pulse is being output.

The output delay period and active level width of the one-shot pulse can be calculated as follows.

Output delay period = (Set value of TPnCCR1 register) x Count clock cycle
Active level width = (Set value of TPnCCRO register — Set value of TPNnCCR1 register + 1) x Count clock cycle

The compare match interrupt request signal INTTPnCCO is generated when the 16-bit counter counts after its
count value matches the value of the CCRO buffer register. The compare match interrupt request signal INTTPnCCA1
is generated when the count value of the 16-bit counter matches the value of the CCR1 buffer register.

The valid edge of an external trigger input (TIPnO pin) or setting the software trigger (TPnCTL1.TPnEST bit) to 1 is
used as the trigger.

Remark n=0to8
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Figure 7-28. Setting of Registers in One-Shot Pulse Output Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPNCKS2 TPnCKS1 TPRCKSO
TPnCTLO|0/1‘0‘0‘0‘0‘0/1‘0/1‘0/1'

——  Select count clock

0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)

TPREST TPnEEE TPAMD2 TPnMD1 TPnMDO
TPnCTL1|O‘0/1‘O‘O‘O‘O‘1‘1|

0,1,1:
One-shot pulse output mode

0: Operate on count clock
selected by TPnCKSO to
TPnCKS?2 bits

Generate software trigger
when 1 is written

(c) TMPn I/O control register 0 (TPnlIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEOQ
TPnIOCOl 0 \ 0 \ 0 \ 0 \ 0 \ 0/ \ 0/ ‘0/1Note

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Setting of TOPNO pin output level

in status of waiting for external trigger
0: Low level
1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Setting of TOPn1 pin output level
in status of waiting for external trigger

0: Low level
1: High level
e When TPnOL1 bit=0 e When TPnOL1 bit = 1
16-bit counter v | e | 16-bit counter v | d |
TOPN1 pin output 1 L TOPN1 pin output LT LI

Note Clear this bit to 0 when the TOPNO pin is not used in the one-shot pulse output mode.
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Figure 7-28. Setting of Registers in One-Shot Pulse Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO
TPnIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 |

Select valid edge of external

trigger input (TIPnO pin)

(e) TMPn counter read buffer register (TPNnCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCR0 and TPnCCR1)
If Do is set to the TPnCCRO register and D1 to the TPnCCR1 register, the active level width and output
delay period of the one-shot pulse are as follows.
Active level width = (Do — D1 + 1) x Count clock cycle
Output delay period = (D1) x Count clock cycle

Caution One-shot pulses are not output even in the one-shot pulse output mode, if the value
set in the TPNnCCR1 register is greater than that set in the TPnCCRO register.

Remarks 1. TMPn I/O control register 1 (TPnIOC1) and TMPn option register 0 (TPnOPTO) are not
used in the one-shot pulse output mode.
2.n=0t08
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Figure 7-29. Software Processing Flow in One-Shot Pulse Output Mode

(1) Operation flow in one-shot pulse output mode

FFFFH

16-bit counter

0000H

Doo ——

Dio Z

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register

INTTPnCCO signal

TPnCCRT1 register

INTTPnCC1 signal

TOPN1 pin output

<1> Count operation start flow

(o )

Register initial setting
TPnCTLO register
(TPNCKSO0 to TPnCKS2 bits)
TPnCTLA1 register,
TPnlOCO register,
TPnlOC2 register,
TPnCCRO register,
TPnCCR1 register

TPnCE bit =1

Remark n=0t08
a=0,1

<1> <2>

<3>

<2> TPnCCRO, TPnCCRH1 register setting change flow

Initial setting of these
registers is performed
before setting the
TPnCE bitto 1.

Setting of TPNCCRO, TPnCCR1
registers

<3> Count operation stop flow

The TPnCKSO to
TPnCKS2 bits can be
set at the same time
when counting has been
started (TPnCE bit = 1).
Trigger wait status

TPnCE bit=0

=

As rewriting the
TPnCCRa register
immediately forwards
to the CCRa buffer
register, rewriting
immediately after

the generation of the
INTTPNnCCO signal

is recommended.

Count operation is
stopped
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(2) Operation timing in one-shot pulse output mode

(a) Note on rewriting TPNnCCRa register
If the value of the TPnCCRa register is rewritten to a smaller value during counting, the 16-bit counter may
overflow. If there is a possibility of overflow, stop counting and then change the set value.

FFFFH
Doo —r— Doo —r— Doo

16-bit counter D1o Z D1o Z D1o Z Dot

. / / P a8

TPnCE bit
External trigger input _| _| ‘|
(TIPNO pin input)
TPnCCRO register x Doo X Do1
INTTPnCCO signal —l —l —l

TOPNO pin output —
(only when software
trigger is used) —— —

TPnCCRH1 register X D1o X D11

INTTPnCC1 signal —| —|

—

TOPN1 pin output

Delay Delay Delay

(Do) (Do) (10000H + D11) .
Active level width Active level width Active level width
(Doo — D10 + 1) (Doo — D10 + 1) (Dot — D11 + 1)

When the TPnCCRO register is rewritten from Doo to Dot and the TPnCCR1 register from D10 to D11 where
Doo > Dot and D1o > D11, if the TPNnCCR1 register is rewritten when the count value of the 16-bit counter is
greater than D11 and less than D10 and if the TPnCCRO register is rewritten when the count value is greater
than Dot and less than Doo, each set value is reflected as soon as the register has been rewritten and
compared with the count value. The counter counts up to FFFFH and then counts up again from 0000H.
When the count value matches D11, the counter generates the INTTPNCC1 signal and asserts the TOPn1
pin. When the count value matches Do1, the counter generates the INTTPnCCO signal, deasserts the
TOPN1 pin, and stops counting.

Therefore, the counter may output a pulse with a delay period or active period different from that of the
one-shot pulse that is originally expected.

Remark n=0t08
a=0,1
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(b) Generation timing of compare match interrupt request signal (INTTPnCC1)
The generation timing of the INTTPnCC1 signal in the one-shot pulse output mode is different from other
mode INTTPnCC1 signals; the INTTPnCC1 signal is generated when the count value of the 16-bit counter
matches the value of the TPNnCCR1 register.

Count clock
16-bit counter D1-2 X Di-1 D1 X D1+ 1 X Di1+2
TPnCCRH1 register D1

TOPN1 pin output

INTTPnCC1 signal —l

Remark n=0t08

Usually, the INTTPnCC1 signal is generated when the 16-bit counter counts up next time after its count
value matches the value of the TPnCCR1 register.

In the one-shot pulse output mode, however, it is generated one clock earlier. This is because the timing is
changed to match the change timing of the TOPn1 pin.

Remark n=0t08
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7.6.5 PWM output mode (TPnMD2 to TPnMDO bits = 100)
In the PWM output mode, a PWM waveform is output from the TOPn1 pin when the TPnCTLO.TPnCE bit is set to 1.

In addition, a square wave with a duty factor of 50% with the set value of the TPnCCRO register + 1 as half its cycle

is output from the TOPNO pin.
Figure 7-30. Configuration in PWM Output Mode

TPnCCR1 register

‘ Transfer
15
s Output
CCR1 buffer register Rcontroller @O TOPN1 pin
(RS-FF)

)

INTTPnCC1 signal

{} Match signal

Internal count clock — =  Count Clear
clock
TIPnO pinNete ©— Edge ] selection o
(external event 16-bit counter t—=1 utut | 3 TOPNO pintete
count input) detector controller o P
{} Match signal
9 INTTPRCCO signal

CCRO buffer register

TPnCCRO register

TPnCE bit
Transfer

Note Because the external event count input pin (TIPn0) and timer output pin (TOPnO) share the same

alternate-function pin, two functions cannot be used at the same time.

Remark n=0t08
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Figure 7-31. Basic Timing in PWM Output Mode

FFFFH
Dot —4— Dot —1—
16-bit counter Doo -~ Doo 1~ Doo o~ Dt / D11 /
D1o /] Do /] D1o /]
0000H
TPnCE bit
TPnCCRO register :X Doo X Dot
CCRO buffer register Doo Dot

INTTPnCCO signal —| _| —| _| —|

TOPNO pin output

TPnCCRT1 register :X D1o X D11

CCR1 buffer register D1o D11

INTTPnCC1 signal _| —| —| —| —|

TOPN1 pin output

Active period  Cycle Inactive period
(D10) (Doo + 1) (Doo — D10 + 1)

When the TPnCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a
PWM waveform from the TOPn1 pin.
The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TPnCCR1 register ) x Count clock cycle
Cycle = (Set value of TPNCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPNnCCR1 register)/(Set value of TPnCCRO register + 1)

The PWM waveform can be changed by rewriting the TPnCCRa register while the counter is operating. The newly
written value is reflected when the count value of the 16-bit counter matches the value of the CCRO buffer register and
the 16-bit counter is cleared to 0000H.

The compare match interrupt request signal INTTPnCCO is generated when the 16-bit counter counts next time
after its count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The
compare match interrupt request signal INTTPnCC1 is generated when the count value of the 16-bit counter matches
the value of the CCR1 buffer register.

The value set to the TPNnCCRa register is transferred to the CCRa buffer register when the count value of the 16-bit
counter matches the value of the CCRa buffer register and the 16-bit counter is cleared to 0000H.

Remark n=0t08
a=0,1
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Figure 7-32. Setting of Registers in PWM Output Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPnCKSO0

TPnCTLOl o ‘ 0

Select count clockN*®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPnCTL1.TPnEEE bit = 1.

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO

TPnCTL1|O‘0‘O/1‘O‘O‘1‘0‘0'

1,0, 0:
PWM output mode

0: Operate on count clock
selected by TPnCKSO0 to
TPnCKS?2 bits

1: Count external event
input signal

(c) TMPn I/O control register 0 (TPnIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO

TPRIOGO [ 0 o | o | o | on | o |

0: Disable TOPnNO pin output
1: Enable TOPNO pin output

Setting of TOPNO pin output
level before count operation
0: Low level
1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Setting of TOPn1 pin output
level before count operation
0: Low level
1: High level

e When TPnOL1 bit=0 e When TPnOL1 bit = 1

16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/

TOPni pinoutput _ 1 1L 1L I — TOPn1 pinoutput —_ ™11 I 1

Note Clear this bit to 0 when the TOPNO pin is not used in the PWM output mode.
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Figure 7-32. Register Setting in PWM Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPRETS1 TPnETSO
TPnIOCZlO‘O‘O‘O‘Oﬁ‘ON‘ o\o|

Select valid edge
of external event
count input (TIPnO pin).

(e) TMPn counter read buffer register (TPNCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCR0 and TPnCCR1)
If Do is set to the TPnCCRO register and D1 to the TPNnCCR1 register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = D1 x Count clock cycle

Remarks 1. TMPn I/O control register 1 (TPnIOC1) and TMPn option register 0 (TPnOPTO) are not
used in the PWM output mode.
2.n=0to8
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(1) Operation flow in PWM output mode

Figure 7-33. Software Processing Flow in PWM Output Mode (1/2)

FFFFH

16-bit counter Doo Doo D11 D11 Doo
D1o D1o D1o Do

0000H

TPnCE bit

TPnCCRQO register :X Doo Dot Doo

CCRO buffer register X Doo X Do1 X Doo

INTTPnCCO signal —| —| —| —| —| —|

TOPNO pin output

TPnCCRH1 register } D1o D1o D11 Do

CCR1 buffer register X D1o X D1o X D11 X D1o

INTTPnCC1 signal —| —| —| —| —| —|
TOPN1 pin output J |

<1> <2> <3> <4> <5>

Remark n=0t08
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Figure 7-33. Software Processing Flow in PWM Output Mode (2/2)

<1> Count operation start flow <3> TPnCCRO, TPnCCR1 register setting change flow

(duty only)

C smr )

Setting of TPNCCR1 register

Register initial setting Initial setting of these ‘

TPnCTLO register registers is performed !

(TPNCKSO to TPNCKS2 bits) before setting the :
TPnCTL1 register, TPnCE bit to 1.

TPnIOCO register,
TPnIOC2 register,
TPnCCRO register,
TPnCCRH1 register

(frequency and duty)
The TPnCKSO0 to |

TPnCKS2 bits can be
set at the same time ‘

<4> TPnCCRO, TPnCCR1 register setting change flow

TPnCE bit =1 when counting is
enabled (TPnCE bit=1).|  getting of TPNCCRO register

Setting of TPNCCR1 register

<2> TPnCCRO, TPnCCR1 register setting change flow
(frequency only) <5> Count operation stop flow

: Writing the same value
‘ (same as the value of the
TPnCCRH1 register already TPnCE bit=0

Setting of TPNCCRO register set) to the TPnCCR1

register is necessary only
when the set cycle is changed.

When the counter is C STOP )
Setting of TPNCCR1 register cleared after setting,
the value of the TPnCCRa

register is transferred to the
CCRa buffer register.

Remark n=0t08
a=0,1

Only writing of the TPNCCR1
register must be performed
when the set duty factor is
changed. When the counter is
cleared after setting, the

value of compare register a

is transferred to the CCRa
buffer register.

When the counter is
cleared after setting,

the value of the TPnCCRa
register is transferred to the
CCRa buffer register.

Counting is stopped.
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(2) PWM output mode operation timing

(a) Changing pulse width during operation

To change the PWM waveform while the counter is operating, write the TPnCCR1 register last.
Rewrite the TPNCCRa register after writing the TPnCCR1 register after the INTTPnCCO signal is detected.

FFFFH
Dot —— Dot —1—
16-bit counter DEOOZ? DEDOZ? DEODZ? D11 / D11 /
0000H
TPnCE bit
TPnCCRO register :X Doo X Dot
CCRO buffer register Doo Dot
TPnCCRH1 register :X Do X D11
CCR1 buffer register D1o D11
TOPN1 pin output || || a
INTTPnCCO signal —| —| —| —| —|

450

To transfer data from the TPnCCRa register to the CCRa buffer register, the TPNnCCR1 register must be
written.

To change both the cycle and active level of the PWM waveform at this time, first set the cycle to the
TPnCCRO register and then set the active level to the TPNCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TPNnCCRO register, and then write
the same value (same as the value of the TPnCCR1 register already set) to the TPNnCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TPnCCR1 register has
to be set.

After data is written to the TPnCCR1 register, the value written to the TPNnCCRa register is transferred to
the CCRa buffer register in synchronization with clearing of the 16-bit counter, and is used as the value
compared with the 16-bit counter.

To write the TPNnCCRO or TPnCCR1 register again after writing the TPnCCR1 register once, do so after the
INTTPnCCO signal is generated. Otherwise, the value of the CCRa buffer register may become undefined
because the timing of transferring data from the TPnCCRa register to the CCRa buffer register conflicts
with writing the TPnCCRa register.

Remark n=0t08
a=0,1
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TPNnCCR1 register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTPnCCO and INTTPnCC1 signals are generated at the next timing after a match between the
count value of the 16-bit counter and the value of the CCRO buffer register.

Count clock | | | | | | | | | | | | | | | | | | | |
16-bit counter ~ FFFF x 0000 x ::XDoo—1X Doo OOOOX 0001 x ::XDoo—1X Doo 0000 x
§

) 3"
TPnCE bit
{ {
)] )]
TPnCCRO register Doo Doo Doo
{( {
| |
TPnCCR1 register 0000H B 0000H ) 0000H
INTTPnCCO signal

INTTPnCC1 signal

TOPN1 pin output L

Remark n=0t08

To output a 100% waveform, set a value of (set value of TPNCCRO register + 1) to the TPnCCR1 register.
If the set value of the TPNCCRO register is FFFFH, 100% output cannot be produced.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF |X 0000 ::XDoo—1X Doo 0000 X0001 x ::XDoo—1X Doo 0000 x
§

) 95
TPnCE bit

{( {(
)] )]

TPnCCRO register Doo Doo Doo
) )
)] )]

TPnCCR1 register Doo + 1 Doo + 1 Doo + 1
{( {(
)] )]

INTTPnCCO signal —| —|

INTTPnCC1 signal L

TOPN1 pin output

Remark n=0t08
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(c) Generation timing of compare match interrupt request signal (INTTPnCC1)
The timing of generation of the INTTPnCC1 signal in the PWM output mode differs from the timing of other
mode INTTPnCC1 signals; the INTTPnCC1 signal is generated when the count value of the 16-bit counter
matches the value of the TPnCCR1 register.

Count clock
16-bit counter D1-2 X D1—-1 D1 X D1+ 1 X Di+2
TPnCCRT1 register D1

TOPN1 pin output

INTTPnCC1 signal —l

Remark n=0t08

Usually, the INTTPnCC1 signal is generated in synchronization with the next counting up after the count
value of the 16-bit counter matches the value of the TPnCCR1 register.

In the PWM output mode, however, it is generated one clock earlier. This is because the timing is changed
to match the change timing of the output signal of the TOPn1 pin.
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7.6.6 Free-running timer mode (TPnMD2 to TPnMDO bits = 101)
In the free-running timer mode, 16-bit timer/event counter P starts counting when the TPnCTLO.TPnCE bit is set to

1. At this time, the TPnCCRa register can be used as a compare register or a capture register, depending on the
setting of the TPNnOPTO.TPnCCS0 and TPNOPTO.TPnCCS1 bits.

Figure 7-34. Configuration in Free-Running Timer Mode

TPnCCR1 register

(compare)

i

TPnCCRO register
(capture)

Ly

Output
controller

——=(©) TOPN1 pinNete 2

Output
controller

— (O TOPNO pinNete !

TPnCCSO0, TPnCCS1 bits
(capture/compare selection)

o

Notes 1.

Remark

Because the external event count input pin (TIPn0), capture trigger input pin (TIPn0O), and
timer output pin (TOPn0) share the same alternate-function pin, two or more functions

Internal count clock —| Count ﬁ
cae |7 Seﬁgft:‘on ] }~ 16-bit counter

TIPNO pinNete g€

(external event detector

cour;t;;&urz TPNCE bit

trigger input) Edge

detector

TPnCCRO register
(capture)

TIPn1 pintoe2 ©—~| Edge

(capture detector

trigger input)

TPnCCR1 register
(compare)

cannot be used at the same time.

Because the capture trigger input pin (TIPb1) and timer output pin (TOPb1) share the same
alternate-function pin, two or more functions cannot be used at the same time.

n=0to8
a=0,1
b=01t086,

8

INTTPnOV signal

— INTTPnCC1 signal

INTTPnCCO signal
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Compare operation

When the TPnCE bit is set to 1, 16-bit timer/event counter P starts counting, and the output signals of the TOPnO
and TOPn1 pins are inverted. When the count value of the 16-bit counter later matches the set value of the
TPnCCRa register, a compare match interrupt request signal (INTTPnCCa) is generated, and the output signal of
the TOPna pin is inverted.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it
generates an overflow interrupt request signal (INTTPnOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TPNOPTO.TPnOVF bit) is also set to 1. Confirm that the overflow flag is
set to 1 and then clear it to 0 by executing the CLR instruction via software.

The TPnCCRa register can be rewritten while the counter is operating. If it is rewritten, the new value is reflected
at that time by anytime write, and compared with the count value.

Figure 7-35. Basic Timing in Free-Running Timer Mode (Compare Function)

FFFFH
Doo Doo
. Dot Dot
16-bit counter
D10 Do D11 D11 D11/
0000H
TPnCE bit J
TPnCCRO register :X Doo Dot

INTTPnCCO signal —| —| —| —|

TOPNO pin output

TPnCCR1 register :X Do X D

INTTPnCC1 signal —| —| —| —| —|_

TOPN1 pin output

INTTPNOV signal —| —| —| —|

TPnOVF bit L

Clearedto Oby ClearedtoOby ClearedtoOby Cleared to 0 by
CLR instruction CLR instruction CLR instruction CLR instruction

Remark n=0t08
a=0,1
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¢ Capture operation

When the TPnCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIPna pin is
detected, the count value of the 16-bit counter is stored in the TPNnCCRa register, and a capture interrupt request
signal (INTTPnCCa) is generated.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it
generates an overflow interrupt request signal (INTTPnQOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TPnOPTO.TPnOVF bit) is also set to 1. Confirm that the overflow flag is
set to 1 and then clear it to 0 by executing the CLR instruction via software.

Figure 7-36. Basic Timing in Free-Running Timer Mode (Capture Function)

FFFFH
Dio
Doo / D11z' D12 Di1s /
16-bit counter Do+ Z /
Doz
Dos

0000H

TPnCE bit

TIPnO pin input

TPnCCRO register Doo Do1 Doz Dos
INTTPnCCO signal | | | i

TIPn1 pin input —l —l —l —|_
TPnCCRH1 register D1o D11 D12 D13

INTTPnCC1 signal —| —| —| —|
INTTPnOV signal —| —| —|

TPnOVF bit

ClearedtoOby Clearedto 0by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

Remark n=0t08
a=0,1
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Figure 7-37. Register Setting in Free-Running Timer Mode (1/3)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPnCKSO

TPnCTLOlO/1‘0‘O‘0‘0‘0/1‘0/1‘0/1'

Select count clockNet

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPnCTL1.TPnEEE bit = 1

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO

TPnCTL1|O‘O‘0/1‘O‘O‘1‘O‘1|

1,0, 1:
Free-running timer mode

0: Operate with count
clock selected by
TPnCKSO0 to TPnCKS2 bits
1: Count on external
event count input signal

(c) TMPn I/O control register 0 (TPnlIOCO)

TPROL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOlO \ 0\0\0\0/1\0/1\0/1\0/1|

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Setting TOPNO pin output level
before count operation

0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Setting TOPn1 pin output level
before count operation

0: Low level

1: High level
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Figure 7-37. Register Setting in Free-Running Timer Mode (2/3)

(d) TMPn I/O control register 1 (TPnlOC1)

TPnIS3  TPnIS2  TPnIST  TPnISO
0\0/1\0/1\0/1\0/1|

Select valid edge

of TIPnO pin inputN°t

TPnIOCH | 0

Select valid edge
of TIPn1 pin input

4

Note Set the valid edge selection of the unused alternate external input signals to “No edge detection”.

(e) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO

TPnIOC2|O‘0‘0‘0‘0/1‘0/1‘0‘0|

Select valid edge of
external event count
input (TIPNO pin)Nete

”

Note Set the valid edge selection of the unused alternate external input signals to “No edge detection”.

(f) TMPn option register 0 (TPnOPTO)

TPnCCS1 TPnCCSO TPnOVF
TPnOPTOlO‘0‘0/1‘0/1‘0‘0‘0‘0/1'

L Overflow flag

Specifies if TPNCCRO
register functions as
capture or compare register
0: Compare register

1: Capture register

Specifies if TPNCCR1
register functions as
capture or compare register
0: Compare register

1: Capture register

(g) TMPn counter read buffer register (TPNnCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.
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Figure 7-37. Register Setting in Free-Running Timer Mode (3/3)

(h) TMPn capture/compare registers 0 and 1 (TPnCCR0 and TPnCCR1)
These registers function as capture registers or compare registers depending on the setting of the
TPnOPTO0.TPnCCSa bit.
When the registers function as capture registers, they store the count value of the 16-bit counter when
the valid edge input to the TIPna pin is detected.
When the registers function as compare registers and when Da is set to the TPnCCRa register, the
INTTPnCCa signal is generated when the counter reaches (Da + 1), and the output signal of the
TOPnNa pin is inverted.

Remark n=0to8
a=0,1
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(1) Operation flow in free-running timer mode
(a) When using capture/compare register as compare register

Figure 7-38. Software Processing Flow in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH
Doo Doo
. Dot Dot
16-bit counter
Do Dro D11 D11 DﬂZ{
0000H
TPnCE bit

w)
8
w)
=

TPnCCRO register

INTTPnCCO signal —| —| —| —|

TOPNO pin output

TPnCCRT1 register x D1o X D
INTTPnCC1 signal —| —| —| —| —|

TOPN1 pin output

INTTPNnOV signal —| —| —| —|

TPnOVF bit

<1> Clearedto Oby Clearedto 0 by Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction

! i i

<2> <2> <2>

Remark n=0t08
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Figure 7-38. Software Processing Flow in Free-Running Timer Mode (Compare Function) (2/2)

<1> Count operation start flow

(o)

Register initial setting Initial setting of these registers
TPnCTLO register is performed before setting the
(TPnCKSO0 to TPnCKS2 bits) TPnCE bit to 1.

TPnCTLA1 register,
TPnIOCO register,
TPnIOC2 register,
TPnOPTO register,
TPnCCRO register,
TPnCCR1 register

The TPnCKSO0 to TPNCKS2 bits
TPnCE bit = 1 can be set at the same time
when counting has been started
(TPnCE bit = 1).

<2> Overflow flag clear flow

Read TPnOPTO register
(check overflow flag).

TPnOVF bit = 1

Execute instruction to clear
TPnOVF bit (CLR TPnOVF).

<3> Count operation stop flow

Counter is initialized and
TPnCE bit=0 counting is stopped by

clearing TPnCE bit to 0.
( STOP )

Remark n=0t08
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(b) When using capture/compare register as capture register

Figure 7-39. Software Processing Flow in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH
D1o
Doo 4 D”Z D12
16-bit counter Dot Z
Doz

0000H

Dos /

TPnCE bit

TIPnO pin input —| —|

TPnCCRO register 0000 Doo Do1 Doz DosX 0000

INTTPnCCO signal —| —|

TIPn1 pin input —l —l —l

TPnCCRH1 register 0000 D1o D11 D12 0000

INTTPnCC1 signal —| —| —|
INTTPNnOV signal —| —| —|

TPnOVF bit

Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction <3>

f f

<2> <2>

<1>

Remark n=0t08
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Figure 7-39. Software Processing Flow in Free-Running Timer Mode (Capture Function) (2/2)

<1> Count operation start flow

C smr )

Register initial setting Initial setting of these registers
TPnCTLO register is performed before setting the
(TPNCKSO0 to TPNCKS2 bits) TPnCE bitto 1.

TPnCTL1 register,
TPnIOCH1 register,
TPnOPTO register

The TPnCKSO0 to TPnCKS2 bits can
TPnCE bit = 1 be set at the same time when counting
has been started (TPnCE bit = 1).

<2> Overflow flag clear flow

Read TPnOPTO register
(check overflow flag).

TPnOVF bit = 1

Execute instruction to clear
TPnOVF bit (CLR TPnOVF).

<3> Count operation stop flow

Counter is initialized and
TPnCE bit=0 counting is stopped by

clearing TPnCE bit to 0.
C STOP )

Remark n=0t08
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(2) Operation timing in free-running timer mode

(a) Interval operation with compare register
When 16-bit timer/event counter P is used as an interval timer with the TPnCCRa register used as a
compare register, software processing is necessary for setting a comparison value to generate the next
interrupt request signal each time the INTTPnCCa signal has been detected.

FFFFH
D Doz
Doo10 /7 /
16-bit counter D11 Dosz‘
Do D12

Doa4
0000H b
TPnCE bit
TPnCCRO register Doo Dot X Doz X Dos X Do4 X Dos

INTTPnCCO signal _| —| —| —| —|

TOPN pin output

Interval period Interval period Interval period Interval period Interval period
(Doo + 1) (10000H + (De2 — Dot) (10000H + (10000H +
Dot — Doo) Dos — Do2) Dos — Dos)

TPnCCR1 register Do X Di X D2 X Drs XD14

INTTPnCCH signal —l —l —l —l

TOPN1 pin output

Interval period ' Interval period Interval period Interval period
(D1o+ 1) (10000H + (10000H + (10000H +
D11 - Do) D12-D11) Dis-D12)

When performing an interval operation in the free-running timer mode, two intervals can be set with one
channel.

To perform the interval operation, the value of the corresponding TPnCCRa register must be re-set in the
interrupt servicing that is executed when the INTTPnCCa signal is detected.

The set value for re-setting the TPnCCRa register can be calculated by the following expression, where
“Da” is the interval period.

Compare register default value: Da — 1

Value set to compare register second and subsequent time: Previous set value + Da

(If the calculation result is greater than FFFFH, subtract 10000H from the result and set this value to the
register.)

Remark n=0t08
a=0,1
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(b) Pulse width measurement with capture register

When pulse width measurement is performed with the TPnCCRa register used as a capture register,
software processing is necessary for reading the capture register each time the INTTPnCCa signal has

been detected and for calculating an interval.

FFFFH

16-bit counter

0000H

TPnCE bit

TIPnO pin input

TPnCCRO register

INTTPnCCO signal

TIPn1 pin input

TPnCCRH1 register

INTTPnCC1 signal

INTTPNnOV signal

TPnOVF bit

Dggm 4

D11
Do+ /

D
D12 OSZ

D Doa

0000H Doo Dot

| -

Pulse interval Pulse interval Pulse interval Pulse interval Pulse interval

(Doo) (10000H + (Do2 — Dot) (10000H + (10000H +
Dot — Doo) Dos — De2) Dos — Do3)
0000H D1o D11 D12 X Dis

Pulse interval Pulse interval Pulse interval Pulse intervd
(10000H +
D|2—Dn) D13

(D) (10000H +
D11 — D1o)

|

|

(10000H +

— D)

Clearedto 0 by Clearedto 0 by Cleared to 0 by

CLR instruction

CLR instruction

CLR instruction

464

When executing pulse width measurement in the free-running timer mode, two pulse widths can be
measured with one channel.

To measure a pulse width, the pulse width can be calculated by reading the value of the TPnCCRa register
in synchronization with the INTTPnCCa signal, and calculating the difference between the read value and
the previously read value.

Remark n=0t08

a=0,1
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(c) Processing of overflow when two capture registers are used
Care must be exercised in processing the overflow flag when two capture registers are used. First, an
example of incorrect processing is shown below.

Example of incorrect processing when two capture registers are used

FFFFH

D11
16-bit counter Df /
Doo Do1

0000H

TPnCE bit |

TIPNO pin input -| -|

TPnCCRO register Doo Do1

TIPn1 pin input _| _|

TPnCCRH1 register D1o D11

INTTPNnOV signal -| -|

TPnOVF bit

<1> <2> <3> <4>

The following problem may occur when two pulse widths are measured in the free-running timer mode.

<1> Read the TPnCCRO register (setting of the default value of the TIPnO pin input).
<2> Read the TPnCCR1 register (setting of the default value of the TIPn1 pin input).
<3> Read the TPnCCRO register.
Read the overflow flag. If the overflow flag is 1, clear it to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).
<4> Read the TPnCCR1 register.
Read the overflow flag. Because the flag is cleared in <3>, 0 is read.
Because the overflow flag is 0, the pulse width can be calculated by (D11 — D10) (incorrect).

Remark n=0t08

When two capture registers are used, and if the overflow flag is cleared to 0 by one capture register, the
other capture register may not obtain the correct pulse width.
Use software when using two capture registers. An example of how to use software is shown below.
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(1/2)

Example when two capture registers are used (using overflow interrupt)

FFFFH

D11
16-bit counter D; /
Do1

0000H

TPnCE bit J

INTTPNnOV signal

TPnOVF bit —| —|

TPnOVFO flagh®*

TIPnO pin input

TPnCCRO register Doo Dot

TPnOVF1 flagh®*

TIPn1 pin input

TPNCCR1 register Dio D11

<1> <2> <3> <4> <5> <6>

Note The TPnOVFO and TPnOVF1 flags are set on the internal RAM by software.

<1>
<2>

<3>

<4>

<5>

<6>

Read the TPnCCRO register (setting of the default value of the TIPnO pin input).

Read the TPnCCRH1 register (setting of the default value of the TIPn1 pin input).

An overflow occurs. Set the TPNnOVF0 and TPnOVF1 flags to 1 in the overflow interrupt servicing,
and clear the overflow flag to 0.

Read the TPnCCRO register.

Read the TPnOVFO flag. If the TPNOVFO flagis 1, clear it to 0.

Because the TPnOVFO flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).

Read the TPnCCR1 register.

Read the TPnOVF1 flag. If the TPnOVF1 flag is 1, clear it to 0 (the TPnOVFO flag is cleared in
<4>, and the TPnOVF1 flag remains 1).

Because the TPnOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).

Same as <3>

Remark n=0t08
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(2/2)

Note The TPnOVFO and TPnOVF1 flags are set on the internal RAM by software.

<1>
<2>
<3>

<4>

<5>

<6>

Remark n=0t08

Example when two capture registers are used (without using overflow interrupt)

FFFFH

D11
16-bit counter Df /
Dot

0000H

TPnCE bit J

INTTPNnOV signal -| -|

TPnOVF bit

TPnOVFO flagh®*® |

TIPnO pin input

TPnCCRO register Doo Dot

TPnOVF1 flagh®*

TIPn1 pin input

TPNCCR1 register Dio D11

<1> <2> <3> <4> <5> <6>

Read the TPnCCRO register (setting of the default value of the TIPnO pin input).

Read the TPnCCRH1 register (setting of the default value of the TIPn1 pin input).

An overflow occurs. Nothing is done by software.

Read the TPnCCRO register.

Read the overflow flag. If the overflow flag is 1, set only the TPnOVF1 flag to 1, and clear the
overflow flag to 0.

Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).

Read the TPnCCR1 register.

Read the overflow flag. Because the overflow flag is cleared in <4>, 0 is read.

Read the TPnOVF1 flag. If the TPNnOVF1 flag is 1, clear it to 0.

Because the TPnOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).

Same as <3>
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(d) Processing of overflow if capture trigger interval is long
If the pulse width is greater than one cycle of the 16-bit counter, care must be exercised because an
overflow may occur more than once from the first capture trigger to the next. First, an example of incorrect
processing is shown below.

Example of incorrect processing when capture trigger interval is long

FFFFH o

16-bit counter

0000H

TPnCE bit J

TIPna pin input

TPnCCRa register Dao Dai

INTTPnOV signal

TPnOVF bit

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

The following problem may occur when long pulse width is measured in the free-running timer mode.

<1> Read the TPnCCRa register (setting of the default value of the TIPna pin input).
<2> An overflow occurs. Nothing is done by software.
<3> An overflow occurs a second time. Nothing is done by software.
<4> Read the TPnCCRa register.
Read the overflow flag. If the overflow flag is 1, clear it to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dat — Dao)
(incorrect).
Actually, the pulse width must be (20000H + Da1 — Dao) because an overflow occurs twice.

Remark n=0t08,a=0,1
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If an overflow occurs twice or more when the capture trigger interval is long, the correct pulse width may
not be obtained.

If the capture trigger interval is long, slow the count clock to lengthen one cycle of the 16-bit counter, or
use software. An example of how to use software is shown next.
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Example when capture trigger interval is long

FFFFH o

16-bit counter

0000H

TPnCE bit J
TIPna pin input |
D

TPnCCRa register Dao at
INTTPnOV signal -| -|
TPnOVF bit —| —|
Overflow OH X 1H XZH X oH
counter°te

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

Note The overflow counter is set arbitrarily by software on the internal RAM.

<1> Read the TPnCCRa register (setting of the default value of the TIPna pin input).
<2> An overflow occurs. Increment the overflow counter and clear the overflow flag to 0 in the overflow
interrupt servicing.
<3> An overflow occurs a second time. Increment (+1) the overflow counter and clear the overflow flag
to 0 in the overflow interrupt servicing.
<4> Read the TPnCCRa register.
Read the overflow counter.
— When the overflow counter is “N”, the pulse width can be calculated by (N x 10000H + Dat1 —
Dao).
In this example, the pulse width is (20000H + Dat — Dao) because an overflow occurs twice.
Clear the overflow counter (OH).

Remark n=01t08
a=0,1
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(e) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TPnOVF bit to 0 with the CLR instruction after
reading the TPnOVF bit when it is 1 and by writing 8-bit data (bit 0 is 0) to the TPnOPTO register after
reading the TPnOVF bit when it is 1.

(3) Note on capture operation
When the capture operation is used and a slow clock is selected as the count clock, FFFFH, not 0000H, may
be captured in the TPNnCCRa register, or the capture operation may not be performed (capture interrupt does
not occur) if the capture trigger is input immediately after the TPNnCTLO.TPnCE bit is set to 1.
The same operation results during the period in which no external event counts are input while the capture
operation is used and an external event count input is used as a count clock.

))

16-bit counter -

7
/

Count clock

TPnCCRO register 0000H >< FFFFH >< 0001H

TPNCE bit | E |
TIPnO pin input | | | |
A A

Capture trigger input Capture trigger input

Remark n=0to08
a=0,1
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7.6.7 Pulse width measurement mode (TPnMD2 to TPnMDO bits = 110)

In the pulse width measurement mode, 16-bit timer/event counter P starts counting when the TPnCTLO.TPnCE bit
is set to 1. Each time the valid edge input to the TIPna pin has been detected, the count value of the 16-bit counter is
stored in the TPNCCRa register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TPnCCRa register after a capture interrupt request
signal (INTTPnCCa) occurs.

For example, in case of Figure 7-41, select either the TIPnO or TIPn1 pin as the capture trigger input pin, and
specify “No edge detected” by using the TPnlOC1 register for the unused pin.

Figure 7-40. Configuration in Pulse Width Measurement Mode

Clear
Count ]
clock | . .
selection ( F» 16-bit counter INTTPNOV signal
INTTPNCCO signal
TPnCE bit
TIPnO pin ©—{ Edge +—=INTTPnCC1 signal
(capture detector
trigger input) TPnCCRO register
(capture)
TIPn1 pin ©—~{ Edge
(capture detector
trigger input) TPnCCRH1 register
(capture)

Caution When in pulse width measurement mode, select the internal clock (set
TPnCTL1.TPnEEE bit = 0) as the count clock.

Remark n=0t08
a=0,1
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Figure 7-41. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPnCE bit

TIPna pin input K \

TPnCCRa register 0000H Do D+ D2 Ds

INTTPnCCa signal —| —| —| —|

INTTPNOV signal

Cleared to 0 by
TPnOVF bit CLR instruction

Remark n=0t08
a=0,1

When the TPnCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIPna pin is
later detected, the count value of the 16-bit counter is stored in the TPnCCRa register, the 16-bit counter is cleared to
0000H, and a capture interrupt request signal (INTTPnCCa) is generated.

The pulse width is calculated as follows.

Pulse width = Captured value x Count clock cycle
If the valid edge is not input to the TIPnm pin even when the 16-bit counter counted up to FFFFH, an overflow
interrupt request signal (INTTPnOV) is generated at the next count clock, and the counter is cleared to 0000H and
continues counting. At this time, the overflow flag (TPnOPTO.TPnOVF bit) is also set to 1. Clear the overflow flag to 0
by executing the CLR instruction via software.
If the overflow flag is set to 1, the pulse width can be calculated as follows.

Pulse width = (10000H x TPnOVF bit set (1) count + Captured value) x Count clock cycle

Remark n=0to8
a=0,1
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Figure 7-42. Register Setting in Pulse Width Measurement Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPnCKSO0
TPnCTLO | 0N ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 01 |

Select count clock

0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPAMD2 TPAMD1 TPnMDO
TPnCTL1|0‘O‘O‘O‘O‘1‘1‘O|

1,1,0:
Pulse width measurement mode

0: Operate with count
clock selected by
TPnCKSO0 to TPNnCKS2 bits

(c) TMPn I/O control register 1 (TPnlOC1)

TPnIS3  TPnIS2 TPnIS1  TPnISO

TPnIOC1|0‘O‘O‘0‘0/1‘0/1‘0/1‘0/1|

T T
Select valid edge

of TIPnO pin input

Select valid edge
of TIPn1 pin input
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Figure 7-42. Register Setting in Pulse Width Measurement Mode (2/2)

(d) TMPn option register 0 (TPnOPTO)

TPnCCS1 TPnCCSO TPnOVF
TPnOPTOlO‘O‘O‘O‘O‘O‘O‘OH'

L

Overflow flag

(e) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading the TPNCNT register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCR0 and TPnCCR1)

These registers store the count value of the 16-bit counter when the valid edge input to the TIPna pin is
detected.

Remarks 1. TMPn I/O control register 0 (TPnlOCO) and TMPn I/O control register 2 (TPnlOC2) are not
used in the pulse width measurement mode.
2.n=0to8
a=0,1
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(1) Operation flow in pulse width measurement mode

Figure 7-43. Software Processing Flow in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPnCE bit

TIPnO pin input

TPnCCRO register

0000H

Do

D

DzX 0000H

INTTPnCCO signal

<1>

<1> Count operation start flow

oD

Register initial setting
TPnCTLO register
(TPNCKSO0 to TPnCKS2 bits),
TPnCTLA1 register,
TPnIOCH1 register,
TPnOPTO register

TPnCE bit =1

<2> Count operation stop flow

TPnCE bit=0

C=

Remark n=0t08

Initial setting of these registers
is performed before setting the

TPnCE bit to 1.

The TPnCKSO0 to TPNCKS2 bits can

<2>

be set at the same time when counting

has been started (TPnCE bit = 1).

The counter is initialized and counting
is stopped by clearing the TPnCE bit to 0.
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(2) Operation timing in pulse width measurement mode

(a) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TPnOVF bit to 0 with the CLR instruction after
reading the TPnOVF bit when it is 1 and by writing 8-bit data (bit O is 0) to the TPnOPTO register after
reading the TPnOVF bit when it is 1.

(3) Notes
If a slow clock is selected as the count clock, FFFFH, not 0000H, may be captured to the TPnCCRa register, or
the capture operation may not be performed (capture interrupt does not occur) if the capture trigger is input
immediately after the TPNnCTLO.TPnCE bit has been set to 1.

FFFFH

16-bit counter = |_

0000H

Count clock

TPnCCRO register 0000H >< FFFFH >< 0002H

TPNCE bit | :
TIPnO pin input | | | |
A A

Capture trigger input Capture trigger input

Remark n=0to8
a=0,1
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7.6.8

Encoder count function (only for TMP7 and TMP8)

The encoder count function includes an encoder compare mode (see 7.6.9 Encoder compare mode (TPmMD3
to TPmMDO bits = 1000)).

)

&)

3

@

Mode TPmCCRO Register TPmCCR1 Register

Encoder compare mode Compare only Compare only

Count-up/-down control

Counting up or down by the 16-bit counter is controlled by the phase of input encoder signals (TENCmO and
TENCm1) and setting of the TPmCTL2.TPmUDS1 and TPmCTL2.TPmUDSO bits.

When the encoder count function is used, the internal count clock and external event count input (TIPmO)
cannot be used. Set the TPmCTLO.TPmCKS2 to TPmCTLO.TPmCKSO bits to 000 and the
TPmMCTL1.TPmEEE bit to 0.

Setting initial value of 16-bit counter

The initial count value set to the TPmTCW register when the TPmCTL2.TPmMECC bit = 0 is transferred to the
16-bit counter immediately after the counter starts its operation (TPmCTLO.TPmCE bit = 0 — 1), and the
counter starts the operation after it detects the valid edge of the encoder input signal (TENCmO or TENCm1).

Basic operation
The TPmCCRa register generates a compare match interrupt request signal (INTTPmCCa) when the count
value of the 16-bit counter matches the value of the CCRa buffer register.

Clear operation
The 16-bit counter is cleared when the following conditions are satisfied in the encoder compare mode.

e When the value of the 16-bit counter matches the value of the compare register (the TPmCTL2.TPmECM1
and TPmCTL2. TPmECMO bits are set)

¢ When the edge of the encoder clear input signal (TECRm) is detected and cleared (the TPmECS1 and
TPmMECSO bits are set when the TPmIOC3.TPmSCE bit = 0)

e When the clear level condition of the TENCmO, TENCm1, and TECRm pins is detected (the TPmZCL,
TPmBCL, and TPmACL bits are set when the TPmSCE bit = 1)

Remark m=7,8
a=0,1
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(5) Controlling bits of TPmCTL2 register
The setting of the TPMCTL2 register in the encoder compare mode is shown below.

Table 7-7. Setting of TPmCTL2 Register

Mode TPmMUDSH1, TPmECM1 Bit | TPmECMO Bit TPmLDE Bit Counter Clear Transfer to
TPmUDSO Bits (<2>) (<2>) (<3>) (Target Compare Counter
(<1>) Register)
Encoder compare Can be set to 00, 0 0 0 - -
mode 01, 10, or 11. 1 Possible
1 0 TPmCCRO -
1 Possible™*
1 0 Invalid TPmMCCR1 -
1 Invalid TPmCCRO, -
TPmCCR1

Note The counter can operate in a range from 0000H to the set value of the TPmCCRO register.
Remark m=7,8

(a) Outline of each bit

<1> The TPmUDS1 and TPmUDSO bits identify the counting direction (up or down) of the 16-bit counter
by the phase input from the encoder input pin (TENCmO or TENCm1).

<2> The TPmECM1 and TPmECMO bits control clearing of the 16-bit counter when its count value
matches the value of the CCRO or CCR1 buffer register.

<3> The TPmLDE bit controls a function to transfer the set value of the TPmCCRO register to the 16-bit
counter when the counter underflows. The TPmLDE bit is valid only when the TPmECM1 and
TPmMECMO bits are 00 or 01. It is invalid when these bits are set to any other value.
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(b) Detailed explanation of each bit
<1> TPmUDS1 and TPmUDSO bits: Count-up/-down selection
Whether the 16-bit counter is counting up or down is identified by the phase input from the TENCmO
or TENCm1 pin and depending on the setting of the TPmUDS1 and TPmUDSO bits. These bits are
valid only in the encoder compare mode.

e When TPmUDS1 and TPmUDSO bits = 00

TENCmMO Pin TENCm1 Pin Count Operation

Rising edge High level Count down

Falling edge

Both edges

Rising edge Low level Count up

Falling edge

Both edges

Remark Detecting the edge of the TENCmO pin is specified by the TPmIOC3.TPmEIS1 and
TPmMEISO bits.

Figure 7-44. Operation Example (When Valid Edge of TENCmO Pin Is Specified to Be Rising Edge
and No Edge Is Specified as Valid Edge of TENCm1 Pin)

TENCmO

TENCm1 J

16-bit counter 0007H |\ 0006H X 0005H X 0004H |X 0005H|X 0006H X 0007H

| | |
\ \ \
Count down Count up

Remark m=7,8
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e When TPmUDS1 and TPmUDSO bits = 01

TENCmMO Pin TENCm1 Pin Count Operation
Low level Rising edge Count down
Falling edge
Both edges
High level Rising edge
Falling edge
Both edges
Rising edge High level Count up
Falling edge
Both edges
Rising edge Low level
Falling edge
Both edges
Simultaneous input to TENCmO and TENCm1 pins Counter does not perform count
operation but holds value immediately
before.

Remark Detecting the edge of the TENCmO pin is specified by the TPmIOC3.TPmEIS1 and
TPmIOC3.TPmEISO bits.

Figure 7-45. Operation Example (When Rising Edge Is Specified as Valid Edge of TENCmO0 and TENCm1 Pins)

TENCmO

TENCm1

16-bit counter 0006H |X 0007H OOPBH 0007H|X 0006H |\ 0005H

| | | |
\ \
Count up Value held Count down

Remark m=7,8
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e When TPmUDS1 and TPmUDSO bits = 10

TENCmO Pin TENCm1 Pin Count Operation

Low level Falling edge Counter does not perform count
operation but holds value immediately
before.

Rising edge Low level Count down

High level Rising edge Counter does not perform count

Falling edge High level operation but holds value immediately

Rising edge before.

High level Falling edge

Falling edge Low level Count up

Low level Rising edge Counter does not perform count

Rising edge operation but holds value immediately

Falling edge before.

Rising edge Falling edge Count down

Falling edge Count up

Caution Specification of the valid edge of the TENCmO and TENCm1 pins is invalid.

Figure 7-46. Operation Example (Count Operation When Valid Edges of TENCmO and TENCm1 Pins do not Overlap)

TENCmO ]

TENCm1 |_

16-bit counter 0007H |X 0006H |X0005HK0006HA005HAO006HX0005HK O006H |X 0007H

\ | | | | | |
\ \ \ \ \

Count down Count Count Count Count Count up
up down up down

Remark m=7,8

Figure 7-47. Operation Example (Count Operation When Valid Edges of TENCmO0 and TENCm1 Pins Overlap)

TENCmO \
TENCm1 |_ |_ ‘ J
16-bit counter 0007H 0006H 005HK 0006H X 0007H
| | = |
Count down Value held Count Count up
down

Remark m=7,8

User's Manual U19201EJ3VOUD 481



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

e When TPmUDS1 and TPmUDSO bits = 11

TENCmO Pin TENCm1 Pin Count Operation

Low level Falling edge Count down

Rising edge Low level

High level Rising edge

Falling edge High level

Rising edge Count up

High level Falling edge

Falling edge Low level

Low level Rising edge

Simultaneous input to TENCmO and TENCm1 pins Counter does not perform count
operation but holds value immediately
before.

Caution Specification of the valid edge of the TENCmO0 and TENCm1 pins is invalid.

Figure 7-48. Operation Example (Count Operation When Valid Edges of TENCmO0 and TENCm1 Pins do not Overlap)

TENCmO

TENCm1

16-bit counter 0003HA0004HA0005H

0006HA0007HAO008HA0009H 000AH XOOOQHXOOOBHx0007Hx0006Hx0005Hx

Count up Count down

Remark m=7,8

Figure 7-49. Operation Example (Count Operation When Valid Edges of TENCmO and TENCm1 Pins Overlap)

TENCmO
TENCm1 |
16-bit counter xOOOGHxOOMHx 0005H (0iHR0007H 0008H x0007Hx0006Hx 0005H 006K
| 1 1 =]
Count up Value Count up Count down Value Count
held held up

Remark m=7,8
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<2> TPmECM1 and TPmECMO bits: Timer/counter clear function upon match of the compare register
The 16-bit counter performs its count operation in accordance with the set value of the TPmECM1
and TPmECMO bits when the count value of the counter matches the value of the CCRa buffer
register.

¢ When TPmECM1 and TPmECMO bits = 00

The 16-bit counter is not cleared when its count value matches the value of the CCRa buffer
register.

e When TPmECM1 and TPmECMO bits = 01
The 16-bit counter performs a count operation under the following condition when its count value
matches the value of the CCRO buffer register.

Next Count Description
Operation

Count up 16-bit counter is cleared to 0000H.

Count down Count value of 16-bit counter is counted down.

e When TPmECM1 and TPmECMO bits = 10
The 16-bit counter performs a count operation under the following condition when its count value
matches the value of the CCR1 buffer register.

Next Count Description
Operation
Count up Count value of 16-bit counter is counted up.
Count down 16-bit counter is cleared to 0000H.

e When TPmECM1 and TPmECMO bits = 11
The 16-bit counter performs a count operation under the following condition when its count value
matches the value of the CCRO buffer register.

Next Count Description
Operation

Count up 16-bit counter is cleared to 0000H.

Count down Count value of 16-bit counter is counted down.

The 16-bit counter performs a count operation under the following condition when its count value
matches the value of the CCR1 buffer register.

Next Count Description
Operation
Count up Count value of 16-bit counter is counted up.
Count down 16-bit counter is cleared to 0000H.
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<3> TPmLDE bit: Transfer function of the set value of the TPmCCRO register to the 16-bit counter when
the counter underflows
When the TPmLDE bit = 1, the set value of the TPmCCRO register can be transferred to the 16-bit
counter when the counter underflows.
The TPMLDE bit is valid only in the encoder compare mode.

e Count operation in range from 0000H to set value of the TPmCCRO register
If the 16-bit counter performs a count operation when the TPmLDE bit = 1 and TPmECM1 and
TPmMECMO bits = 01, and when the count value of the counter matches the set value of the CCRO
buffer register when the TPmECMO bit = 1, the 16-bit counter is cleared to 0000H if the next count
operation is counting up.
If the 16-bit counter underflows when the TPmLDE bit = 1, the set value of the TPmCCRO register
is transferred to the counter.
Therefore, the counter can operate in a range from 0000H to the set value of the TPmCCRO
register in which the upper-limit count value is the set value of the TPmCCRO register and the
lower-limit value is 0000H.

Figure 7-50. Operation Example (Count Operation in Range from 0000H to Set Value of TPmCCRO Register)

Count value of 16-bit counter Set value of TPmCCRO register
matches value of CCRO buffer register. is transferred to 16-bit counter.

Set value of TPmCCRO register (N)

16-bit counter

0000H
16-bit counter is 16-bit counter
cleared to 0000H. underflows.
Count up ‘ Count down

Remark m=7,8
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Figure 7-51. Operation Timing (Count Operation in Range from 0000H to Set Value of TPmCCRO Register)

Peripheralclockl|||||||||||||||||||||||||||||
Count
timing signal

UL
[

H= i
TPMESF bit down counting

X 0001H X

X 0002H 0000H X

TPmCNT register

TPmMCCRO register N

INTTPmMCCO signal

TPMEOF bit |

TPmMEUF bit

INTTPMOV signal

Remarks 1. TPmESF bit: Bit 0 of TMPm option register 1 (TPmOPT1)
TPmEOF bit: Bit 1 of TMPm option register 1 (TPmOPT1)
TPmEUF bit: Bit 2 of TMPm option register 1 (TPmMOPT1)

2. m=7,8
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(6) Clearing counter to 0000H by encoder clear signal (TECRm pin)
The 16-bit counter can be cleared to 0000H by the input signal of the TECRm pin in two ways which are
selected by the TPmMIOC3.TPmSCE bit. The TPmSCE bit also controls, depending its setting, the
TPmIOC3.TPmZCL, TPmIOC3.TPmBCL, TPmIOC3.TPmACL, TPmIOC3.TPmESC1, and
TPmIOC3.TPMECSO bits.
The counter can be cleared by the methods described below only in the encoder compare mode.

Table 7-8. Relationship Between TPmSCE Bit and TPmZCL, TPmBCL, TPmACL, TPmECS1, and TPmECSO0 Bits

Clearing Method TPmSCE Bit TPmZCL Bit TPmBCL Bit TPmACL Bit TPmECS1, TPmECSO Bits
<1> 0 Invalid Invalid Invalid Valid
<2> 1 Valid Valid Valid Invalid

(a) Clearing method <1>: By detecting edge of encoder clear signal (TECRm pin) (TPmSCE bit = 0)
When the TPmMSCE bit = 0, the 16-bit counter is cleared to 0000H in synchronization with the peripheral
clock if the valid edge of the TECRm pin specified by the TPmECS1 and TPmECSO bits is detected. At
this time, an encoder clear interrupt request signal (INTTIECm) is generated. When the TPmSCE bit = 0,
setting of the TPmZCL, TPmBCL, and TPmACL bits is invalid.

Figure 7-52. Operation Example (When TPmSCE Bit = 0, TPmECS1 and TPmECSO Bits = 01, and TPmUDS1
and TPmUDSO Bits = 11)

Encoder input
(TENCmO pin input)

Encoder input
(TENCm1 pin input)

Encoder clear input
(TECRm pin input)

TPmMCNT register N X N +1 4 0000H X 0001H X 0002H X
Count | | | | | |
timing signal
INTTIECm —l

Counter clear

Remark m=7,8
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(b) Clearing method <2>: By detecting clear level condition of the TENCmO0, TENCm1, and TECRm pins
(TPmSCE bit = 1)
When the TPmSCE bit = 1, the 16-bit counter is cleared to 0000H if the clear level condition of the TECRm,
TENCmO, or TENCm1 pin specified by the TPmZCL, TPmBCL, and TPmACL bits is detected. At this time,
the encoder clear interrupt request signal (INTTIECm) is not generated. Setting of the TPmECS1 and
TPmMECSO bits is invalid when the TPmSCE bit = 1.

Table 7-9. 16-bit Counter Clearing Condition When TPmSCE Bit = 1

Clear Level Condition Setting Input Level of Encoder Pin
TPmZCL Bit TPmBCL Bit TPmACL Bit TECRm Pin TENCm1 Pin TENCmMO Pin
0 0 0 L L L
0 0 1 L L H
0 1 0 L H L
0 1 1 L H H
1 0 0 H L L
1 0 1 H L H
1 1 0 H H L
1 1 1 H H H

Caution The 16-bit counter is cleared to 0000H when the clear level condition of the TPmZCL, TPmBCL, and
TPmMACL bits match the input level of the TECRm, TENCm1, or TENCmO pin.

Remark m=7,8
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Figure 7-53. Operation Example (When TPmSCE Bit = 1,TPmZCL Bit = 1, TPmBCL Bit = 0, TPmACL Bit =1,
TPmUDS1 and TPmUDSO Bits = 11, TECRm = High Level, TENCm1 = Low Level, and TENCmO = High Level) (1/3)

(i) If inputting the high level to the TECRm pin lags behind inputting the low level to the TENCm1 pin
while the counter is counting up, the counter is cleared after it counts up.

Encoder input
(TENCmO pin input)

Encoder input > L
(TENCm1 pin input)

Encoder clear input
(TECRm pin input)

Peripheral clock

¥ ”“‘> |
X

TPmMCNT register N N+1 0000H
Count timing ‘
signal
TPmCCRO register N + 1 (when TPmCCRO register is setto N + 1)
INTTPmMCCO signal Compare match interrupt request signal is not generated.
TPmMCCR1 register 0000H (when TPmCCR1 register is set to 0000H)
INTTPMCC1 signal —‘

TPmMCCRO register N (when TPmCCRO register is set to N)

INTTPmMCCO signal

Remark m=7,8
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Figure 7-53. Operation Example (When TPmSCE Bit = 1, TPmZCL Bit = 1, TPmBCL Bit = 0, TPmACL Bit =1,
TPmUDS1 and TPmUDSO Bits = 11, TECRm = High Level, TENCm1 = Low Level, and TENCmO = High Level) (2/3)

(i) If the high level is input to the TECRm pin at the same time as the low level is input to the TECNm1
pin while the counter is counting up, the counter is cleared without counting up.

Encoder input H |
(TENCmO pin input)

Encoder input L
(TENCm1 pin input)

Encoder clear input
(TECRm pin input)

Peripheral clock

Fa)

Clear signal 43/ \> |
N X 0000H X

Count

timing signal

(i) If the high level is input to the TECRm pin earlier than the low level is input to the TENCm1 pin while
the counter is counting up, the counter is cleared without counting up.

Encoder input H |
(TENCmO pin input)

Encoder input L
(TENCm1 pin input)

TPmMCNT register

Encoder clear input
(TECRm pin input)

Peripheral clock

Clear signal ﬁ)/ v> |
N X 0000H X

TPmMCNT register

Count
timing signal

E

Remark m=7,8
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Figure 7-53. Operation Example (When TPmSCE Bit = 1,TPmZCL Bit = 1, TPmBCL Bit = 0, TPmACL Bit =1,
TPmUDS1 and TPmUDSO Bits = 11, TECRm = High Level, TENCm1 = Low Level, and TENCmO = High Level) (3/3)

(iv) If the high level is input to the TECRm pin later than the low level is input to the TENCm1 pin while
the counter is counting up, the counter is cleared after it counts up.

Encoder input H
(TENCmO pin input)

Encoder input
(TENCm1 pin input)

Encoder clear input

(TECRm pin input) H
Peripheral clock

% |
f

TPmMCNT register N N-1 0000H
Count
timing signal
TPmCCRO register N —1 (when TPmCCRO register is setto N — 1)
INTTPmMCCO signal Compare match interrupt request signal is not generated.
TPmMCCR register 0000H (when TPmCCR1 register is set to 0000H)

INTTPmMCCH1 signal

TPmCCRO register N (when TPmCCRO register is set to N)

INTTPmCCO signal

Remark m=7,8

If the counter is cleared in this way, a miscount does not occur even if inputting the signal to the TECRm
pin is late, because the clear level condition of the TECRm, TENCm1, and TENCmO pins is set and the 16-
bit counter is cleared to 0000H when the clear level condition is detected.
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7.6.9 Encoder compare mode (TPmMD3 to TPmMDO bits = 1000)

In the encoder compare mode, the encoder is controlled by using both the TPmCCRO0 and TPmCCR1 registers as
compare registers and the input pins for encoder count function (TENCmO, TENCm1, and TECRm).

In this mode, the 16-bit counter can be cleared to 0000H in three ways: when the count value of the counter
matches the value of the CCRa buffer register (compare match interrupt request signal (INTTPmCCa) is generated),
when the edge of the encoder clear input (TECRm pin) is detected and cleared, and when the clear level condition of
TENCmO, TENCm1, and TECRm pins is detected and cleared.

When the 16-bit counter underflows, the set value of the TPmCCRO register can be transferred to the counter.

(1) Encoder compare mode operation flow

Figure 7-54. Encoder Compare Mode Operation Flow

o )

Register initial setting
TPmCTL1 register
(TPmMD3 to TPmMDO bits),
TPmCTL2 register
(TPmLDE, TPmECM1, TPmECMO,
TPmUDS1, TPmUDSO bits),
TPmIOCS3 register
(TPmSCE, TPmZCL, TPmACL,
TPmBCL, TPmECS1, TPmECSO,
TPmEIS1, TPmMEISO bits),
TPmCCRO, TPmCCR1 registers,
TPmMTCW register

TPmCE bit = 1

Encoder compare mode operation processing : See Figure 7-55 Encoder Compare Mode Operation Processing.

Operation end?

TPmCE bit =0

o

Remark m=7,8

User's Manual U19201EJ3VOUD 491



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

Figure 7-55. Encoder Compare Mode Operation Processing

Remark m=7,8

Valid edge of TENCmO,
TENCm1 detected?

Count down

Which count operation?

Count up

TPMECMO = 1?
(TPMCTL2)

Count value matches
CCR1 register value?

Count value matches
CCRO register value?

16-bit counter cleared
and started.
INTTPmCC1 signal generated.

16-bit counter cleared
and started.
INTTPmCCO signal generated.

TPmLDE = 1?
(TPmMCTL2)

TPmCCRO set value
transferred to 16-bit counter.
INTTPmCCO signal generated.

No

TPmMSCE =17
(TPMIOC3)

Clear level condition o
TENCmO, TENCm1, and TECRm
pins detected?

TECRm edge detected?

16-bit counter cleared

16-bit counter cleared and started.

and started.

INTTIECm signal generated.

!

No

®
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(2) Encoder compare mode operation timing

(a) Basic timing 1

[Register setting conditions]

e TPMCTL2.TPmECM1 and TPmCTL2.TPmECMO bits = 01
The 16-bit counter is cleared to 0000H when its count value matches the value of the CCRO buffer
register.

e TPMCTL2.TPmLDE bit =1
The set value of the TPmCCRO register is transferred to the 16-bit counter when it overflows.

e TPmMIOC3.TPMSCE bit = 0, and TPmIOC3.TPmECS1 and TPmIOC3.TPmMECSO bits = 00
Specification of the edge of encoder clear input signal (TECRm pin) to be detected and cleared (no edge
specified)

FFFFH

TPmMCNT regist \
m register CMoo CMoo CMr2
\ \CMoz
/ \.CMoz CMos

Clear Transfer

0000H CMy, Clear /Clear

TPmCCRO register Cl\‘/loo CMo1 ) CN

N
(@]
=
AR R~

olls1 |

[
1
I I

CCRO buffer register CMoo X CMot X Moz CMos

INTTPmMCCO signal _| _| —l —I_ —l —l

TPmCCRHT register CM1o X CMi1 X CM12
|
\
!

1
CCRH1 buffer register CM CM11 X CMi2

INTTPmMCCH1 signal —| —|

TPmMESF bit

INTTPmMOV signal

TPmEOF bit |

TPmEUF bit

Remark m=7,8
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494

When the 16-bit counter starts operating (TPmCE bit = 0 — 1), the set value of the TPmTCW register is
transferred to the counter and the 16-bit counter starts operating.

When the count value of the counter matches the value of the CCRO buffer register, the compare match
interrupt request signal (INTTPmMCCO) is generated. Because the TPmECMO bit = 1, the 16-bit counter is
cleared to 0000H if the next count operation is counting up.

When the count value of the 16-bit counter matches the value of the CCR1 buffer register, the compare
match interrupt request signal (INTTPmMCC1) is generated. Because the TPmECM1 bit = 0, the 16-bit
counter is not cleared to 0000H when its value matches that of the CCR1 buffer register.

When the TPmLDE bit = 1 and TPmECMO bit = 1, the counter can operate in a range from 0000H to the
set value of the TPmCCRO register.
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(b) Basic timing 2

[Register setting condition]

e TPMCTL2.TPmECM1 and TPmCTL2.TPmECMO bits = 00
The 16-bit counter is not cleared even when its count value matches the value of the CCRa buffer
register (a =0, 1).

e TPmMCTL2.TPmMLDE bit=0
The set value of the TPmCCRO register is not transferred to the 16-bit counter after the counter
underflows.

e TPmIOC3.TPmSCE bit = 0, and TPmIOC3.TPmECS1 and TPmIOC3.TPmECSO0 bits = 00
Specification of the edge of the encoder clear input signal (TECRm pin) to be detected and cleared (no
edge specified)

Underflow Overflow

v

TPmMCNT register CM1z

FFFFH

CMo1 CMo1

[@)
5
N
7
5

CMi1
0000H

TPmCCRO register C\/|‘00 C Mo‘1 X CMoz
|
C

I
CCRO buffer register CMoo X Mot ) CMo2

INTTPmMCCO signal —| —| —| —| —| —|

TPmMCCR1 register CMio CMi1 X CMi2

1
CCR1 buffer register CM1o X CMi1 X CM12

INTTPmCC1 signal —l —l —l

TPmESF bit

INTTPMOV signal —| —|

TPmMEOF bit

TPmEUF bit

Remark m=7,8
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496

When the 16-bit counter starts operating (TPmCE bit = 0 — 1), the set value of the TPmTCW register is
transferred to the 16-bit counter and the counter starts operating.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, a compare
match interrupt request signal (INTTPmCCO) is generated.

When the count value of the 16-bit counter matches the value of the CCR1 buffer register, a compare
match interrupt request signal (INTTPmCCH1) is generated.

The 16-bit counter is not cleared to 0000H even when its count value matches the value of the CCRa
buffer register because the TPmECM1 and TPmECMO bits =00 (a =0, 1).
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(c) Basic timing 3

[Register setting condition]
e TPmCTL2.TPmECM1 and TPmCTL2.TPmECMO bits = 11

The count value of the 16-bit counter is cleared to 0000H when its value matches the value of the CCRO

buffer register.

The count value of the 16-bit counter is cleared to 0000H when its value matches the value of the CCR1

buffer register.
e Setting of the TPmMCTL2.TPmLDE bit is invalid.
e TPmIOC3.TPmSCE bit = 0, and TPmIOC3.TPmECS1 and TPmIOC3.TPmECSO0 bits = 00

Specification of the edge of the encoder clear input signal (TECRm pin) to be detected and cleared (no

edge specified)
Underflow Underflow Overflow  Underflow
FFFFH
\CMm CMo1
CMoz
TPmMCNT register CMoo oM\ |
CMmA(le;r Clear Clear
/ CM12
CM12
A
0000H Clear|
TPmCCRO register CIQ/Im X éMoz
| |
I I
I I
CCRO buffer register CMoo X CMot X CMoz
INTTPmCCO signal _| _| _|

TPmCCR1 register

CCR1 buffer register

INTTPmCC1 signal

TPmMESF bit

INTTPmMOV signal

TPmMEOF bit

TPmEUF bit

Remark m=7,8

CM12

C‘,Mm
\
[

CM1

CM11

[
CM12
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498

When the 16-bit counter starts operating (TPmCE bit = 0 — 1), the set value of the TPmTCW register is
transferred to the 16-bit counter and the counter starts operating.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, a compare
match interrupt request signal (INTTPmCCO) is generated. At this time, the 16-bit counter is cleared to
0000H if the next count operation is counting up.

When the count value of the 16-bit counter matches the value of the CCR1 buffer register, a compare
match interrupt request signal (INTTPmCC1) is generated. At this time, the 16-bit counter is cleared to
0000H if the next count operation is counting down.
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7.7 Selector Function

In the V850E/SJ3-H and V850E/SK3-H, the TIP input or RXDA input and the TIQ input or TSOUT signal™* can be
selected as the capture trigger input of TMP and TMQ, respectively.
By using this function, the following is possible.

e The TIQ02 and TIQO3 input signals of TMQO can be selected from the port/timer alternate-function pins (TIQ02
and TIQO3 pins) and the TSOUT signal™™ of the CAN controller.
— If the TSOUT signal of CANO or CAN1 is selected, the time stamp function of the CAN controller can be used.
e The TIP10 and TIP11 input signals of TMP1 can be selected from the port/timer alternate-function pins (TIP10
and TIP11 pins) and the UARTA reception alternate-function pins (RXDAO and RXDA1). The TIP31 input signal
of TMP3 can be selected from a port/timer alternate-function pin (TIP31 pin) and the UARTA reception alternate-
function pin (RXDAS3).
— When the RXDAO, RXDA1, or RXDA3 signal of UARTO, UART1, or UARTS3 is selected, the LIN reception
transfer rate and baud rate error of UARTA can be calculated.

Cautions 1. When using the selector function, set the capture trigger input of TMP or TMQ before
connecting the timer.
2. When setting the selector function, first disable the peripheral I/O to be connected
(TMP/UARTA or TMQ/CAN controller").

Note CAN controller versions only

The capture trigger input for the selector function is specified by the following register.
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(1) Selector operation control register 0 (SELCNTO)
The SELCNTO register is an 8-bit register that selects the capture trigger for TMP1, TMP3, and TMQO.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 0OH R/W Address: FFFFF308H

<6> 5 <4> <3> 2 <1> <0>
SELCNTO | o [ isEL6 | 0 | ISEL4 | ISEL3 | 0  [ISEL1"w![ISELQMwZ]
ISEL6 Selection of TIP31 input signal (TMP3)

0 TIP31 pin input (alternate function of P94 pin)

1 RXDAS3 pin input (alternate function of P80 pin)

ISEL4 Selection of TIP11 input signal (TMP1)

0 TIP11 pin input (alternate function of P35 pin)

1 RXDA1 pin input/KR3 pin input (alternate function of P91 or P150N*¢ 3 pin)

ISEL3 Selection of TIP10 input signal (TMP1)

0 TIP10 pin input (alternate function of P34 pin)

1 RXDAO pin input (alternate function of P31 pin)

ISEL1Nete! Selection of TIQ03 input signal (TMQO)
0 TIQO3 pin input/KR2 pin input (alternate function of P52 or P65 pin)
1 TSOUT signal of CAN1

ISELQNete2 Selection of TIQ02 input signal (TMQO)

0 TIQO2 pin input (alternate function of P51 pin)
1 TSOUT signal of CANO

Notes 1. The ISEL1 bit is available only in the CAN controller (2-channel) version.
In other cases, be sure to clear this bit to 0.
2. The ISELO bit is valid only for the CAN controller version.
In other cases, be sure to clear this bit to 0.
3. P150/RXDA1/KRY7 is available only in the V850E/SK3-H.

Caution To set the ISELO, ISEL1, ISEL3, ISEL4, and ISEL6 bits to 1, set the
corresponding pin in the capture trigger input mode.
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7.8 Cautions

(1) DMA transfer start factors
In the VB50E/SJ3-H and V850E/SK3-H, the DMA transfer start factors INTTPOQV signal and INTUBOTIT signal,
INTTP10OV signal and INTUB1TIR signal, and INTTP20V signal and INTUB1TIT signal are used alternately
and cannot be used simultaneously. To use the INTTPOOV, INTTP10V, or INTTP2QV signal as DMA transfer
start factors, set the DTFROBO bit in the option byte area 0000007AH to 0 (see CHAPTER 33 OPTION BYTE
FUNCTION). In this case, the INTUBOTIT, INTUB1TIR, and INTUB1TIT signals cannot be used as a DMA

transfer start factor.

Remark For details, see Table 22-1 DMA Transfer Start Factors.

Users Manual U19201EJ3VOUD 501



CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Timer Q (TMQ) is a 16-bit timer/event counter.
The V850E/SJ3-H and V850E/SK3-H incorporate TMQO.

8.1 Overview
An outline of TMQO is shown below.

¢ Clock selection: 8 ways

o Capture/trigger input pins: 4

e External event count input pin: 1

e External trigger input pin: 1

e Timer/counter: 1

o Capture/compare registers: 4

o Capture/compare match interrupt request signals: 4
¢ Overflow interrupt request signal: 1

e Timer output pins: 4

8.2 Functions
TMQO has the following functions.

e Interval timer

e External event counter

o External trigger pulse output
¢ One-shot pulse output

e PWM output

e Free-running timer

¢ Pulse width measurement
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8.3 Configuration

TMQO includes the following hardware.

Table 8-1. Configuration of TMQO

ltem

Configuration

Timer register

16-bit counter

Registers TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
TMQO counter read buffer register (TQOCNT)
CCRO to CCR3 buffer registers

Timer inputs 4 (TIQ00™"* " to TIQO3 pins)

Timer outputs

4 (TOQOO to TOQO3 pins)

Control registers

Note 2

TMQO control registers 0, 1 (TQOCTLO, TQOCTL1)
TMQO I/O control registers 0 to 2 (TQOIOCO to TQOIOC2)
TMQO option register 0 (TQOOPTO)

Notes 1. The TIQO0O0 pin functions alternately as a capture trigger input signal, external event count
input signal, and external trigger input signal.

2. When using the functions of the TIQ00 to TIQ03 and TOQO00 to TOQOS3 pins, refer to Table 4-25

Using Port Pin as Alternate-Function Pin.
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Figure 8-1. Block Diagram of TMQO

S Internal bus S
P TQOCNT
fxel2 —— ﬁ
fxp/4d  —— 5
fxe/8 g - 16-bit counter INTTQOOV
fxe/16 — 5 k3]
ho/d2 | & 2 Y I Clear
fxp/64 — €N {} Ry g OTOQ00
fxp/128 —= Ry 52QT0Q01
CCRO ﬁ AN Y £5r0QToQo2
buffer X © sHOTOQ03
register CCR1 °
ﬁ buffer Ly
o o Leegeer | | ecre ooy
L. buffer —
TIQo0 5 TQOCCRO ﬁ \/ | register CCR3 —>—INTTQOCC2
| B AN . buffer T INTTQOCC3
Q0108 TQOCCR1 IR rogister
| T AN
TIQ020 8 TQOCCR2 o4
TIQU3Q)+f & I TQOCCR3
AN
A\V4 AV4 AV4 A\V4
S Internal bus S
Remark fxr: Peripheral clock frequency (prescaler 1 input clock frequency).
In clock mode 1, fxp = fxx
In clock mode 2, fxp = fxwpLL/2 (14.64 to 16 MHz)
In clock mode 3, fxp = fxvprLL (29.28 to 32 MHz)
In clock mode 4, fxp = fxmrLL/2 (20.88 to 24 MHz)
fxx: Main clock frequency

fxmpLL: PLL output clock frequency for peripheral clocks

(1) 16-bit counter
This 16-bit counter can count internal clocks or external events.

The count value of this counter can be read by using the TQOCNT register.

When the TQOCTLO.TQOCE bit = 0, the value of the 16-bit counter is FFFFH. If the TQOCNT register is read at
this time, 0000H is read.
Reset sets the TQOCE bit to 0.

(2) CCRO buffer register
This is a 16-bit compare register that compares the count value of the 16-bit counter.
When the TQOCCRO register is used as a compare register, the value written to the TQOCCRO register is
transferred to the CCRO buffer register. When the count value of the 16-bit counter matches the value of the
CCRO buffer register, a compare match interrupt request signal (INTTQOCCO) is generated.
The CCRO buffer register cannot be read or written directly.
The CCRO buffer register is cleared to 0000H after reset, as the TQOCCRO register is cleared to 0000H.

504
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@)

()

®)

(6)

@

®)

CCR1 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TQOCCR1 register is used as a compare register, the value written to the TQOCCR1 register is
transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches the value of the
CCR1 buffer register, a compare match interrupt request signal (INTTQOCCH1) is generated.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is cleared to 0000H after reset, as the TQOCCR1 register is cleared to 0000H.

CCR2 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TQOCCR2 register is used as a compare register, the value written to the TQOCCR2 register is
transferred to the CCR2 buffer register. When the count value of the 16-bit counter matches the value of the
CCR2 buffer register, a compare match interrupt request signal (INTTQOCC?2) is generated.

The CCR2 buffer register cannot be read or written directly.

The CCR2 buffer register is cleared to 0000H after reset, as the TQOCCR2 register is cleared to 0000H.

CCRS3 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TQOCCRS register is used as a compare register, the value written to the TQOCCRS register is
transferred to the CCR3 buffer register. When the count value of the 16-bit counter matches the value of the
CCRS3 buffer register, a compare match interrupt request signal (INTTQOCCS) is generated.

The CCR3 buffer register cannot be read or written directly.

The CCR3 buffer register is cleared to 0000H after reset, as the TQOCCRS register is cleared to 0000H.

Edge detector

This circuit detects the valid edges input to the TIQ00 and TIQO03 pins. No edge, rising edge, falling edge, or
both the rising and falling edges can be selected as the valid edge by using the TQOIOC1 and TQO0IOC2
registers.

Output controller
This circuit controls the output of the TOQO0 to TOQO3 pins. The output controller is controlled by the
TQOIOCO register.

Selector

This selector selects the count clock for the 16-bit counter. Eight types of internal clocks or an external event
can be selected as the count clock.
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8.4 Registers
The registers that control TMQO are as follows.

e TMQO control register 0 (TQOCTLO)

e TMQO control register 1 (TQOCTL1)

e TMQO I/O control register 0 (TQOIOCO0)

e TMQO I/O control register 1 (TQOIOC1)

¢ TMQO I/O control register 2 (TQOIOC2)

e TMQO option register 0 (TQOOPTO)

e TMQO capture/compare register 0 (TQOCCRO)
e TMQO capture/compare register 1 (TQOCCR1)
e TMQO capture/compare register 2 (TQOCCR2)
e TMQO capture/compare register 3 (TQOCCR3)
e TMQO counter read buffer register (TQOCNT)

Remark When using the functions of the TIQ00 to TIQ03 and TOQOO0 to TOQO3 pins, refer to Table 4-25 Using
Port Pin as Alternate-Function Pin.
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(1) TMQO control register 0 (TQOCTLO)
The TQOCTLDO register is an 8-bit register that controls the operation of TMQO.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.
The same value can always be written to the TQOCTLO register by software.

After reset: 00H R/W Address: FFFFF540H

<7> 6 5 4 3 2 1 0
TaocTlo [TaocE| o | o | o | o [T@ocks2TQockst|TQockso|
TQOCE TMQO operation control
0 TMQO operation disabled (TMQO reset asynchronouslyM°®).
1 TMQO operation enabled. TMQO operation started.
TQOCKS2 TQOCKS1| TQOCKSO Internal count clock selection
0 0 0 fxp
0 0 1 fxe/2
0 1 0 fxx/4
0 1 1 fxp/8
1 0 0 fxp/16
1 0 1 fxp/32
1 1 0 fxp/64
1 1 1 fxr/128

Note The TQOOPTO0.TQOOVF bit and 16-bit counter are reset at the same time.
In addition, the timer output pins (TOQO00 to TOQO3 pins) are reset to the status
set by the TQOIOCO register when the 16-bit counter is reset.

Cautions 1. Set the TQOCKS2 to TQOCKSO bits when the TQOCE bit = 0.
When the value of the TQOCE bit is changed from 0 to 1, the
TQOCKS2 to TQOCKSO bits can be set simultaneously.
2. Be sure to clear bits 3 to 6 to “0”.

Remark fxp: Peripheral clock frequency (prescaler 1 input clock frequency).
In clock mode 1, fxp = fxx
In clock mode 2, fxp = fxmprLL/2 (14.64 to 16 MHZz)
In clock mode 3, fxp = fxvwpLL (29.28 to 32 MHz)
In clock mode 4, fxp = fxwpLL/2 (20.88 to 24 MHz)
fxx: Main clock frequency
fxmpLL: PLL output clock frequency for peripheral clocks
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(2) TMQO control register 1 (TQOCTL1)
The TQOCTL1 register is an 8-bit register that controls the operation of TMQO.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: O0OH R/W Address: FFFFF541H

7 <6> <5> 4 3 2 1 0
TQOCTL1 | 0 |TQOEST|TQoEEE| o0 | 0 |TQomD2|TQOMD1|TQOMDO|
TQOEST Software trigger control
0 -
1 Generate a valid signal for external trigger input.

e In one-shot pulse output mode:

A one-shot pulse is output with writing 1 to the TQOEST bit as the trigger.
e In external trigger pulse output mode:

A PWM waveform is output with writing 1 to the TQOEST bit as the trigger.

The read value of TQOEST bit is always 0.

TQOEEE Count clock selection
0 Disable operation with external event count input (TIQ00 pin).
(Perform counting with the count clock selected by the TQOCTL0O.TQOCKSO
to TQOCKS2 bits.)
1 Enable operation with external event count input (TIQOO pin).
(Perform counting at the valid edge of the external event count input
signal.)

The TQOEEE bit selects whether counting is performed with the internal count clock
or the valid edge of the external event count input.

TQOMD2| TQOMD1| TQOMDO Timer mode selection
0 0 0 Interval timer mode
0 0 1 External event count mode
0 1 0 External trigger pulse output mode
0 1 1 One-shot pulse output mode
1 0 0 PWM output mode
1 0 1 Free-running timer mode
1 1 0 Pulse width measurement mode
1 1 1 Setting prohibited

Cautions 1. The TQOEST bit is valid only in the external trigger pulse output
mode or one-shot pulse output mode. In any other mode, writing 1
to this bit is ignored.

2. External event count input is selected in the external event count
mode regardless of the value of the TQOEEE bit.

3. Set the TQOEEE and TQOMD2 to TQOMDO bits when the
TQOCTLO.TQOCE bit = 0. (The same value can be written when the
TQOCE bit = 1.) The operation is not guaranteed when rewriting is
performed with the TQOCE bit = 1. If rewriting was mistakenly
performed, clear the TQOCE bit to 0 and then set the bits again.

4. Be sure to clear bits 3,4, and 7 to “0”.
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(3) TMQO I/O control register 0 (TQOIOCO)
The TQOIOCO register is an 8-bit register that controls the timer output (TOQO00 to TOQO3 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF542H
7 <6> 5 <4> 3 <2> 1 <0>
TQOIOCO | TQOOL3| TQOOE3| TQoOL2 | TQOOE2 | TQOOL1 | TQOOET | TQOOLO | TQVOED |

TQOOLm TOQOm pin output level setting (m = 0 to 3)Nete
0 TOQOm pin output starts at high level
1 TOQOm pin output starts at low level

TQOOEm TOQOm pin output setting (m = 0 to 3)

0 Timer output disabled
e When TQOOLm bit = 0: Low level is output from the TOQOm pin
e When TQOOLm bit = 1: High level is output from the TOQOm pin

1 Timer output enabled (A pulse is output from the TOQOm pin).

Note The output level of the timer output pin (TOQOm) specified by the
TQOOLm bit is shown below.

e When TQOOLm bit =0 e When TQOOLm bit = 1
16-bit counter | ) 16-bit counter I /I
TQOCE bit __ [T TQOCE bit _ [T
TOQOmM pin output _|_|_ TOQOm pin output _|_,_

Cautions 1. The pin output changes if the setting of the TQ0IOCO register
is rewritten when the port is set to output TOQOm. Therefore,
note changes in the pin status by setting the port in the input
mode and making the output status of the pins a high-
impedance state.

2. Rewrite the TQOOLm and TQOOEm bits when the
TQOCTLO.TQOCE bit = 0. (The same value can be written
when the TQOCE bit = 1.) If rewriting was mistakenly
performed, clear the TQOCE bit to 0 and then set the bits
again.

3. Even if the TQOOLm bit is manipulated when the TQOCE and
TQOOEm bits are 0, the TOQOm pin output level varies.

Remark m=0to03
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(4) TMQO I/O control register 1 (TQOIOC1)
The TQOIOCH1 register is an 8-bit register that controls the valid edge of the capture trigger input signals (TIQ00
to TIQO3 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF543H

7 6 5 4 3 2 1 0
TQOIOC1 | TQoIS7 | TQoiss | TQoiss | TQois4 | TQoiss | Taois2 | Taoist | TQISO |

TQOIS7 | TQOIS6 Capture trigger input signal (TIQO3 pin) valid edge setting

0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

TQOIS5 | TQOIS4 | Capture trigger input signal (TIQO2 pin) valid edge detection

0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

TQOIS3 | TQOIS2 Capture trigger input signal (TIQO1 pin) valid edge setting

0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

TQOIS1 | TQOISO Capture trigger input signal (TIQOO pin) valid edge setting

0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Cautions 1. Rewrite the TQOIS7 to TQOISO bits when the
TQOCTLO.TQOCE bit = 0. (The same value can be written
when the TQOCE bit = 1.) If rewriting was mistakenly
performed, clear the TQOCE bit to 0 and then set the bits
again.

2. The TQOIS7 to TQOISO bits are valid only in the free-
running timer mode (only when TQOOPT0.TQOCCSm bit =
1) and the pulse width measurement mode (m = 0 to 3). In
all other modes, a capture operation is not possible.
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(5) TMQO I/O control register 2 (TQ0IOC2)
The TQOIOC2 register is an 8-bit register that controls the valid edge of the external event count input signal
(TIQOO0 pin) and external trigger input signal (TIQOO0 pin).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W  Address:  FFFFF544H
7 6 5 4 3 2 1 0
Taooc2 [ o | o | o | o [TQOEES1TQOEESO|TQOETST|TQUETSO|

TQOEES1| TQOEESO| External event count input signal (TIQOO pin) valid edge setting

0 0 No edge detection (external event count invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

TQOETS1|TQOETS0| External trigger input signal (TIQOO pin) valid edge setting

0 0 No edge detection (external trigger invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Cautions 1. Rewrite the TQOEES1, TQOEESO, TQOETS1, and TQOETS0
bits when the TQOCTLO0.TQOCE bit = 0. (The same value
can be written when the TQOCE bit = 1.) If rewriting was
mistakenly performed, clear the TQOCE bit to 0 and then
set the bits again.

2. The TQOEES1 and TQOEESO bits are valid only when the
TQOCTL1.TQOEEE bit = 1 or when the external event
count mode (TQOCTL1.TQOMD2 to TQOCTL1.TQOMDO bits
= 001) has been set.

3. The TQOETS1 and TQOETSO bits are valid only when the
external trigger pulse output mode (TQOCTL1.TQOMD?2 to
TQOCTL1.TQOMDO bits = 010) or the one-shot pulse
output mode (TQOCTL1.TQOMD2 to TQOCTL1.TQOMDO =
011) is set.
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(6) TMQO option register 0 (TQOOPTO0)
The TQOOPTO register is an 8-bit register used to set the capture/compare operation and detect an overflow.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 0O0H R/W Address: FFFFF545H

7 6 5 4 3 2 1 <0>
TQOOPTO  [Taoccsa|Taoccsz|Taoccst|taoccso] o | o | o |TaoovF|
TQOCCSm TQOCCRmM register capture/compare selection
0 Compare register selected
1 Capture register selected (cleared by setting the TQOCTLO.TQOCE bit = 0)

The TQOCCSm bit setting is valid only in the free-running timer mode.

TQOOVF TMQO overflow detection flag
Set (1) Overflow occurred
Reset (0) TQOOVF bit 0 written or TQOCTLO.TQOCE bit =0

* The TQOOVF bit is set when the 16-bit counter count value overflows from
FFFFH to 0000H in the free-running timer mode or the pulse width measurement
mode.

* An overflow interrupt request signal (INTTQOOV) is generated at the same time
that the TQOOVF bit is set to 1. The INTTQOOQV signal is not generated in modes
other than the free-running timer mode and the pulse width measurement mode.

* The TQOOVF bit is not cleared to 0 even when the TQOOVF bit or the TQOOPTO
register are read when the TQOOVF bit = 1.

* Before clearing the TQOOVF bit to 0 after the INTTQOOV signal has been
generated, be sure to confirm (read) that the TQOOVF bit is set to 1.

* The TQOOVF bit can be both read and written, but the TQOOVF bit cannot be set
to 1 by software. Writing 1 has no influence on the operation of TMQO.

Cautions 1. Rewrite the TQOCCS3 to TQOCCSO0 bits when the
TQOCTLO.TQOCE bit = 0. (The same value can be written
when the TQOCE bit = 1.) If rewriting was mistakenly
performed, clear the TQOCE bit to 0 and then set the bits
again.

2. Be sure to clear bits 1 to 3 to “0”.

Remark m=0to3
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(7) TMQO capture/compare register 0 (TQOCCRO0)
The TQOCCRO register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TQOOPTO0.TQOCCSO bit. In the pulse width measurement mode, the
TQOCCRO register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.
The TQOCCRO register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TQOCCRO register is prohibited in the following statuses. For details, refer to
3.4.9 (2) Accessing specific on-chip peripheral I/O registers.
o When the CPU operates with the subclock and the main clock oscillation is stopped
o When the CPU operates with the internal oscillation clock

After reset: 0000H R/W Address: FFFFF546H

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
taccro | | | | [ [ [ L[ [ T[]
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(a) Function as compare register
The TQOCCRO register can be rewritten even when the TQOCTLO.TQOCE bit = 1.
The set value of the TQOCCRO register is transferred to the CCRO buffer register. When the value of the
16-bit counter matches the value of the CCRO buffer register, a compare match interrupt request signal
(INTTQOCCO) is generated. If TOQOO pin output is enabled at this time, the output of the TOQOO pin is
inverted.
When the TQOCCRO register is used as a cycle register in the interval timer mode, external event count
mode, external trigger pulse output mode, one-shot pulse output mode, or PWM output mode, the value of
the 16-bit counter is cleared (0000H) if its count value matches the value of the CCRO buffer register.
The compare register is not cleared when the TQOCTLO.TQOCE bit = 0.

(b) Function as capture register
When the TQOCCRO register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TQOCCRO register if the valid edge of the capture trigger input pin
(TIQOO pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is
stored in the TQOCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIQOO pin) is detected.
Even if the capture operation and reading the TQOCCRO register conflict, the correct value of the
TQOCCRO register can be read.
The capture register is cleared when the TQOCTLO.TQOCE bit = 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 8-2. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode Capture/Compare Register How to Write Compare Register

Interval timer Compare register Anytime write
External event counter Compare register Anytime write
External trigger pulse output Compare register Batch write"**
One-shot pulse output Compare register Anytime write
PWM output Compare register Batch write"™®
Free-running timer Capture/compare register Anytime write
Pulse width measurement Capture register None

Note Triggered by writing to the TQOCCR1 register

Remark For anytime write and batch write, 8.6 (2) Anytime write and batch write.
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(8) TMQO capture/compare register 1 (TQOCCR1)
The TQOCCR1 register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TQOOPTO0.TQOCCS1 bit. In the pulse width measurement mode, the
TQOCCRT1 register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.
The TQOCCR1 register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TQOCCR1 register is prohibited in the following statuses. For details, refer to
3.4.9 (2) Accessing specific on-chip peripheral I/O registers.
o When the CPU operates with the subclock and the main clock oscillation is stopped
o When the CPU operates with the internal oscillation clock

After reset: 0000H R/W Address: FFFFF548H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
prereeiez T I A O R
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(a) Function as compare register
The TQOCCRT1 register can be rewritten even when the TQOCTLO.TQOCE bit = 1.
The set value of the TQOCCR1 register is transferred to the CCR1 buffer register. When the value of the
16-bit counter matches the value of the CCR1 buffer register, a compare match interrupt request signal
(INTTQOCCH1) is generated. If TOQO1 pin output is enabled at this time, the output of the TOQO1 pin is
inverted.
The compare register is not cleared when the TQOCTLO.TQOCE bit = 0.

(b) Function as capture register
When the TQOCCRT1 register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TQOCCR1 register if the valid edge of the capture trigger input pin
(TIQO1 pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is
stored in the TQOCCRT1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIQO1 pin) is detected.
Even if the capture operation and reading the TQOCCR1 register conflict, the correct value of the
TQOCCRT1 register can be read.
The capture register is cleared when the TQOCTLO.TQOCE bit = 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 8-3. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode Capture/Compare Register How to Write Compare Register

Interval timer Compare register Anytime write
External event counter Compare register Anytime write
External trigger pulse output Compare register Batch write"**
One-shot pulse output Compare register Anytime write
PWM output Compare register Batch write"™®
Free-running timer Capture/compare register Anytime write
Pulse width measurement Capture register None

Note Triggered by writing to the TQOCCR1 register

Remark For anytime write and batch write, see 8.6 (2) Anytime write and batch write.
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(9) TMQO capture/compare register 2 (TQOCCR2)
The TQOCCR2 register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TQOOPTO0.TQOCCS2 bit. In the pulse width measurement mode, the
TQOCCR2 register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.
The TQOCCR2 register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TQOCCR2 register is prohibited in the following statuses. For details, refer to
3.4.9 (2) Accessing specific on-chip peripheral I/O registers.
o When the CPU operates with the subclock and the main clock oscillation is stopped
o When the CPU operates with the internal oscillation clock

After reset: 0000H R/W Address: FFFFF54AH

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
taccre | | | [ [ [ [ L[ [ T[]
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(a) Function as compare register
The TQOCCR2 register can be rewritten even when the TQOCTLO.TQOCE bit = 1.
The set value of the TQOCCR2 register is transferred to the CCR2 buffer register. When the value of the
16-bit counter matches the value of the CCR2 buffer register, a compare match interrupt request signal
(INTTQOCC?2) is generated. If TOQO2 pin output is enabled at this time, the output of the TOQO02 pin is
inverted.
The compare register is not cleared when the TQOCTLO.TQOCE bit = 0.

(b) Function as capture register
When the TQOCCR2 register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TQOCCR2 register if the valid edge of the capture trigger input pin
(TIQO2 pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is
stored in the TQOCCR2 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIQO02 pin) is detected.
Even if the capture operation and reading the TQOCCR2 register conflict, the correct value of the
TQOCCR2 register can be read.
The capture register is cleared when the TQOCTLO.TQOCE bit = 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 8-4. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode Capture/Compare Register How to Write Compare Register

Interval timer Compare register Anytime write
External event counter Compare register Anytime write
External trigger pulse output Compare register Batch write"**
One-shot pulse output Compare register Anytime write
PWM output Compare register Batch write"™®
Free-running timer Capture/compare register Anytime write
Pulse width measurement Capture register None

Note Triggered by writing to the TQOCCR1 register

Remark For anytime write and batch write, see 8.6 (2) Anytime write and batch write.
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(10) TMQO capture/compare register 3 (TQOCCR3)
The TQOCCRS register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TQOOPTO0.TQOCCS3 bit. In the pulse width measurement mode, the
TQOCCRS register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.
The TQOCCRS register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TQOCCR3 register is prohibited in the following statuses. For details, refer to
3.4.9 (2) Accessing specific on-chip peripheral I/O registers.
o When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

After reset: 0000H R/W Address: FFFFF54CH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
tacers | | | | [ [ [ [ [ T[]
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(a) Function as compare register
The TQOCCRBS register can be rewritten even when the TQOCTLO.TQOCE bit = 1.
The set value of the TQOCCRS register is transferred to the CCR3 buffer register. When the value of the
16-bit counter matches the value of the CCR3 buffer register, a compare match interrupt request signal
(INTTQOCCS3) is generated. If TOQO3 pin output is enabled at this time, the output of the TOQO03 pin is
inverted.
The compare register is not cleared when the TQOCTLO.TQOCE bit = 0.

(b) Function as capture register
When the TQOCCRBS register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TQOCCRS register if the valid edge of the capture trigger input pin
(TIQO3 pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is
stored in the TQOCCRBS register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIQO03 pin) is detected.
Even if the capture operation and reading the TQOCCR3 register conflict, the correct value of the
TQOCCRBS register can be read.
The capture register is cleared when the TQOCTLO.TQOCE bit = 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 8-5. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode Capture/Compare Register How to Write Compare Register

Interval timer Compare register Anytime write
External event counter Compare register Anytime write
External trigger pulse output Compare register Batch write"**
One-shot pulse output Compare register Anytime write
PWM output Compare register Batch write"™®
Free-running timer Capture/compare register Anytime write
Pulse width measurement Capture register None

Note Triggered by writing to the TQOCCR1 register

Remark For anytime write and batch write, see 8.6 (2) Anytime write and batch write.
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(11) TMQO counter read buffer register (TQOCNT)
The TQOCNT register is a read buffer register that can read the count value of the 16-bit counter.
If this register is read when the TQOCTLO.TQOCE bit = 1, the count value of the 16-bit timer can be read.
This register is read-only, in 16-bit units.
The value of the TQOCNT register is cleared to 0000H when the TQOCE bit = 0. If the TQOCNT register is
read at this time, the value of the 16-bit counter (FFFFH) is not read, but 0000H is read.
The value of the TQOCNT register is cleared to 0000H after reset, as the TQOCE bit is cleared to 0.

Caution Accessing the TQOCNT register is prohibited in the following statuses. For details, refer to
3.4.9 (2) Accessing specific on-chip peripheral I/O registers.
o When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

After reset: 0000H R Address: FFFFF54EH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reont | 0 [ [ L[ PP ]

8.5 Timer Output Operations
The following table shows the operations and output levels of the TOQO00 to TOQO3 pins.

Table 8-6. Timer Output Control in Each Mode

Operation Mode

TOQOO Pin TOQO1 Pin TOQO2 Pin

TOQO3 Pin

Interval timer mode

Square wave output

External event count mode

None

External trigger pulse output mode

One-shot pulse output mode

PWM output mode

Square wave output | External trigger pulse output

One-shot pulse output

PWM output

Free-running timer mode

Square wave output (only when compare function is used)

Pulse width measurement mode

None
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Table 8-7. Truth Table of TOQ00 to TOQ03 Pins Under Control of Timer Output Control Bits

TQOIOCO0.TQOOLm Bit | TQOIOC0.TQOOEm Bit TQOCTLO.TQOCE Bit Level of TOQOmM Pin
0 0 X Low-level output
1 0 Low-level output
1 Low level immediately before counting, high

level after counting is started

1 0 X High-level output
1 0 High-level output
1 High level immediately before counting, low level

after counting is started

Remark m=0to 3

8.6 Operation

TMQO can perform the following operations.

Operation TQOCTL1.TQOEST Bit TIQO0 Pin Capture/Compare | Compare Register
(Software Trigger Bit) |(External Trigger Input)| Register Setting Write
Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode"*" Invalid Invalid Compare only Anytime write
External trigger pulse output mode™** | Valid Valid Compare only Batch write
One-shot pulse output mode"™** Valid Valid Compare only Anytime write
PWM output mode Invalid Invalid Compare only Batch write
Free-running timer mode Invalid Invalid Switching enabled | Anytime write
Pulse width measurement mode"**? Invalid Invalid Capture only Not applicable

Notes 1. To use the external event count mode, specify that the valid edge of the TIQO0O pin capture trigger input
is not detected (by clearing the TQOIOC1.TQO0IS1 and TQOIOC1.TQOISO bits to “00”).
2. When using the external trigger pulse output mode, one-shot pulse output mode, and pulse width
measurement mode, select the internal clock as the count clock (by clearing the TQOCTL1.TQOEEE bit
to 0).
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(1) Counter basic operation
This section explains the basic operation of the 16-bit counter. For details, refer to the description of the
operation in each mode.

(C))

(b)

(c)

(d)

Counter start operation
o External event count mode
When the TQOCE bit value is changed from 0 to 1, the value of 0000H is set to the 16-bit counter.
After that, it counts up from 0001H, 0002H, 0003H, and so on each time the valid edge of the external
event count input (TIQOO) is detected.
¢ Mode other than above
The 16-bit counter of TMQO starts counting from the default value FFFFH.
It counts up from FFFFH to 0000H, 0001H, 0002H, 0003H, and so on.

Clear operation

The 16-bit counter is cleared to 0000H when its value matches the value of the compare register and when
its value is captured. The counting operation from FFFFH to 0000H that takes place immediately after the
counter has started counting or when the counter overflows is not a clearing operation. Therefore, the
INTTQOCCm interrupt signal is not generated (m = 0 to 3).

Overflow operation

The 16-bit counter overflows when the counter counts up from FFFFH to 0000H in the free-running timer
mode or pulse width measurement mode. If the counter overflows, the TQOOPTO.TQOOVF bit is set to 1
and an interrupt request signal (INTTQOOV) is generated. Note that the INTTQOOV signal is not
generated under the following conditions.

e Immediately after a count operation has been started

o If the counter value matches the compare value FFFFH and is cleared

e When FFFFH is captured in the pulse width measurement mode and the counter counts up from FFFFH
to 0000H

Caution After the overflow interrupt request signal (INTTQOOV) has been generated, be sure to
check that the overflow flag (TQOOVF bit) is set to 1.

Counter read operation during counting operation

The value of the 16-bit counter of TMQO can be read by using the TQOCNT register during the count
operation. When the TQOCTLO.TQOCE bit = 1, the value of the 16-bit counter can be read by reading the
TQOCNT register. When the TQOCE bit = 0, the 16-bit counter is FFFFH and the TQOCNT register is
0000H.
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(e) Interrupt operation
TMQO generates the following five interrupt request signals.

INTTQOCCO interrupt:

INTTQOCCH1 interrupt:

INTTQOCC2 interrupt:

INTTQOCCS interrupt:

INTTQOOV interrupt:

This signal functions as a match interrupt request signal of the CCRO buffer
register and as a capture interrupt request signal to the TQOCCRO register.

This signal functions as a maitch interrupt request signal of the CCR1 buffer
register and as a capture interrupt request signal to the TQOCCR1 register.

This signal functions as a match interrupt request signal of the CCR2 buffer
register and as a capture interrupt request signal to the TQOCCR2 register.

This signal functions as a match interrupt request signal of the CCR3 buffer
register and as a capture interrupt request signal to the TQOCCRS register.

This signal functions as an overflow interrupt request signal.
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(2) Anytime write and batch write
The TQOCCRO to TQOCCRS registers can be rewritten in the TMQO during timer operation (TQOCTLO.TQOCE
bit = 1), but the write method (anytime write, batch write) of the CCRO to CCRS3 buffer registers differs
depending on the mode.

(a) Anytime write
In this mode, data is transferred at any time from the TQOCCRO to TQOCCRS registers to the CCRO to

CCR3 buffer registers during the timer operation.

Figure 8-2. Flowchart of Basic Operation for Anytime Write

( START )

Initial settings

o Set values to TQOCCRm register
o Timer operation enable
(TQOCE bit=1)
— Transfer values of TQOCCRm
register to CCRm buffer
register

TQOCCRmM register rewrite
— Transfer to CCRm buffer register

Timer operation

o Match between 16-bit counter
and CCRKk buffer registeri°te

o Match between 16-bit counter — INTTQOCCO signal output
and CCRO buffer register

¢ 16-bit counter clear & start

l

Note The 16-bit counter is not cleared upon a match between the 16-bit counter value and the CCRk buffer

INTTQOCCKk signal output

register value. It is cleared upon a match between the 16-bit counter value and the CCRO buffer register
value.

Remarks 1. The above flowchart illustrates an example of the operation in the interval timer mode.
2. k=1to3
m=0to 3
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Figure 8-3. Timing of Anytime Write

TQOCE bit =1

FFFFH
Doz
D21 D21 Da1

16-bit oy Dy D] | Dy

counter Dy / Dy / Dy / D|371— /
0000H ‘ T7 }
TQOCCRO D D
register cl I T e

CCRO buffer
register

INTTQOCCO
signal

TQOCCRH1 X
register

0000H Dot X Doz

D12

CCR1 buffer 55501 D1, X
register

INTTQOCCH
signal
TQOCCR2
register
CCR2 buffer
register
INTTQOCC2
signal
TQOCCR3
register
CCR3 buffer
register

INTTQOCC3
signal

D12

0000H Da1

0000H Dat

Remarks 1. Do1, Do2: Setting values of TQOCCRO register
D11, D12: Setting values of TQOCCR1 register
D21: Setting value of TQOCCR2 register
Dat: Setting value of TQOCCRS3 register
2. The above timing chart illustrates an example of the operation in the interval timer mode.
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(b) Batch write
In this mode, data is transferred all at once from the TQOCCRO to TQOCCRS registers to the CCRO to
CCR3 buffer registers during timer operation. This data is transferred upon a match between the value of
the CCRO buffer register and the value of the 16-bit counter. Transfer is enabled by writing to the
TQOCCRT1 register.
Whether to enable or disable the next transfer timing is controlled by writing or not writing to the TQOCCR1
register.
In order for the setting value when the TQOCCRO to TQOCCRS3 registers are rewritten to become the 16-bit
counter comparison value (in other words, in order for this value to be transferred to the CCRO to CCR3
buffer registers), it is necessary to rewrite TQOCCRO and finally write to the TQOCCR1 register before the
16-bit counter value and the CCRO buffer register value match. The values of the TQOCCRO to TQOCCRS3
registers are transferred to the CCRO to CCR3 buffer registers upon a match between the count value of
the 16-bit counter and the value of the CCRO buffer register. Thus, even when wishing only to rewrite the
value of the TQOCCRO, TQOCCR2, or TQOCCRB3 register, also write the same value (same as the value of
the TQOCCRH1 register already set) to the TQOCCRH1 register.
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Figure 8-4. Flowchart of Basic Operation for Batch Write

‘ START )

Initial settings

|
o Set values to TQOCCRm register
» Timer operation enable (TQOCE
bit = 1)
— Transfer of values of
TQOCCRm register to CCRm
buffer register

TQOCCRO, TQOCCR2, TQOCCR3
register rewrite

TQOCCRT1 register rewrite — Batch write enable

|

Timer operation

e Match between 16-bit counter
and CCRKk buffer registerNoe

* Match between 16-bit counter —— INTTQOCCO signal output
and CCRO buffer register

e 16-bit counter clear & start

¢ Transfer of values of TQOCCRk
register to CCRk buffer register

INTTQOCCKk signal output

Note The 16-bit counter is not cleared upon a match between the 16-bit counter value and the CCRk buffer
register value. It is cleared upon a match between the 16-bit counter value and the CCRO buffer register
value.

Caution Writing to the TQOCCR1 register includes enabling of batch write. Thus, rewrite the TQOCCR1
register after rewriting the TQOCCR0, TQOCCR2, and TQOCCRS3 registers.

Remarks 1. The above flowchart illustrates an example of the operation in the PWM output mode.
2. k=1t03
m=0to3
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Figure 8-5. Timing of Batch Write

FFFFH

16-bit
counter
0000H

TQOCCRO
register

CCRO buffer
register
TQOCCR1
register
CCR1 buffer
register
TQOCCR2
register
CCR2 buffer
register
TQOCCR3
register
CCRS3 buffer
register
INTTQOCCO
signal
INTTQOCCH1
signal
INTTQOCC2
signal
INTTQOCC3
signal
TOQO00

pin output
TOQO1

pin output
TOQO02

pin output

TOQO03
pin output

TQOCE bit = 1
Dot
Dos
D11/ D32%7 D32%7 Dsz/
D31/ D127 D12~ Diz= Dig.”
D21~ Dzt / D2t / Dar Dz
Dot X Doz Dos
(A | | L T T i A
0000H XV Do X Note 1 = Note 1 XV ,DOS
L 1] | L L T b [Ty Samevalyewrite |
D11 XNote 2 Dr2 XNote3  Di2
(A | | L T1 T i A
A e e 12
\ \Dm \ \

(A | NN i |1
e e e L A B
Da1 X Da2 X Das
AL | NN i (A
0000H X' Dor ' Note 1 Daz Note 1 ' Dsw

Notes 1. Because the TQOCCR1 register was not rewritten, Doz is not transferred.
2. Because TQOCCRT1 register has been written (D12), data is transferred to the CCR1 buffer register
upon a match between the value of the 16-bit timer and the value of the TQOCCRO register (Do1).
3. Because TQOCCR1 register has been written (D12), data is transferred to the CCR1 buffer register
upon a match between the value of the 16-bit timer and the value of the TQOCCRO register (D12).

Remarks 1.

Do+, Doz, Dos: Setting values of TQOCCRO register
D11, D12: Setting values of TQOCCR1 register
Da1: Setting value of TQOCCR2 register

D31, D32, D33: Setting values of TQOCCRBS register

2. The above timing chart illustrates the operation in the PWM output mode as an example.
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8.6.1 Interval timer mode (TQOMD2 to TQOMDO bits = 000)

In the interval timer mode, an interrupt request signal (INTTQOCCO) is generated at the interval set by the
TQOCCRO register if the TQOCTLO.TQOCE bit is set to 1. A square wave with a duty factor of 50% whose half cycle is
equal to the interval can be output from the TOQOO pin.

The TQOCCR1 to TQOCCRS3 registers are not used in the interval timer mode. However, the set value of the
TQOCCR1 to TQOCCRS registers is transferred to the CCR1 to CCR3 buffer registers and, when the count value of
the 16-bit counter matches the value of the CCR1 to CCRS3 buffer registers, compare match interrupt request signals
(INTTQOCC1 to INTTQOCC3) are generated. In addition, a square wave with a duty factor of 50%, which is inverted
when the INTTQOCC1 to INTTQOCCS signals are generated, can be output from the TOQO01 to TOQO3 pins.

The value of the TQOCCR1 to TQOCCR3 registers can be rewritten even while the timer is operating.

Figure 8-6. Configuration of Interval Timer

Clear
Count clock . Output .
selection } 16-bit counter controller © TOQO0 pin
Match si |
# aen siona’_. INTTQOCCO signal

TQOCE bit CCRO buffer register

i

TQOCCRO register

Figure 8-7. Basic Timing of Operation in Interval Timer Mode

FFFFH

Do N Do — Do — Do

16-bit counter

0000H

TQOCE bit

=1

TQOCCRQO register Do

TOQOO pin output

INTTQOCCO signal —| —| —| —|

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)
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When the TQOCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization
with the count clock, and the counter starts counting. At this time, the output of the TOQOO pin is inverted. Additionally,
the set value of the TQOCCRO register is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is
cleared to 0000H, the output of the TOQOO pin is inverted, and a compare match interrupt request signal
(INTTQOCCO) is generated.

The interval can be calculated by the following expression.

Interval = (Set value of TQOCCRO register + 1) x Count clock cycle

Figure 8-8. Register Setting for Interval Timer Mode Operation (1/3)

(a) TMQO control register 0 (TQOCTLO)
TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TQOCTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 0/1 ‘ 01 |
| |

——  Select count clock

0: Stop counting
1: Enable counting

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
TQOCTL1 | 0 ‘ 0 ‘ 0/{Nete 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |

0,0,0:
Interval timer mode

0: Operate on count
clock selected by bits
TQOCKSO to TQOCKS2
1: Count with external
event count input signal

Note The TQOEEE bit can be set to 1 only when the timer output (TOQOK) is used. However, the TQOCCRO
and TQOCCRKk registers must be set to the same value (k = 1 to 3).

Users Manual U19201EJ3VOUD 531



CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 8-8. Register Setting for Interval Timer Mode Operation (2/3)

(c) TMQO I/O control register 0 (TQ0IOCO0)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQOOLO TQOOEO
TQOIOCOl 0/1 \ 0/1 \ 0 \ 0/ \ 0/1 \ 0/ \ 0/ \ 0 |

0: Disable TOQOO pin output
1: Enable TOQOO pin output

Setting of TOQOO pin output
level before count operation
0: Low level
1: High level

0: Disable TOQO1 pin output
1: Enable TOQO1 pin output

Setting of TOQO1 pin output
level before count operation
0: Low level
1: High level

0: Disable TOQO2 pin output
1: Enable TOQO2 pin output

Setting of TOQO2 pin output
level before count operation
0: Low level
1: High level

0: Disable TOQOS3 pin output
1: Enable TOQOS3 pin output

Setting of TOQOS3 pin output
level before count operation
0: Low level
1: High level

(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETS1 TQOETSO
TQOIOCZl 0 \ 0 \ 0 \ 0 \0/1"‘"e 0/1Note 0 \ 0 |

L]

Select valid edge of external
event count input (TIQOO pin).

Note The TQOEES1 and TQOEESO bits can be set only when timer outputs (TOQO1 to TOQO3) are
used. However, set the TQOCCRO to TQOCCRS registers to the same value.

(e) TMQO counter read buffer register (TQOCNT)
By reading the TQOCNT register, the count value of the 16-bit counter can be read.

(f) TMQO capture/compare register 0 (TQOCCRO0)
If the TQOCCRO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle

532 Users Manual U19201EJ3VOUD



CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 8-8. Register Setting for Interval Timer Mode Operation (3/3)

(g) TMQO capture/compare registers 1 to 3 (TQOCCR1 to TQOCCR3)

The TQOCCR1 to TQOCCRS3 registers are not used in the interval timer mode. However, the set value of
the TQOCCR1 to TQOCCRS3 registers are transferred to the CCR1 to CCRS3 buffer registers. The TOQO1
to TOQO3 pin outputs are inverted and compare match interrupt request signals (INTTQOCC1 to
INTTQOCCS3) are generated when the count value of the 16-bit counter matches the value of the CCR1
to CCR3 buffer registers.

When the TQOCCR1 to TQOCCRS registers are not used, it is recommended to set their values to
FFFFH.  Also mask the registers by the interrupt mask flags (TQOCCIC1.TQOCCMK1 to
TQOCCIC3.TQOCCMK3).

Remark TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not used
in the interval timer mode.
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(1) Interval timer mode operation flow

Figure 8-9. Software Processing Flow in Interval Timer Mode

FFFFH

. Do — Do — Do —
16-bit counter

0000H

TQOCE bit

TQOCCRQO register x Do

TOQOO pin output

INTTQOCCO signal

<1> <2>

<1> Count operation start flow

C s )

Register initial setting Initial setting of these registers is performed

TQOCTLO register before setting the TQOCE bit to 1.
(TQOCKSO0 to TQOCKS2 bits)

TQOCTLI register,
TQOIOCO register,
TQOIOC2 registerhete,
TQOCCRO register

The TQOCKSO to TQOCKS2 bits can be
set at the same time when counting has
been started (TQOCE bit = 1).

TQOCE bit =1

Note The TQOEES1 and TQOEESO bits can be set only when timer output (TOQOKk) is used. However,
set the TQOCCRO and TQOCCRKk registers to the same value (k = 1 to 3).

<2> Count operation stop flow

The counter is initialized and counting is
TQOCE bit=0 stopped by clearing the TQOCE bit to 0.

The output level of the TOQOO pin is as
C STOP >

specified by the TQOIOCO register.
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(2) Interval timer mode operation timing

(a) Operation if TQOCCRO register is set to 0000H
If the TQOCCRO register is set to 0000H, the INTTQOCCO signal is generated at each count clock, and the
output of the TOQOO pin is inverted.
The value of the 16-bit counter is always 0000H.

Count clock
16-bit counter FFFFH 0000H 0000H 0000H 0000H

TQOCE bit

TQOCCRO register 0000H
TOQOO pin output
INTTQOCCO signal

Interval time Interval time Interval time
Count clock cycle | Count clock cycle | Count clock cycle

(b) Operation if TQOCCRO register is set to FFFFH
If the TQOCCRO register is set to FFFFH, the 16-bit counter counts up to FFFFH. The counter is cleared to
0000H in synchronization with the next count-up timing. The INTTQOCCO signal is generated and the
output of the TOQOO pin is inverted. At this time, an overflow interrupt request signal (INTTQOOV) is not
generated, nor is the overflow flag (TQOOPTO0.TQOOVF bit) set to 1.

FFFFH

16-bit counter

0000H
TQOCE bit J
TQOCCRQO register FFFFH
TOQOO pin output ]
INTTQOCCO signal —l —l —l
Interval time Interval time Interval time
10000H x 10000H x 10000H x

count clock cycle | count clock cycle | count clock cycle

User's Manual U19201EJ3VOUD 535



CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(c) Notes on rewriting TQOCCRO register

If the value of the TQOCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow. If there is a possibility of overflow, stop counting and then change the set value.

FFFFH

16-bit counter

0000H

TQOCE bit

TQOCCRQO register

TQOOLO bit

TOQOO pin output

INTTQOCCO signal

D1

D

D2

D2—,

Do

]

D1

D2

Interval time (1)

Interval time (NG)

Remark Interval time (1): (D1 + 1) x Count clock cycle
Interval time (NG): (10000H + D2 + 1) x Count clock cycle
Interval time (2): (D2 + 1) x Count clock cycle

Interval

time (2)

536

If the value of the TQOCCRQO register is changed from D1 to D2 while the count value is greater than D2 but
less than D1, the count value is transferred to the CCRO buffer register as soon as the TQOCCRO register
has been rewritten. Consequently, the value of the 16-bit counter that is compared is Dz.

Because the count value has already exceeded D2, however, the 16-bit counter counts up to FFFFH,
overflows, and then counts up again from 0000H. When the count value matches D2, the INTTQOCCO

signal is generated and the output of the TOQOO pin is inverted.

Therefore, the INTTQOCCO signal may not be generated at the interval time “(D1 + 1) x Count clock cycle
or “(D2 + 1) x Count clock cycle” originally expected, but may be generated at an interval of “(10000H + D2

+ 1) x Count clock period”.
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(d) Operation of TQOCCR1 to TQOCCRS3 registers

Figure 8-10. Configuration of TQOCCR1 to TQOCCR3 Registers

Count
clock
selection

TQOCCR1
register

!

CCR1 buffer
register

Output
controller

—©O) TOQO1 pin

{} Match signal
PN

TQOCCR2
register

1§l

INTTQOCCH1 signal

)

ﬁ

TQOCE bit

CCRO buffer register

il

TQOCCRO register

CCR2 buffer Output [ )
register controller ©T0Q02 pin
& Match signal INTTQOCC2 signal
TQOCCR3
register
CCRS8 buffer Output | _ .
register ( controller ©T0Q03 pin
{} Match signal | INTTQOCCS signal
Clear
_bi , .| Output | _ )
16-bit counter controller © TOQO0 pin
Match signal
& aen signa INTTQOCCO signal
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If the same value as the set value of the TQOCCRO register is set to the TQOCCRk register, the
INTTQOCCK signal is generated together with the INTTQOCCO signal, and the output of the TOQOk pin is
inverted. This means that a square wave with a duty factor of 50% can be output from the TOQOKk pin.

If a value different from the set value of the TQOCCRO register is set to the TQOCCRKk register, the
operation is as follows.

If the set value of the TQOCCRK register is less than the set value of the TQOCCRO register, the
INTTQOCCK signal is generated once per cycle. At the same time, the output of the TOQOk pin is inverted.
The TOQOk pin outputs a square wave with a duty factor of 50% after it first outputs a short-width pulse.

Remark k=11t03

Figure 8-11. Timing Chart When Do1 > Dk1

FFFFH

Dot Do Do1 Dot
16-bit counter D Ds D Dgy D D D D
D21£Z D21Z1’Z D21£Z D21Z1’Z
0000H
TQOCE bit J
TQOCCRO register Do1

TOQOO pin output

INTTQOCCO signal ] ] ] ]__

TQOCCRT1 register D11

TOQO1 pin output

INTTQOCCH1 signal -| -| -| -|

TQOCCR2 register D21

TOQO2 pin output

INTTQOCC2 signal -| -| -| -|

TQOCCRS register Da1

TOQO3 pin output

INTTQOCCS signal ] ] ] ]
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If the set value of the TQOCCRKk register is greater than the set value of the TQOCCRO register, the count
Consequently, the
INTTQOCCKk signal is not generated, nor is the output of the TOQOk pin changed. It is recommended to

value of the 16-bit counter does not match the value of the TQOCCRKk register.

set FFFFH to the TQOCCRK register when the TQOCCRKk register is not used.

Remark k=1t03

Figure 8-12. Timing Chart When Do1 < Dk1

FFFFH
16-bit counter

0000H

TQOCE bit

TQOCCRQO register

TOQOO pin output

INTTQOCCO signal

TQOCCRT1 register

TOQO1 pin output

INTTQOCCH1 signal

TQOCCR2 register

TOQO2 pin output

INTTQOCC2 signal

TQOCCRS register

TOQO3 pin output

INTTQOCCS3 signal

Dot

Dot

Dot

|

D11
L

D21
L

D31
L
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(3) Operation by external event count input (TIQ00)

(a) Operation
To count the 16-bit counter at the valid edge of external event count input (TIQOO0) in the interval timer
mode, the valid edge of the external event count input is necessary once because the 16-bit counter is
cleared from FFFFH to 0000H immediately after the TQOCE bit is set from 0 to 1.
When 0001H is set to both the TQOCCRO and TQOCCRKk registers, the output of the TOQOk pins is
inverted each time the 16-bit counter counts twice (k = 1 to 3).
The TQOCTLO.TQOEEE bit can be set to 1 in the interval timer mode only when the timer output (TOQOK)
is used with the external event count input.

FFFFH
16-bit counter 0001H 0001H 0001H
0000H —
TQOCE bit J
External event count input
(TIQOO0 pin input) -
TQOCCRO register 0001H 0001H 0001H
TQOCCRT1 register 0001H 0001H 0001H
TOQO1 pin output
TQOCCR?2 register 0001H 0001H 0001H
TOQO2 pin output
TQOCCRS3 register 0001H 0001H 0001H
TOQO3 pin output
2-count width 2-count width 2-count width
Number of external Number of external Number of external
events: 3 events: 2 events: 2
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8.6.2 External event count mode (TQOMD2 to TQOMDO bits = 001)

In the external event count mode, the valid edge of the external event count input (TIQ00) is counted when the
TQOCTLO.TQOCE bit is set to 1, and an interrupt request signal (INTTQOCCO) is generated each time the specified
number of edges set by the TQOCCRO register have been counted. The TOQO0 to TOQO3 pins cannot be used.
When using the TOQO01 and TOQO3 pins for external event count input, set the TQOCTL1.TQOEEE bit to 1 in the
interval timer mode (see 8.6.1 (3) Operation by external event count input (TIQ00)).

The TQOCCR1 to TQOCCRS registers are not used in the external event count mode.

Caution In the external event count mode, the TQOCCRO to TQOCCR3 registers must not be cleared to
0000H.

Figure 8-13. Configuration in External Event Count Mode

Clear

TIQOO pin Edge
(external event O— detector ] >—* 16-bit counter

count input)

Match signal
{} a’ch signa INTTQOCCO signal

ﬁ

TQOCE bit CCRO buffer register

it

TQOCCRQO register
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Figure 8-14. Basic Timing in External Event Count Mode

FEFFH ,,‘\)//—\

Do Do 4 “\ Do
16-bit counter ! \
0000H :' '; 16-bit counter Do - 1 X Do X 0000 Xooo1
] . External event
TQOCE bit | i ! count input | | | | | |

' l (TIQOO pin input)

TQOCCRO register :X Dol‘, ; TQOCCRO register Do

INTTQOCCO signal _| _| | NTTQOCCO signal |

Number | Number 1" Number

of external of external of external

event event event

count (Do) count count

timesN*®  (Do+1) (Do + 1)
times times

Note In the external event count mode, the 16-bit counter is cleared from FFFFH to 0000H as soon as
the TQOCTLO.TQOCE bit has been set (1) (operation is started). The first counting operation is
started from 0001H each time the valid edge of the external event count input has been detected.
Therefore, the number of counts of the first counting operation is one less than that of the second
counting operation.

Remark This figure shows the basic timing when the rising edge is specified as the valid edge of the
external event count input.
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