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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

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 Vi. (MAX) and Vi1 (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).

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 Voo 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.

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.

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, /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.

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.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an 1/0O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or 1/0 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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IECUBE is a registered trademark of NEC 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.
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These commaodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.

e The information in this document is current as of October, 2007. 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.

e 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.

e 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.

e 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.

e 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.

e 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.

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

M8E 02. 111
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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
VB50ES/SG2 and V850ES/SG2-H products and design application systems using
these products.

This manual is intended to give users an understanding of the hardware functions of
the VB50ES/SG2 and V850ES/SG2-H shown in the Organization below.

This manual is divided into two parts: Hardware (this manual) and Architecture
(V850ES Architecture User’s Manual).

Hardware Architecture
¢ Pin functions ¢ Data types
¢ CPU function ¢ Register set
e On-chip peripheral functions e Instruction format and instruction set
e 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.

To understand the overall functions of the V850ES/SG2 and V850ES/SG2-H
— Read this manual according to the CONTENTS.

To find the details of a register where the name is known
—Use APPENDIX C 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 VB50ES Architecture User’s Manual available separately.

To know the electrical specifications of the VB50ES/SG2 and V850ES/SG2-H
—See CHAPTER 32 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.

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.
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Conventions

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 V850ES/SG2, V850ES/SG2-H

Document Name Document No.
V850ES Architecture User's Manual U15943E
V850ES/SG2, V850ES/SG2-H Hardware User's Manual This manual

Documents related to development tools

Document Name Document No.
IE-V850ES-G1 (In-Circuit Emulator) U16313E
IE-703288-G1-EM1 (In-Circuit Emulator Option Board) U16697E
IE-V850E1-CD-NW (PCMCIA Card Type On-Chip Debug Emulator) U16647E
QB-V850ESSX2 (In-Circuit Emulator) U17091E
QB-V850MINI (On-Chip Debug Emulator) U17638E
QB-MINI2 (On-Chip Debug Emulator with Programming Function) U18371E
CA850 Ver. 3.00 C Compiler Package Operation U17293E
C Language U17291E
Assembly Language U17292E
Link Directive U17294E
PM+ Ver. 6.30 Project Manager U18416E
ID850 Ver. 3.00 Integrated Debugger Operation U17358E
ID850QB Ver. 3.40 Integrated Debugger Operation U18604E
TW850 Ver. 2.00 Performance Analysis Tuning Tool U17241E
SM+ System Simulation Operation U18601E
User Open Interface U18212E
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
Installation U17421E
Technical U13772E
Task Debugger U17422E
AZ850 Ver. 3.30 System Performance Analyzer U17423E
PG-FP4 Flash Memory Programmer U15260E
PG-FP5 Flash Memory Programmer U18865E
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CHAPTER 1 INTRODUCTION

The V850ES/SG2 and V850ES/SG2-H are products in the NEC Electronics V850 single-chip microcontrollers
designed for low-power operation for real-time control applications.

1.1 General

The V850ES/SG2 and V850ES/SG2-H are 32-bit single-chip microcontrollers that include the V850ES CPU core
and peripheral functions such as ROM/RAM, a timer/counter, serial interfaces, an A/D converter, and a D/A converter.
Some models of the V850ES/SG2 and V850ES/SG2-H are provided with IEBus™ (Inter Equipment Bus™) or CAN
(Controller Area Network) as an automotive LAN.

In addition to high real-time response characteristics and 1-clock-pitch basic instructions, the V850ES/SG2 and
V850ES/SG2-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 V850ES/SG2 and V850ES/SG2-H enable an extremely high cost-performance for
applications that require a low power consumption, such as audio and car audio.

Table 1-1 lists the products of the VB50ES/SG2 and V850ES/SG2-H.

Models of the VB50ES/SG2 and V850ES/SG2-H with expanded I/O, timer/counter, and serial interface functions,
V850ES/SJ2 and V850ES/SJ2-H, are also available. See Table 1-2 V850ES/SJ2, V850ES/SJ2-H Product List.
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Table 1-1. V850ES/SG2, V850ES/SG2-H Product List

Function ROM RAM Operating I’C IEBus CAN | Maskable Interrupts |Non-maskable
Type Size Size | Frequency External | Internal Interrupts

Part Number (MAX.)
1PD703260 Mask 256 KB | 24 KB 20 MHz None None None 8 47 2
4PD703260Y ROM On-chip
uPD703261 384 KB | 32 KB None
uPD703261Y On-chip
H#PD70F3261 Flash None
HPD70F3261Y memory On-chip
1PD703262 Mask 512 KB | 40 KB None
4PD703262Y ROM On-chip
uPD703262HY 32 MHz 46
#PD703263 640 KB | 48 KB 20 MHz None 47
uPD703263Y On-chip
#PD703263HY 32 MHz 46
uPD70F3263 Flash 20 MHz None 47
uPD70F3263Y memory On-chip
1PD70F3263HY 32 MHz 46
uPD703270 Mask 256 KB | 24 KB 20 MHz None | On-chip 51
4PD703270Y ROM On-chip
uPD703271 384 KB | 32 KB None
uPD703271Y On-chip
H#PD70F3271 Flash None
UPD70F3271Y memory On-chip
uPD703272 Mask 512 KB | 40 KB None
1PD703272Y ROM On-chip
uPD703272HY 32 MHz 50
©PD703273 640 KB | 48 KB 20 MHz None 51
uPD703273Y On-chip
uPD703273HY 32 MHz 50
uPD70F3273 Flash 20 MHz None 51
HPD70F3273Y memory On-chip
uPD70F3273HY 32 MHz 50
uPD703280 Mask 256 KB | 24 KB 20 MHz None None | On-chip 51
4PD703280Y ROM On-chip
uPD703281 384 KB | 32 KB None
uPD703281Y On-chip
H#PD70F3281 Flash None
4PD70F3281Y memory On-chip
uPD703282 Mask 512 KB | 40 KB None
4PD703282Y ROM On-chip
uPD703282HY 32 MHz 50
1PD703283 640 KB | 48 KB 20 MHz None 51
uPD703283Y On-chip
uPD703283HY 32 MHz 50
uPD70F3283 Flash 20 MHz None 51
HPD70F3283Y memory On-chip
uPD70F3283HY 32 MHz 50

Remark The part numbers of the VB50ES/SG2 and V850ES/SG2-H are shown as follows in this manual.
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VB50ES/SG2

1PD703260, 703260Y, 703261, 703261Y, 703262, 703262Y, 703263, 703263Y, 703270, 703270Y, 703271,
703271Y, 703272, 703272Y, 703273, 703273Y, 703280, 703280Y, 703281, 703281Y, 703282, 703282Y, 703283,
703283Y, 70F3261, 70F3261Y, 70F3263, 70F3263Y, 70F3271, 70F3271Y, 70F3273, 70F3273Y, 70F3281,
70F3281Y, 70F3283, 70F3283Y

V850ES/SG2-H

#PD703262HY, 703263HY, 703272HY, 703273HY, 703282HY, 703283HY, 70F3263HY, 70F3273HY, 70F3283HY
Mask ROM version

uPD703260, 703260Y, 703261, 703261Y, 703262, 703262Y, 703262HY, 703263, 703263Y, 703263HY, 703270,
703270Y, 703271, 703271Y, 703272, 703272Y, 703272HY, 703273, 703273Y, 703273HY, 703280, 703280Y,
703281, 703281Y, 703282, 703282Y, 703282HY, 703283, 703283Y, 703283HY

Flash memory version

#PD70F3261, 70F3261Y, 70F3263, 70F3263Y, 70F3263HY, 70F3271, 70F3271Y, 70F3273, 70F3273Y,
70F3273HY, 70F3281, 70F3281Y, 70F3283, 70F3283Y, 70F3283HY

I’C bus version (Y version): All VB50ES/SG2-H products have an on-chip I°C bus.

#PD703260Y, 703261Y, 703262Y, 703262HY, 703263Y, 703263HY, 703270Y, 703271Y, 703272Y, 703272HY,
703273Y, 703273HY, 703280Y, 703281Y, 703282Y, 703282HY, 703283Y, 703283HY, 70F3261Y, 70F3263Y,
70F3263HY, 70F3271Y, 70F3273Y, 70F3273HY, 70F3281Y, 70F3283Y, 70F3283HY

General-purpose version

1PD703260, 703260Y, 703261, 703261Y, 703262, 703262Y, 703262HY, 703263, 703263Y, 703263HY, 70F3261,
70F3261Y, 70F3263, 70F3263Y, 70F3263HY

IEBus controller version

#PD703270, 703270Y, 703271, 703271Y, 703272, 703272Y, 703272HY, 703273, 703273Y, 703273HY, 70F3271,
70F3271Y, 70F3273, 70F3273Y, 70F3273HY

CAN controller version

1PD703280, 703280Y, 703281, 703281Y, 703282, 703282Y, 703282HY, 703283, 703283Y, 703283HY, 70F3281,
70F3281Y, 70F3283, 70F3283Y, 70F3283HY
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Table 1-2. V850ES/SJ2, V850ES/SJ2-H Product List

Function ROM RAM Operating I’C IEBus | CAN |Maskable Interrupts|Non-Maskable
Part Number Type Size Size | Frequency (MAX.) External | Internal | Interrupts
uPD703264 Mask ROM | 384 KB | 32 KB 20 MHz None None | None 9 60 2
uPD703264Y On-chip
uPD70F3264 Flash None
4PD70F3264Y | memory On-chip
uPD703265 Mask ROM | 512 KB | 40 KB None
uPD703265Y On-chip
uPD703265HY 32 MHz 59
uPD703266 640 KB | 48 KB 20 MHz None 60
uPD703266Y On-chip
uPD703266HY 32 MHz 59
uPD70F3266 Flash 20 MHz None 60
HPD70F3266Y | memory On-chip
uPD70F3266HY 32 MHz 59
uPD703274 Mask ROM | 384 KB | 32 KB 20 MHz None | On-chip 64
uPD703274Y On-chip
uPD70F3274 Flash None
4PD70F3274y | memory On-chip
uPD703275 Mask ROM | 512 KB | 40 KB None
uPD703275Y On-chip
uPD703275HY 32 MHz 63
uPD703276 640 KB | 48 KB 20 MHz None 64
uPD703276Y On-chip
uPD703276HY 32 MHz 63
uPD70F3276 Flash 20 MHz None 64
HPD70F3276Y | memory On-chip
uPD70F3276HY 32 MHz 63
uPD703284 Mask ROM | 384 KB | 32 KB 20 MHz None None | 1ch 64
uPD703284Y On-chip
uPD70F3284 Flash None
HPD70F3284Y | memory On-chip
1PD703285 Mask ROM | 512 KB | 40 KB None
uPD703285Y On-chip
uPD703285HY 32 MHz 63
uPD703286 640 KB | 48 KB 20 MHz None 64
uPD703286Y On-chip
uPD703286HY 32 MHz 63
uPD70F3286 Flash 20 MHz None 64
4PD70F3286Y | memory On-chip
uPD70F3286HY 32 MHz 63
uPD703287 Mask ROM | 512 KB | 40 KB 20 MHz None 2ch 68
uPD703287Y On-chip
uPD703287HY 32 MHz 67
uPD703288 640 KB | 48 KB 20 MHz None 68
uPD703288Y On-chip
uPD703288HY 32 MHz 67
uPD70F3288 Flash 20 MHz None 68
4PD70F3288Y | memory On-chip
uPD70F3286HY 32 MHz 67
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1.2 Features

O Minimum instruction execution time:
VB50ES/SG2: 50 ns (operating with main clock (fxx) = 20 MHz)

<R> V850ES/SG2-H: 31.25 ns (operating with main clock (fxx) = 32 MHz)
O General-purpose registers: 32 bits x 32 registers
O CPU features: Signed multiplication (16 x 16 — 32): 1 to 2 clocks

Signed multiplication (32 x 32 — 64): 1 to 5 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
<R> O Memory space: 64 MB of linear address space (for programs and data)
External expansion: Up to 4 MB
¢ Internal memory: RAM: 24/32/40/48 KB (see Table 1-1)
Mask ROM: 256/384/512/640 KB (see Table 1-1)
Flash memory: 384/640 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
o External wait function
Idle state function
Bus hold function
O Interrupts and exceptions: Non-maskable interrupts: 2 sources

<R> Maskable interrupts: 54/55/58/59 sources (see Table 1-1)
Software exceptions: 32 sources
Exception trap: 2 sources
O I/O lines: I/O ports: 84
O Timer function: 16-bit interval timer M (TMM): 1 channel

16-bit timer/event counter P (TMP): 6 channels
16-bit timer/event counter Q (TMQ): 1 channel
Watch timer: 1 channel
Watchdog timer: 1 channel
O Real-time output port: 6 bits x 1 channel
O Serial interface: Asynchronous serial interface A (UARTA)
3-wire variable-length serial interface B (CSIB)
I’C bus interface (I’C) (I°C bus versions (Y products) only)
UARTA/CSIB: 1 channel
UARTA/I’C: 2 channels
CSIB/I’C: 1 channel

CSiB: 3 channels
O IEBus controller: 1 channel (IEBus controller version only)
O CAN controller: 1 channel (CAN controller version only)
O A/D converter: 10-bit resolution: 12 channels
O D/A converter: 8-bit resolution: 2 channels
O DMA controller: 4 channels
O CRC function: 16-bit error detection codes are generated for data in 8-bit units
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O On-chip debug function: JTAG interface (flash memory version only)
O ROM correction: 4 correction addresses specifiable
O Clock generator: 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 selectable
O Internal oscillation clock: 200 kHz (TYP)
O Power-save functions: HALT/IDLE1/IDLE2/STOP/subclock/sub-IDLE mode
O Package: 100-pin plastic QFP (14 x 20) (V850ES/SG2 only (see 1.4 Ordering Information))
100-pin plastic LQFP (fine pitch) (14 x 14)

1.3 Application Fields

Audio, car audio, consumer devices

User's Manual U16541EJ5V1UD
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<R> 1.4 Ordering Information

(1) V850ES/SG2

Part Number

Package

Internal ROM

1PD703260GC-xxx-8EA-A
H#PD703260GF-xxx-JBT-A
#PD703260YGC-xxx-8EA-A
HuPD703260YGF-xxx-JBT-A
uPD703261GC-xxx-8EA-A
1PD703261GF-xxx-JBT-A
1PD703261YGC-xxx-8EA-A
u#PD703261YGF-xxx-JBT-A
1PD703262GC-xxx-8EA-A
1PD703262YGC-xxx-8EA-A
HuPD703263GC-xxx-8EA-A
1PD703263YGC-xxx-8EA-A
1PD703270GC-xxx-8EA-A
uPD703270GF-xxx-JBT-A
#PD703270YGC-xxx-8EA-A
#PD703270YGF-xxx-JBT-A
uPD703271GC-xxx-8EA-A
1PD703271GF-xxx-JBT-A
1PD703271YGC-xxx-8EA-A
uPD703271YGF-xxx-JBT-A
#PD703272GC-xxx-8EA-A
1PD703272YGC-xxx-8EA-A
uPD703273GC-xxx-8EA-A
1PD703273YGC-xxx-8EA-A
1PD703280GC-xxx-8EA-A
uPD703280YGC-xxx-8EA-A
#PD703281GC-xxx-8EA-A
1PD703281YGC-xxx-8EA-A
HuPD703282GC-xxx-8EA-A
1PD703282YGC-xxx-8EA-A
1PD703283GC-xxx-8EA-A
uPD703283YGC-xxx-8EA-A

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (fine pitch
100-pin plastic LQFP (fine pitch
100-pin plastic LQFP (fine pitch
100-pin plastic LQFP (fine pitch
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)

) (14 x 14)

( ) (
( ) (
( ) (
( ) (
( ) (
100-pin plastic LQFP (fine pitch) (14 x 14)
( ) (
( ) (
( ) (
( ) (
( ) (

14 % 14)
14 % 14)
14 x 14)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)

Remarks 1. xxx indicates ROM code suffix.

2. VB850ES/SG2 microcontrollers are lead-free products.
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256 KB (mask ROM)
256 KB (mask ROM)
256 KB (mask ROM)
256 KB (mask ROM)
384 KB (mask ROM)
384 KB (mask ROM)
384 KB (mask ROM)
384 KB (mask ROM)
512 KB (mask ROM)
512 KB (mask ROM)
640 KB (mask ROM)
640 KB (mask ROM)
256 KB (mask ROM)
256 KB (mask ROM)
256 KB (mask ROM)
256 KB (mask ROM)
384 KB (mask ROM)
384 KB (mask ROM)
384 KB (mask ROM)
384 KB (mask ROM)
512 KB (mask ROM)
512 KB (mask ROM)
640 KB (mask ROM)
640 KB (mask ROM)
256 KB (mask ROM)
256 KB (mask ROM)
384 KB (mask ROM)
384 KB (mask ROM)
512 KB (mask ROM)
512 KB (mask ROM)
640 KB (mask ROM)
640 KB (mask ROM)
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Part Number

Package

Internal ROM

uPD70F3261GC-8EA-A
1PD70F3261GF-JBT-A
4PD70F3261YGC-8EA-A
uPD70F3261YGF-JBT-A
1PD70F3263GC-8EA-A
4PD70F3263YGC-8EA-A
uPD70F3271GC-8EA-A
4PD70F3271GF-JBT-A
4PD70F3271YGC-8EA-A
uPD70F3271YGF-JBT-A
1PD70F3273GC-8EA-A
4PD70F3273YGC-8EA-A
uPD70F3281GC-8EA-A
uPD70F3281YGC-8EA-A
1PD70F3283GC-8EA-A
uPD70F3283YGC-8EA-A

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (fine pitch) (14 x 14
100-pin plastic LQFP (fine pitch) (14 x 14
100-pin plastic LQFP (fine pitch) (14 x 14
100-pin plastic LQFP (fine pitch) (14 x 14
100-pin plastic LQFP (fine pitch) (14 x 14
100-pin plastic LQFP (fine pitch) (14 x 14

PN L N L)

Remark V850ES/SG2 microcontrollers are lead-free products.

(2) V850ES/SG2-H

Part Number

Package

384 KB (flash memory)
384 KB (flash memory)
384 KB (flash memory)
384 KB (flash memory)
640 KB (flash memory)
640 KB (flash memory)
384 KB (flash memory)
384 KB (flash memory)
384 KB (flash memory)
384 KB (flash memory)
640 KB (flash memory)
640 KB (flash memory)
384 KB (flash memory)
384 KB (flash memory)
640 KB (flash memory)
640 KB (flash memory)

Internal ROM

HuPD703262HYGC-xxx-8EA-A
uPD703263HYGC-xxx-8EA-A
uPD703272HYGC-xxx-8EA-A
HuPD703273HYGC-xxx-8EA-A
uPD703282HYGC-xxx-8EA-A
uPD703283HYGC-xxx-8EA-A
UPD70F3263HYGC-8EA-A
uPD70F3273HYGC-8EA-A
uPD70F3283HYGC-8EA-A

100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)

Remarks 1. xxx indicates ROM code suffix.

2. V850ES/SG2 microcontrollers are lead-free products.
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512 KB (mask ROM)
640 KB (mask ROM)
512 KB (mask ROM)
640 KB (mask ROM)
512 KB (mask ROM)
640 KB (mask ROM)
640 KB (flash memory)
640 KB (flash memory)
640 KB (flash memory)
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1.5 Pin Configuration (Top View)
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¢ V850ES/SG2
1PD703260GC-xxx-8EA-A
uPD703260YGC-xxx-8EA-A
#PD703261GC-xxx-8EA-A
1PD703261YGC-xxx-8EA-A
HuPD703262GC-xxx-8EA-A
1PD703262YGC-xxx-8EA-A
1PD703263GC-xxx-8EA-A
uPD703263YGC-xxx-8EA-A
HuPD70F3261GC-8EA-A
HuPD70F3261YGC-8EA-A
uPD70F3263GC-8EA-A
UPD70F3263YGC-8EA-A

¢ V850ES/SG2-H
#PD703262HY GC-xxx-8EA-A
HuPD703263HYGC-xxx-8EA-A
#PD70F3263HYGC-8EA-A

100-pin plastic LQFP (fine pitch) (14 x 14)

1PD703270GC-xxx-8EA-A
uPD703270YGC-xxx-8EA-A
#PD703271GC-xxx-8EA-A
1PD703271YGC-xxx-8EA-A
uPD703272GC-xxx-8EA-A
#PD703272YGC-xxx-8EA-A
1PD703273GC-xxx-8EA-A
uPD703273YGC-xxx-8EA-A
HuPD70F3271GC-8EA-A
#PD70F3271YGC-8EA-A
uPD70F3273GC-8EA-A
UPD70F3273YGC-8EA-A

#PD703272HYGC-xxx-8EA-A
1PD703273HYGC-xxx-8EA-A
uPD70F3273HYGC-8EA-A
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1PD703280GC-xxx-8EA-A
uPD703280YGC-xxx-8EA-A
#PD703281GC-xxx-8EA-A
1PD703281YGC-xxx-8EA-A
uPD703282GC-xxx-8EA-A
1PD703282YGC-xxx-8EA-A
1PD703283GC-xxx-8EA-A
uPD703283YGC-xxx-8EA-A
HuPD70F3281GC-8EA-A
HuPD70F3281YGC-8EA-A
uPD70F3283GC-8EA-A
HuPD70F3283YGC-8EA-A

#PD703282HYGC-xxx-8EA-A
H#PD703283HYGC-xxx-8EA-A
#PD70F3283HYGC-8EA-A
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PDH4/A20 O=—={ 6 70 BVoo
PDH5/A21 O=—>{7 69 BVss
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Voo O—— 9 67 PCT4/RD
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Notes 1. IC:

Directly connect this pin to Vss (mask ROM version only).

FLMDO: Connect these pins to Vss in the normal mode (flash memory version only).
FLMD1: Flash memory version only

NoaebN

Connect the REGC pin to Vssvia a 4.7 uF capacitor.
SCLOO to SCL02 and SDAOO to SDA02 are valid only in the I’C bus version (Y product).
CTXDO0 and CRXDO are valid only in the CAN controller version.
IETXO0 and IERXO are valid only in the IEBus controller version.

DRST, DDI, DDO, DCK, and DMS are valid only in the flash memory version.
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.

8. 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.
9. To use port 7 (P70/ANIO to P711/ANI11) as A/D converter function pins and port I/O pins in mix, be

sure to observe usage cautions (refer to 13.6 (4) Alternate 1/O).
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100-pin plastic QFP (14 x 20)
HuPD703260GF-xxx-JBT-A
uPD703260YGF-xxx-JBT-A
uPD703261GF-xxx-JBT-A
uPD703261YGF-xxx-JBT-A

H#PD703270GF-xxx-JBT-A
uPD703270YGF-xxx-JBT-A
#PD703271GF-xxx-JBT-A
#PD703271YGF-xxx-JBT-A
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uPD70F3271GF-JBT-A
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AVrero O—3 78 [«—=O PDL5/AD5/FLMD1Nete 1
AVss O——4 77 |=—0O PDL4/AD4
P10/ANOQ O=—={5 76 [«—O PDL3/AD3
P11/ANO1 O~—+|6 75 |+—0O PDL2/AD2
AVrer1 O——7 74 |«—O PDL1/AD1
PDH4/A20 O~—|8 73 |=—=0O PDLO/ADO
PDH5/A21 O=—|9 72| ——OBVop
|CNete 1/FLMDQNete ' O——— 10 71 [——OBVss
Voo O—— 11 70 |«—=O PCT6/ASTB
REGCNte20——12 69 [~—O PCT4/RD
Vss O—13 68 [+~—=O PCT1/WR1
X1 O0—|14 67 [+—=O PCTO/WRO
X2 0—{15 66 [+~—O PCM3/HLDRQ
RESET O—(16 65 [+—=O PCM2/HLDAK
XT1 O—=|{17 64 [+~—=O PCM1/CLKOUT
XT20——18 63 |«—=O PCMO/WAIT
P02/NM| O=~—={19 62 [«+—=O PDH3/A19
P0O3/INTPO/ADTRG O=~—+|20 61 [~—=O PDH2/A18
P04/INTP1 O=—»{21 60 [«=—=O P915/A15N' &/INTP6/TIP50/TOP50
PO5/INTP2/DRSTNotes 6,7 Ow—w]22 59 [=—=0O P914/A14N 8/ INTP5/TIP51/TOP51
P06/INTP3 O=—>|23 58 [+—=O P913/A13Nt &/ INTP4
P40/SIB0/SDAQ1Nte 3 O=—»124 57 [+—=0O P912/A12N°'*§/SCKB3
P41/SOB0/SCLO1Note 3 O=—»25 56 |«—=O P911/A11Nete8/SOB3
P42/SCKB0 O=—={26 55 [=—=O P910/A10N**¢/S|B3
P30/TXDA0/SOB4 O=—]27 54 [+—=O P99/A9N°te §/SCKB1
P31/RXDAO/INTP7/SIB4 O~—|28 53 [+—=O P98g/A8N 8/SOB1
P32/ASCKA0/SCKB4/TIP00/TOP00 O=—={29 52 |«—=O P97/A7"°#/S|B1/TIP20/TOP20
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Notes 1. IC:

P34/TIP10/TOP10 O=—|31
P35/TIP11/TOP11 O~—|32
P37/CRXDONete 4/[ERXQNte 5 Ow—~[34
P39/RXDA2/SCLOON*® 2 O=—|38

P38/TXDA2/SDAOON® 3 Ow—n|37
P50/TIQ01/KRO/TOQO01/RTP00 O~—{39
P94/A4N* 8/TIP31/TOP31 O=—>|49
P95/A5N® 8/TIP30/TOP30 O~—=|50

P36/CTXDON 4/[ETX0Nt S Ow—»[33
P51/TIQ02/KR1/TOQ02/RTP01 O=—+]40
P92/A2N® 8/TIP41/TOP41 O=—»|47
P93/A3Nte 8/TIP40/TOP40 O=—|48

P52/TIQ03/KR2/TOQ03/RTP02/DDIN

P53/SIB2/KR3/TIQ00/TOQO0/RTP0O3/DDON®
P54/SOB2/KR4/RTP04/DCKNe

P55/SCKB2/KR5/RTP05/DMSN®
P90/A0N'* 8/KR6/TXDA1/SDA02N
P91/A1Net® 8/KR7/RXDA1/SCLO2N

Directly connect this pin to Vss (mask ROM version only).

FLMDO: Connect these pins to Vss in the normal mode (flash memory version only).
FLMD1: Flash memory version only

Nooaproebd

debug pins.

8. 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.

9. To use port 7 (P70/ANIO to P711/ANI11) as mixed A/D converter function pins and port I/O pins, be
sure to observe usage cautions (refer to 13.6 (4) Alternate 1/O).

Connect the REGC pin to Vssvia a 4.7 uF capacitor.
SCLO00 to SCL0O2 and SDA0O to SDA02 are valid only in the I°C bus version (Y product).
CTXDO0 and CRXDO are valid only in the CAN controller version.
IETXO0 and IERXO are valid only in the IEBus controller version.

DRST, DDI, DDO, DCK, and DMS are valid only in the flash memory version.
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
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Pin names

AO to A21:
ADO to AD15:
ADTRG:

ANIO to ANI11:
ANOO, ANO1:
ASCKAO:
ASTB:

AVRero, AVREF1:
AVss:

BVob:

BVss:
CLKOUT:
CRXDO0:
CTXDO:

DCK:

DDI:

DDO:

DMS:

DRST:

EVob:

EVss:

FLMDO, FLMD1:
HLDAK:

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

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

PCMO to PCM3:
PCTO, PCTH,
PCT4, PCT6:
PDHO to PDH5:
PDLO to PDL15:
RD:

REGC:

RESET:

RTPOO to RTPO5:

RXDAO to RXDA2:
SCKBO to SCKB4:

SCLO0O to SCLO2:
SDAO0O to SDA02:
SIBO to SIB4:
SOBO0 to SOB4:
TIPOO, TIPOT1,
TIP10, TIP11,
TIP20, TIP21,
TIP30, TIP31,
TIP40, TIP41,
TIP50, TIP51,
TIQOO to TIQOS:
TOPO0O, TOPO1,

Port CM

Port CT

Port DH

Port DL

Read strobe
Regulator control
Reset

Real-time output port
Receive data
Serial clock
Serial clock
Serial data
Serial input
Serial output

Timer input

HLDRQ: Hold request TOP10, TOP11,

IC: Internally connected TOP20, TOP21,

IERXO: IEBus receive data TOP30, TOP31,

IETXO0: IEBus transmit data TOP40, TOP41,

INTPO to INTP7: External interrupt input TOP50, TOP51,

KRO to KR7: Key return TOQOO0 to TOQO3: Timer output

NMI: Non-maskable interrupt request ~ TXDAO to TXDA2: Transmit data

P02 to P06: Port 0 Vob: Power supply

P10, P11: Port 1 Vss: Ground

P30 to P39: Port 3 WAIT: Wait

P40 to P42: Port 4 WRO: Lower byte write strobe
P50 to P55: Port 5 WR1: Upper byte write strobe
P70 to P711: Port 7 X1, X2: Crystal for main clock
P90 to P915: Port 9 XT1, XT2: Crystal for subclock
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1.6 Function Block Configuration

1.6.1 Internal block diagram
M1 ROM CPU
INTC K—=4 -
INTPO to INTP7 <_l Instruction
Note 1 PC queue
— H— HLDRQ
TIQO0 to TIQog | 1&oiL tmers | vy 32-bit barel ||| Mutipier L~ HLDAK
TOQO0 to TOQ03 <— 1ch shifter 16x 16 - 32 H— ASTB
H— RD
System BCU [ WAIT
TIPOO to TIP50, — Note2 |<o . WAIT
TIPO1 to TIP51 ——{ 16-bit timer/ — registers — WRO, WR1
TOPOO to TOP50, ——| ~ 6ch Generabpumose A0 to A21
TOPO1 to TOPS51 corF:Sc’\tAion < ||registers 32 bits x 32 ADO to AD15
16-bit interval < ﬁ
timer M: K= DMAC
1ch
5
RTPO0O to RTP05 <—— RTO K= @ ‘ @
| Ports | N —= CLKOUT
T O
25l |= -— XT1
o= =1
SOBO/SCLOTNee3 «—w = o X1
SIBO/SDAOTN? ~—-{CsiBo [Feottoesk— Qroee-ag-Q ‘* o
SCKBO —=— ofoggrooaad —
Cilaggeeege
SOB1 - 25520038888 ~— RESET
SiB1 —~ CSBI K S&I3aa
SCKBT ~—| fEaf
O
a Voo
SOB2 -] S Ly
SIB2 —~ csiB2 K= o Regulator R:GC
SCKB2 ~—+]
SOB3 AD <,‘:I2\|\/l|0 to ANI11 — |CNote 4/ | \DQNote 5
B m— ss
SIB3 —= CSIB3 K— — converter AVReFo FLMD1Netes
SCKB3 ——= ADTRG — BVop
—— BV
TXDAO/SOB4 -] oA | — EvSS
RXDA0/SIB4 ——~{UARTAO| CSIB4 |— [ —— AV o
ASCKAO/SCKB4 == converter |\ ANOO, ANOT — EVss
TXDA1/SDA0N S+t yce ot o ] KO TOUM ke (o o kR7 DRSTMetes!
Note 3 ' :
RXDA1/SCLO02 - T On-chip DMNetes
«—| Watchdog i| debug K=> DDINetes !
timer 2 ' | functionNote s Note5
TXDA2/SDAQON 3 «—0wf UARTA2|rcoohete? k'— H DCKNete :
RXDA2/SCLOON®3 ~—»] : DDONete5
<—> Watch timer ' '
IETXQNote 6 < Note 6 CTXDONote 7
IERXQNtes o] IEBUS™® K= Il cangete? CRXDON7
Notes 1. 256/384/512/640 KB (mask ROM) (see Table 1-1)

384/640 KB (flash memory) (see Table 1-1)

O NSO R D

Mask ROM version only

Flash memory version only
IEBus controller version only
CAN controller version only
V850ES/SG2 only

24/32/40/48 KB (see Table 1-1)
I°C bus version (Y products) only
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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 (16 bits x 16 bits — 32 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 an instruction queue.

ROM

This is a 640/512/384/256 KB mask ROM or flash memory mapped to addresses 0000000H to
009FFFFH/0000000H to 007FFFFH/0000000H to 005FFFFH/0000000H to 003FFFFH. It can be accessed
from the CPU in one clock during instruction fetch.

RAM

This is a 48/40/32/24 KB RAM mapped to addresses 3FF3000H to 3FFEFFFH/3FF5000H to
3FFEFFFH/3FF7000H to 3FFEFFFH/3FF9000H to 3FFEFFFH. It can be accessed from the CPU in one clock
during data access.

Interrupt controller (INTC)

This controller handles hardware interrupt requests (NMI, INTPO to INTP7) from on-chip peripheral hardware
and external hardware. Eight levels of interrupt priorities can be specified for these interrupt requests, and
multiplexed servicing control can be performed.

Clock generator (CG)

A main clock oscillator and subclock oscillator are provided and generate the main clock oscillation frequency
(fx) and subclock frequency (fxT), respectively. There are two modes: In the clock-through mode, fx is used as
the main clock frequency (fxx) as is. In the PLL mode, fxis used multiplied by 4 or 8.

The CPU clock frequency (fcru) can be selected from among fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, and fxT.

Internal oscillator
An internal oscillator is provided on chip. The oscillation frequency is 200 kHz (TYP). The internal oscillator
supplies the clock for watchdog timer 2 and timer M.

Timer/counter
Six-channel 16-bit timer/event counter P (TMP), one-channel 16-bit timer/event counter Q (TMQ), and one-
channel 16-bit interval timer M (TMM), are provided on chip.

Watch timer

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

Serial interface

The V850ES/SG2 and VB50ES/SG2-H include three kinds of serial interfaces: asynchronous serial interface
A (UARTA), 3-wire variable-length serial interface B (CSIB), and an I°C bus interface (I°C).

In the case of UARTA, data is transferred via the TXDAO to TXDA2 pins and RXDAO to RXDA2 pins.

In the case of CSIB, data is transferred via the SOBO to SOB4 pins, SIBO to SIB4 pins, and SCKBO to
SCKB4 pins.

In the case of I’C, data is transferred via the SDAQO to SDA02 and SCL00 to SCLO2 pins.

The I°C is provided only in I°C bus versions (Y Products) (see Table 1-1).

IEBus controller
The IEBus controller is a small-scale digital data transmission system for transferring data between units.
The IEBus controller is provided only in IEBus controller versions (see Table 1-1).

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 CAN controller versions (see Table 1-1).

A/D converter
This 10-bit A/D converter includes 12 analog input pins. Conversion is performed using the successive
approximation method.

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

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

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

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

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.
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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.

On-chip debug function

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).

The on-chip debug function is provided only in flash memory versions.

Ports
The following general-purpose port functions and control pin functions are available.

Port 1{e] Alternate Function
PO 5-bit I/0 NMI, external interrupt, A/D converter trigger, debug reset
P1 2-bit I/0 D/A converter analog output
P3 10-bit I/O External interrupt, serial interface, timer 1/0, CAN data I/O, IEBus data I/O
P4 3-bit 110 Serial interface
P5 6-bit 110 Timer /O, real-time output, key interrupt input, serial interface, debug 1/0
P7 12-bit I/O A/D converter analog input
P9 16-bit 110 External address bus, serial interface, key interrupt input, timer 1/O, external interrupt
PCM 4-bit 110 External control signal
PCT 4-bit I/O External control signal
PDH 6-bit 110 External address bus
PDL 16-bit I/0 External address/data bus
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CHAPTER 2 PIN FUNCTIONS

2.1 List of Pin Functions

<R> The names and functions of the pins in the VB50ES/SG2 and V850ES/SG2-H are described below.
There are four types of pin I/O buffer power supplies: AVrero, AVRer1, BVop, and EVob. The relationship between
these power supplies and the pins is described below.

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

Power Supply Corresponding Pins
AVREFo Port 7
AVREF1 Port 1
BVoo Ports CM, CT, DH (bits 0 to 3), DL
EVop RESET, ports 0, 3 to 5, 9, DH (bits 4, 5)
(1) Port pins
(1/4)
Pin Name Pin No. I/0 Function Alternate Function
GF | GC
P02 19 | 17 | 1/O Port 0 NMI
P03 20 | 18 5-bit /0 port INTPO/ADTRG
o4 o1 19 Input/output can be specified in 1-bit units. INTPA
N-ch open-drain output can be specified in 1-bit units.
Po5"*’ 22 | 20 5V tolerant. INTP2/DRST""*
P06 23 | 21 INTP3
P10 5 3 |I/0 Port 1 ANOO
2-bit 1/0 port
P11 6 | 4 Input/output can be specified in 1-bit units. ANOT
<R> Notes 1. Fix this pin to 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. A pull-down resistor is incorporated. It can be disconnected by clearing the OCDM.OCDMO
bit to 0.

2. Flash memory versions only

Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(2/4)
Pin Name Pin No. 1/0 Function Alternate Function
GF | GC
P30 27 | 25 | 1/O Port 3 TXDAO0/SOB4
P31 28 | 26 10-bit I/O port RXDAO/INTP7/SIB4
Input/output can be specified in 1-bit units.
P32 29 | 27 . e - ASCKA0/SCKB4/TIPO0/TOP00
N-ch open-drain output can be specified in 1-bit units.
P33 30 | 28 5V tolerant. TIPO1/TOPO1
P34 31 29 TIP10/TOP10
P35 32 | 30 TIP11/TOP11
P36 33 | 31 CTXDO"™" IETX0""*
P37 34 | 32 CRXDO0"*/IERX0""*
P38 37 | 35 TXDA2/SDA00™"*
P39 38 | 36 RXDA2/SCL0O0""**
P40 24 | 22 |1/O Port 4 SIB0/SDAO01""*?
3-bit 1/0 port
Note 3
P41 25 | 23 Input/output can be specified in 1-bit units. SOB0/SCLO1
N-ch open-drain output can be specified in 1-bit units. J—
P42 26 | 24 SCKBO
5V tolerant.
P50 39 | 37 | 1/O Port 5 TIQ01/KRO/TOQO1/RTP0O0
P51 40 | 38 6-bit /O port TIQO2/KR1/TOQO2/RTPO1
Input/output can be specified in 1-bit units. N
P52 41 | 39 . e I TIQ03/KR2/TOQO3/RTP02/DDI"**
N-ch open-drain output can be specified in 1-bit units.
P53 42 | 40 5V tolerant. SIB2/KR3/TIQ00/TOQO0/RTPO3/
DDone4
P54 43 | 41 SOB2/KR4/RTP04/DCK"**
P55 44 | 42 SCKB2/KR5/RTP05/DMS"**
P70 2 |[100 | 1/O Port 7 ANIO
Input/output can be specified in 1-bit units.
P72 100 | 98 ANI2
P73 99 | 97 ANI3
P74 98 | 96 ANI4
P75 97 | 95 ANI5
P76 96 | 94 ANI6
P77 95 | 93 ANI7
P78 94 92 ANI8
P79 93 | 91 ANI9
P710 92 | 90 ANI10
P711 91 89 ANI11
Notes 1. CAN controller versions only
2. |EBus controller versions only
3. I’C bus versions (Y products) only
4. Flash memory versions only
Remark GF: 100-pin plastic QFP (14 x 20)

40

GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(3/4)
Pin Name Pin No. I/0 Function Alternate Function
GF | GC
P90 45 | 43 | 1/O Port 9 AO0/KR6/TXDA1/SDA0O2""
P91 46 | 44 16-bit /0 port A1/KR7/RXDA1/SCLO2""
o2 P Input/output ca.n be specified in 1-bit. ynit.s. o A2TIP41/TOP4]
N-ch open-drain output can be specified in 1-bit units.
P93 48 | 46 5V tolerant. A3/TIP40/TOP40
P94 49 | 47 A4/TIP31/TOP31
P95 50 | 48 A5/TIP30/TOP30
P96 51 49 A6/TIP21/TOP21
P97 52 | 50 A7/SIB1/TIP20/TOP20
P98 53 | 51 A8/SOB1
P99 54 | 52 A9/SCKB1
P910 55 | 53 A10/SIB3
P911 56 | 54 A11/SOB3
P912 57 | 55 A12/SCKB3
P913 58 | 56 A13/INTP4
P914 59 | 57 A14/INTP5/TIP51/TOP51
P915 60 | 58 A15/INTP6/TIP50/TOP50
PCMO 63 | 61 |10 Port CM WAIT
PCM1 64 | 62 4-bit /O port CLKOUT
PCM2 o5 | 63 Input/output can be specified in 1-bit units. ODAK
PCM3 66 | 64 HLDRQ
PCTO 67 | 65 |1/O Port CT WRO
PCT1 68 | 66 4-bit 1/0 port WR1
pCT4 09 | &7 Input/output can be specified in 1-bit units. 25
PCT6 70 | 68 ASTB
PDHO 89 | 87 |1/O Port DH A16
PDH1 90 | 88 6-bit 1/O port A17
PDH2 61 | 59 Input/output can be specified in 1-bit units. A8
PDH3 62 | 60 A19
PDH4 8 6 A20
PDH5 9 7 A21
Note I°C bus versions (Y products) only
Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(4/4)
Pin Name Pin No. I/0 Function Alternate Function
GF | GC
PDLO 73 | 71 | I/O Port DL ADO
PDL1 74 | 72 16-bit /O port AD1
PDL2 75 | 73 Input/output can be specified in 1-bit units. AD2
PDL3 76 | 74 AD3
PDL4 77 | 75 AD4
PDL5 78 | 76 AD5/FLMD1"*
PDL6 79 | 77 AD6
PDL7 80 | 78 AD7
PDL8 81 79 AD8
PDL9 82 | 80 AD9
PDL10 83 | 81 AD10
PDL11 84 | 82 AD11
PDL12 85 | 83 AD12
PDL13 86 | 84 AD13
PDL14 87 | 85 AD14
PDL15 88 | 86 AD15
Note Flash memory versions only
Remark GF: 100-pin plastic QFP (14 x 20)

42

GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins

(1/6)
Pin Name Pin No. I/0 Function Alternate Function
GF | GC
A0 45 | 43 | Output | Address bus for external memory P90/KR6/TXDA1/SDA02"""
Al 46 | 44 (when using separate bus) P91/KR7/RXDA1/SCLO2"" "
Port 9 cannot be used as port pins or other alternate-
A2 47 | 45 function pins when the A0 to A15 pins are used in the P92/TIP41/TOPA1
A3 48 | 46 separate bus mode. P93/TIP40/TOP40
Ad 49 | 47 N-ch open-drain output selectable. P94/TIP31/TOP31
A5 50 | 48 5 Vtolerant. P95/TIP30/TOP30
A6 51 | 49 P96/TIP21/TOP21
A7 52 | 50 P97/SIB1/TIP20/TOP20
A8 53 | 51 P98/SOB1
A9 54 | 52 P99/SCKB1
A10 55 | 53 P910/SIB3
A1 56 | 54 P911/SOB3
A12 57 | 55 P912/SCKB3
A13 58 | 56 P913/INTP4
A14 59 | 57 P914/INTP5/TIP51/TOP51
A15 60 | 58 P915/INTP6/TIP50/TOP50
A16 89 | 87 | Output | Address bus for external memory PDHO
A17 90 | 88 PDH1
A18 61 | 59 PDH2
A19 62 | 60 PDH3
A20 8 6 PDH4
A21 PDH5
ADO 73 | 71 |I/O Address bus/data bus for external memory PDLO
AD1 74 | 72 PDL1
AD2 75 | 73 PDL2
AD3 76 | 74 PDL3
AD4 77 | 75 PDL4
AD5 78 | 76 PDL5/FLMD1""*?
AD6 79 | 77 PDL6
AD7 80 | 78 PDL7
AD8 81 79 PDL8
AD9 82 | 80 PDL9
AD10 83 | 81 PDL10
AD11 84 | 82 PDL11
AD12 85 | 83 PDL12
AD13 86 | 84 PDL13
AD14 87 | 85 PDL14
AD15 88 | 86 PDL15
Notes 1. I°C bus versions (Y products) only
2. Flash memory versions only
Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(2/6)
Pin Name Pin No. 1/0 Function Alternate Function
GF | GC
ADTRG 20 | 18 | Input A/D converter external trigger input. 5V tolerant. PO3/INTPO
ANIO 2 [100 | Input Analog voltage input for A/D converter P70
ANN 1 99 P71
ANI2 100 | 98 P72
ANI3 99 | 97 P73
ANI4 98 | 96 P74
ANI5 97 | 95 P75
ANI6 96 | 94 P76
ANI7 95 | 93 P77
ANI8 94 | 92 P78
ANI9 93 | 91 P79
ANI10 92 | 90 P710
ANI11 91 | 89 P711
ANOO Output | Analog voltage output for D/A converter P10
ANO1 P11
ASCKAO 29 | 27 |Input | UARTAO baud rate clock input. 5V tolerant. P32/SCKB4/TIPO0/TOPO0
ASTB 70 | 68 | Output | Address strobe signal output for external memory PCT6
AVrero 3 1 - Reference voltage input for A/D converter/positive power -
supply for port 7
AVReF1 7 5 Reference voltage input for D/A converter/positive power -
supply for port 1
AVss 4 2 - Ground potential for A/D and D/A converters (same -
potential as Vss)
BVoo 72 | 70 - Positive power supply pin for bus interface and alternate- -
function ports
BVss 71 | 69 - Ground potential for bus interface and alternate-function -
ports
CLKOUT 64 | 62 | Output | Internal system clock output PCM1
CRXDO™"' | 34 | 32 |Input | CAN receive data input. 5V tolerant. P37/IERXQ""?
CTXDO™™' | 33 | 31 | Output | CAN transmit data output. P36/IETX0""?
N-ch open-drain output selectable. 5V tolerant.
DCK"*? 43 | 41 | Input Debug clock input. 5V tolerant. P54/SOB2/KR4/RTP04
DDI*? 41 | 39 | Input Debug data input. 5V tolerant. P52/TIQ03/KR2/TOQ03/RTP02
DDO"*** 42 | 40 | Output | Debug data output. P53/SIB2/KR3/TIQ00/TOQ00/
N-ch open-drain output selectable. 5V tolerant. RTPO3
DMS"*? 44 | 42 | Input Debug mode select input. 5V tolerant. P55/SCKB2/KR5/RTP05
DRST"™*? 22 | 20 | Input Debug reset input. 5V tolerant. PO5/INTP2
EVop 36 | 34 - Positive power supply for external (same potential as Vob) -
EVss 35 | 33 - Ground potential for external (same potential as Vss) -
FLMDO™" * | 10 8 | Input Flash memory programming mode setting pin -
FLMD1""® | 78 | 76 PDL5/AD5
Notes 1. CAN controller versions only
2. |EBus controller versions only
3. Flash memory versions only
4. In the on-chip debug mode, high-level output is forcibly set.
Remark GF: 100-pin plastic QFP (14 x 20)
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GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(3/6)
Pin Name Pin No. I/0 Function Alternate Function
GF | GC
HLDAK 65 | 63 | Output | Bus hold acknowledge output PCM2
HLDRQ 66 | 64 | Input Bus hold request input PCM3
[Ohad 10 | 8 - Internally connected -
IERX0"* | 34 | 32 | Input IEBus receive data input. 5V tolerant. P37/CRXD0""*
IETXQ""? 33 | 31 | Output | IEBus transmit data output. P36/CTXDO""*
N-ch open-drain output selectable. 5V tolerant.
INTPO 20 | 18 | Input 5V tolerant. PO3/ADTRG
INTP1 21 | 19 External interrupt request input (maskable, analog noise P04
elimination). —
INTP2 22 | 20 . Lo . . L PO5/DRST™*
Analog noise elimination or digital noise elimination
INTP3 23 | 21 selectable for INTP3 pin. P06
INTP4 58 | 56 5V tolerant. P913/A13
INTP5 59 | 57 P914/A14/TIP51/TOP51
INTP6 60 | 58 P915/A15/TIP50/TOP50
INTP7 28 | 26 P31/RXDA0/SIB4
KRO“** 39 | 37 |Input Key interrupt input (on-chip analog noise eliminator). P50/TIQ01/TOQ01/RTP00
KR1"e® 40 | 38 5V tolerant. P51/TIQ02/TOQ02/RTPO1
KR2"*® 41 | 39 P52/TIQ03/TOQ03/
RTP02/DDI""*
KR3"*® 42 | 40 P53/S1B2/T1Q00/TOQO0/
RTP03/DDO™"*
KR4"** 43 | 41 P54/SOB2/RTP04/DCK"**
KR5"*® 44 | 42 P55/SCKB2/RTP05/DMS"**
KRe""** 45 | 43 P90/AO/TXDA1/SDA02""*
KR7"*® 46 | 44 P91/A1/RXDA1/SCLO2""*
NMIMe? 19 | 17 | Input External interrupt input (non-maskable, analog noise P02
elimination). 5V tolerant.
RD 69 | 67 | Output | Read strobe signal output for external memory PCT4
REGC 12 | 10 - Connection of regulator output stabilization capacitance -
(4.7 uF)
RESET 16 | 14 | Input System reset input -
Notes 1. Mask ROM versions only
2. |EBus controller versions only
3. CAN controller versions only
4. Flash memory versions only
5. Pull this pin up externally.
6. I°C bus versions (Y products) only
7. The NMI pin alternately functions as the P02 pin. It functions as the P02 pin after reset. To enable the NMI
pin, set the PMCO0.PMCO2 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.
Remark GF: 100-pin plastic QFP (14 x 20)

GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(4/6)
Pin Name Pin No. 1/0 Function Alternate Function
GF | GC

RTP0O 39 | 37 | Output | Real-time output port. P50/TIQ01/KRO/TOQO1
RTPO1 40 | 38 N-ch open-drain output selectable. P51/TIQ02/KR1/TOQ02

5V tolerant. o1
RTP02 41 | 39 P52/TIQ03/KR2/TOQ03/DDI"™"*
RTPO3 42 | 40 P53/SIB2/KR3/TIQ00/TOQO00/

DDONolei

RTP04 43 | 41 P54/SOB2/KR4/DCK"*"
RTPO5 44 | 42 P55/SCKB2/KR5/DMS"""
RXDAO 28 | 26 | Input Serial receive data input (UARTAO to UARTA2) P31/INTP7/SIB4
RXDA1 46 | 44 5V tolerant. P91/A1/KR7/SCLO2""?
RXDA2 38 | 36 P39/SCL0O0™"?
SCKBO 26 | 24 |I/O Serial clock I/O (CSIBO to CSIB4) P42
SCKB1 54 | 52 N-ch open-drain output selectable. P99/A9

5V tolerant. oot
SCKB2 44 | 42 P55/KR5/RTP05/DMS™*
SCKB3 57 | 55 P912/A12
SCKB4 29 | 27 P32/ASCKAO/TIP0O0/TOP0OO
ScLoo™** | 38 | 36 | I/O Serial clock 1/0 (I*C00 to I°C02) P39/RXDA2
SCLO1""? o5 | 23 N-ch open-drain output selectable. P41/SOBO

o2 5V tolerant.
ScLo2™* 46 | 44 P91/A1/KR7/RXDA1
SDA00™ ? | 37 | 35 |1/O Serial transmit/receive data 1/0 (I°C00 to I°C02) P38/TXDA2
SDAQ1 "2 o4 | o2 N-ch open-drain output selectable. P40/SIBO
o2 5V tolerant.
SDAOQ2"" 45 | 43 P90/A0/KR6/TXDA1
SIBO 24 | 22 | Input Serial receive data input (CSIB0 to CSIB4) P40/SDA01""?
siB1 52 | 50 5V tolerant. P97/A7/TIP20/TOP20
SiB2 42 | 40 P53/KR3/TIQ00/TOQO00/
RTP03/DDO"™*"

SIB3 55 | 53 P910/A10
SiB4 28 | 26 P31/RXDA0/INTP7
SOBO 25 | 23 | Output | Serial transmit data output (CSIBO to CSIB4) P41/SCLO1""?
SOBH 53 | 51 N-ch open-drain output selectable. P98/A8

5V tolerant. oo 1
SOB2 43 | #1 P54/KR4/RTP04/DCK™"*
SOB3 56 | 54 P911/A11
SOB4 27 | 25 P30/TXDAO

Notes 1. Flash memory versions only

2.

I’C bus versions (Y products) only

Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(5/6)
Pin Name Pin No. 1/0 Function Alternate Function
GF | GC
TIPOO 29 | 27 | Input External event count input/capture trigger input/external P32/ASCKA0/SCKB4/TOP00
trigger input (TMPO).
5V tolerant.
TIPO1 30 | 28 Capture trigger input (TMPO). P33/TOPO1
5V tolerant.
TIP10 31 | 29 External event count input/capture trigger input/external P34/TOP10
trigger input (TMP1).
5V tolerant.
TIP11 32 | 30 Capture trigger input (TMP1). P35/TOP11
5V tolerant.
TIP20 52 | 50 External event count input/capture trigger input/external P97/A7/SIB1/TOP20
trigger input (TMP2).
5V tolerant.
TIP21 51 | 49 Capture trigger input (TMP2). 5V tolerant. P96/A6/TOP21
TIP30 50 | 48 External event count input/capture trigger input/external P95/A5/TOP30
trigger input (TMP3).
5V tolerant.
TIP31 49 | 47 Capture trigger input (TMP3). P94/A4/TOP31
5V tolerant.
TIP40 48 | 46 External event count input/capture trigger input/external P93/A3/TOP40
trigger input (TMP4).
5V tolerant.
TIP41 47 | 45 Capture trigger input (TMP4). P92/A2/TOP41
5V tolerant.
TIP50 60 | 58 External event count input/capture trigger input/external P915/A15/INTP6/TOP50
trigger input (TMP5).
5V tolerant.
TIP51 59 | 57 Capture trigger input (TMP5). P914/A14/INTP5/TOP51
5V tolerant.
TIQO0 42 | 40 | Input External event count input/capture trigger input/external P53/SIB2/KR3/TOQ00/RTP03
trigger input (TMQO). /DDO™*
5V tolerant.
TIQO1 39 | 37 Capture trigger input (TMQO). P50/KR0O/TOQ01/RTP0O0
TIQO2 40 | 38 5V tolerant. P51/KR1/TOQ02/RTPO1
TIQO03 41 | 39 P52/KR2/TOQ03/RTP02/DDI""

Note Flash memory versions only

Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(6/6)
Pin Name Pin No. I/0 Function Alternate Function
GF | GC
TOP0O 29 | 27 | Output | Timer output (TMPO) P32/ASCKAO/SCKB4/TIP0OO
TOPO1 30 | 28 N-ch open-drain output selectable. 5V tolerant. P33/TIPO1
TOP10 31 | 29 Timer output (TMP1) P34/TIP10
TOP11 32 | 30 N-ch open-drain output selectable. 5V tolerant. P35/TIP11
TOP20 52 | 50 Timer output (TMP2) P97/A7/SIB1/TIP20
TOP21 51 | 49 N-ch open-drain output selectable. 5V tolerant. P96/AG/TIP21
TOP30 50 | 48 Timer output (TMP3) P95/A5/TIP30
TOP31 49 | 47 N-ch open-drain output selectable. 5V tolerant. P94/A4/TIP31
TOP40 48 | 46 Timer output (TMP4) P93/A3/TIP40
TOP41 47 | 45 N-ch open-drain output selectable. 5V tolerant. P92/A2/TIP41
TOP50 60 | 58 Timer output (TMP5) P915/A15/INTP6/TIP50
TOP51 59 | 57 N-ch open-drain output selectable. 5V tolerant. P914/A14/INTP5/TIP51
TOQO0 42 | 40 | Output | Timer output (TMQO) P53/SIB2/KR3/TIQ00/RTPO3/
N-ch open-drain output selectable. 5V tolerant. DDO"™ !
TOQO1 39 | 37 P50/TIQ01/KRO/RTP0O0
TOQO2 40 | 38 P51/TIQ02/KR1/RTPO1
TOQO3 41 | 39 P52/TIQ03/KR2/RTP02/DDI"""
TXDAO 27 | 25 | Output | Serial transmit data output (UARTAO to UARTA2) P30/SOB4
TXDA1 45 | 43 N-ch open-drain output selectable. P90/A0/KRE/SDAQ2""?
TXDA2 37 | 35 5 Vtolerant P38/SDA00""
Voo 11 9 - Positive power supply pin for internal -
Vss 13 | 11 - Ground potential for internal -
WAIT 63 | 61 | Input External wait input PCMO
WRO 67 | 65 | Output | Write strobe for external memory (lower 8 bits) PCTO
WR1 68 | 66 Write strove for external memory (higher 8 bits) PCT1
X1 14 | 12 | Input Connection of resonator for main clock -
X2 15 | 13 - -
XT1 17 | 15 | Input Connection of resonator for subclock -
XT2 18 | 16 - -
Notes 1. Flash memory versions only

2. I’C bus versions (Y products) only

Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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2.2 Pin States

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

Table 2-2. Pin Operation States in Various Modes

Pin Name During Reset | During Reset | HALT Mode™** | IDLE1, IDLE2, STOP Idle Bus Hold
(Immediately (Except Sub-IDLE Mode"** | State"™"*
After Power Immediately Mode"**?
Is Turned On) | After Power Is
Turned On)

P0O5/DRST""* Pulled down | Pulled down"**® Held Held Held Held Held
P10/ANOO, Undefined"™" Hi-Z Held Held Note 11 Held Held
P11/ANO1
P53/DDO""* Hi-Z""°* Held Held Held Held Held
ADO to AD15 Hi-Z""’ Hi-Z"" Notes 8,9 Hi-Z Hi-Z Held Hi-Z
A0 to A15 Undefined"* ™
A16 to A21 Undefined""*®
WAIT - - - - -
CLKOUT Operating Operating Operating
WRO0, WR1 Hee® H H H Hi-Z
RD
ASTB
HLDAK Operating"**® L
HLDRQ - - - Operating
Other port pins Hi-Z Hi-Z Held Held Held Held Held

Notes 1.

2. Operates while an alternate function is operating.

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

3. 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.

4. Flash memory versions only

5. Pulled down during external reset. During internal reset by the watchdog timer, clock monitor, etc., the

state of this pin differs according to the OCDM.OCDMO bit setting.
6. DDO output is specified in the on-chip debug mode.

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

8. Operates even in the HALT mode, during DMA operation.

9. In separate bus mode:

Hi-Z

In multiplexed bus mode: Undefined

10. In separate bus mode
11. In port mode:

Held

When alternate function is used: Hi-Z

Remark

Hi-Z: High impedance

Held: The state during the immediately preceding external bus cycle is held.

L:
H:

Low-level output

High-level output
Input without sampling (not acknowledged)
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2.3 Pin I/O Circuit Types, I/O Buffer Power Supplies, and Connection of Unused Pins

(1/3)
Pin Alternate Function Pin No. I/O Circuit Recommended Connection
GF GC Type
P02 NMI 19 17 10-D Input:  Independently connect to EVop or EVss
PO3 INTPO/ADTRG 20 18 via a resistor.
Output: Leave open.
P04 INTP1 21 19
P05 INTP2/DRST"*" 22 20 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 23 21 10-D Input:  Independently connect to EVop or EVss
via a resistor.
Output: Leave open.
P10, P11 ANOO, ANO1 5,6 3,4 12-D Input:  Independently connect to AVrer1 or AVss
via a resistor.
Output:Leave open.
P30 TXDAO/SOB4 27 25 10-G Input:  Independently connect to EVop or EVss
P31 RXDAO/INTP7/SIB4 28 26 10-D via a resistor.
JR— Output: Leave open.
P32 ASCKAO0/SCKB4/TIP00 29 27
P33 TIPO1/TOPO1 30 28
P34 TIP10/TOP10 31 29
P35 TIP11/TOP11 32 30
P36 CTXDO" *IETXQ""* 33 31 10-G
P37 CRXDO"™™ */IERXQ""* 34 32 10-D
P38 TXDA2/SDAQQ™"** 37 35
P39 RXDA2/SCLOQ""* 38 36
P40 SIBO/SDAO1"** 24 22
P41 SOBO0/SCLO1"** 25 23
P42 SCKBO 26 24
Notes 1. Flash memory versions only
2. CAN controller versions only
3. |EBus controller versions only
4. [I°C bus versions (Y products) only
Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(2/3)
Pin Alternate Function Pin No. 1/0 Circuit Recommended Connection
GF GC Type
P50 TIQ01/KRO/TOQO1/RTP0O0 39 37 10-D Input:  Independently connect to EVoo or EVss
P51 TIQO2/KR1/TOQ02/RTPO1 40 38 via a resistor.
Output: Leave open.
P52 TIQ03/KR2/TOQO3/RTP02/ 41 39
DDINole1
P53 SIB2/KR3/T1IQ00/TOQ00/ 42 40
RTP03/DDO™*'
P54 SOB2/KR4/RTP04/DCK""" 43 41
P55 SCKB2/KR5/RTPO5/ 44 42
DMsNo!e1
P70 to P711 ANIO to ANI11 2,1, [100to89| 11-G Input:  Independently connect to AVrero or AVss
100 to 91 via a resistor.
Output: Leave open.
P90 AO/KR6/TDXA1/SDA02""** 45 43 10-D Input:  Independently connect to EVop or EVss
P91 A1/KR7/RXDA1/SCL02""*? 46 44 via a resistor.
Output: Leave open.
P92 A2/TIP41/TOP41 47 45
P93 A3/TIP40/TOP40 48 46
P94 A4/TIP31/TOP31 49 47
P95 A5/TIP30/TOP30 50 48
P96 A6/TIP21/TOP21 51 49
P97 A7/SIB1/TIP20/TOP20 52 50
<R> P98 A8/SOBH1 53 51 10-G
P99 A9/SCKB1 54 52 10-D
P910 A10/SIB3 55 53
<R> P911 A11/SOB3 56 54 10-G
P912 A12/SCKB3 57 55 10-D
P913 A13/INTP4 58 56
P914 A14/INTP5/TIP51/TOP51 59 57
P915 A15/INTP6/TIP50/TOP50 60 58

Notes 1. Flash memory versions only
2. I°C bus versions (Y products) only

Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(3/3)
Pin Alternate Function Pin No. I/0 Circuit Recommended Connection
GF GC Type
PCMO WAIT 63 61 5 Input:  Independently connect to BVoo or BVss
PCM1 CLKOUT 64 62 via a resistor.
POM2 TIDAK o5 3 Output: Leave open.
PCM3 HLDRQ 66 64
PCTO, PCT1 | WRO, WR1 67,68 | 65,66
PCT4 RD 69 67
PCT6 ASTB 70 68
PDHO to PDH3 | A16 to A19 89,90, | 87, 88,
61,62 | 59,60
PDH4, PDH5 A20, A21 8,9 6,7 Input:  Independently connect to EVop or EVss
via a resistor.
Qutput: Leave open.
PDLO to PDL4 | ADO to AD4 73 to 71 to Input:  Independently connect to BVoo or BVss
77 75 via a resistor.
PDL5 ADS5/FLMD1"*" 78 76 Output: Leave open.
PDL6 to PDL15 | AD6-AD15 79 to 77 to
88 86
AVrero - 3 1 - Directly connect to Voo and always supply power.
AVREF1 - 7 5 - Directly connect to Voo and always supply power.
AVss - 4 2 - Directly connect to Vss and always supply power.
BVop - 72 70 - Directly connect to Voo and always supply power.
BVss - 71 69 - Directly connect to Vss and always supply power.
EVoo - 36 34 - -
EVss - 35 33 - -
FLMDO""" - 10 8 - Directly connect to Vss in a mode other than the
flash memory programming mode.
ICMe? - 10 8 - Directly connect to Vss.
REGC - 12 10 - Connect regulator output stabilization capacitance
(4.7 uF).
RESET - 16 14 2 -
Voo - 11 9 - -
Vss - 13 11 - -
X1 - 14 12 - -
X2 - 15 13 - -
XT1 - 17 15 16 Connect to Vss.
XT2 - 18 16 16 Leave open.
Notes 1. Flash memory versions only

2. Mask ROM versions only

Remark

GF: 100-pin plastic QFP (14 x 20)

GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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Figure 2-1. Pin I/O Circuits

Type 2 Type 10-N
EVop
Data ——
INO /] :[)o—| P-ch
—O
IN/OUT
Open drai IN/OUT
Output [=—N-ch
Schmitt-triggered input with hysteresis characteristics disable
Note EVss
>
Type enable
EVoo/BVop OCDMO bit
Type 11-G
Output N-ch
disable AVrero
EVss/BVss Data 4‘:D—| P-ch
——O
Input IN/OUT
enable Output
disable
Type 10-D AVss
EVoo
Comparator P-ch
Data P-ch if ‘ )
a: 17
Open drain INJOUT AVrero AV
Output «—N-ch (Threshold voltage) ss
- N SR
Note EVss Input enable
=
Input Type 12-D
enable AVREeF1
Type 10-G Data :D>_| lg‘
EVoo
IN/OUT
Output
Data P-ch disable
. o AVss
Open drain IN/OUT W
Output - Non enable P-ch J—
disable
Analog output voltage
EVss N-ch +
enable Type 16
Feedback cut-off
P-ch
O
XT1 XT2

Note Hysteresis characteristics are not available in port mode.
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2.4 Cautions

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

e P10/ANOO pin
e P11/ANOT1 pin
 P53/SIB2/KR3/TIQ00/TOQ00/RTP0O3/DDO™" pin

Note The DDO pin is provided only in the flash memory versions.
<R> (2) Cautions on FLMDO pin
To accurately start the user program operation, fix the FLMDO pin to low level from when the reset status has

been released until the oscillation stabilization time elapses and the firmware operation is completed. For
details of firmware operation, see 25.3.5 (2) Firmware operation (flash memory version only).
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<R> The CPU of the V850ES/SG2 and V850ES/SG2-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:
VB850ES/SG2: 50 ns (operating with main clock (fxx) = 20 MHz)
<R> V850ES/SG2-H: 31.25 ns (operating with main clock (fxx) = 32 MHz)
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
e CLR1
* NOT1
¢ TST1
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3.2 CPU Register Set

<R> The registers of the VB50ES/SG2 and V850ES/SG2-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 VB50ES 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)
5 (Text pointer (TP))

6
r7

| ECR (Interrupt source register) |

8 |
r9
r10
r11
r12
r13
r14
r15
r16
17 CTBP  (CALLT base pointer) |
r18

r19

r20

r21

r22

r23

r24

r25

r26

r27

r28

r29

r30 (Element pointer (EP))
r31 (Link pointer (LP))

PSW (Program status word) |

CTPC  (CALLT execution status saving register)

CTPSW (CALLT execution status saving register)

DBPC  (Exception/debug trap status saving register)

DBPSW (Exception/debug trap status saving register)

31 0
| PC (Program counter)
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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. Program 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
PC Program counter Holds the instruction address during program execution

Remark For further 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 32 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 0 is fixed to 0. This means that execution cannot branch to an odd address.

PC

31 2625
LI B T

Fixed to 0

Instruction address during program execution

N B N I B I B B
Default value

00000000H

o
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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)"*" v v
1 Interrupt status saving register (EIPSW)"*’ \ v
2 NMI status saving register (FEPC)""" \ v
3 NMI status saving register (FEPSW)"" \ v
4 Interrupt source register (ECR) X v
5 Program status word (PSW) \ N
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) v v
17 CALLT execution status saving register (CTPSW) v v
18 Exception/debug trap status saving register (DBPC) Nete Nete2
19 Exception/debug trap status saving register (DBPSW) Nete Nete
20 CALLT base pointer (CTBP) R v
21to 31 | Reserved for future function expansion (operation is not guaranteed if these X X
registers are accessed)
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 execution and 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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(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 22.8
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.

EIPC

EIPSW

31 2625 0
I B O Y B B B
0 0 (Contents of saved PC)
31 8 7 0
T T T T T 1
(Contents of
0 0|0 o|o0j0|0|0|0O|O|0O|O(O|O|O]|O saved PSW)

Default value
OXXXXXXXH
(x: Undefined)

Default value
000000xxH
(x: Undefined)
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(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

L L L L L L Default value
FEPC o/ololo|o|0 (Contents of saved PC)

OxxxxxxxH
(x: Undefined)

31 8 7 0

1 1 1 1 11

(Contents of Default value
FEPSW ojo|o|j0|0f0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O saved PSW) 000000xxH

(x: Undefined)

(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
con T 1T T 1 11 \FE\CC\ I B I I T T T 11 \EI\CC\ T 1T T 1 11 Default value
00000000H
Bit position Bit name Meaning
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 e
Default value
PSW RFU NP|EP|ID [SAT|ICY|OV|S | Z 00000020H
Bit position Flag name Meaning
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 o' Indicates whether an overflow occurs during operation.
0: Overflow does not occur.
1: Overflow occurs.

1 ghee 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)

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 7FFFFFFFH
Maximum negative value is exceeded 1 1 80000000H
Positive (maximum value is not exceeded) Holds value 0 Operation result itself
Negative (maximum value is not exceeded) before operation

(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).

CTPC

CTPSW

31 2625 0
T T 1 1 1
Default value
0 0/0 (Saved PC contents) 0x000KxH
(x: Undefined)
31 0
(Saved PSW Default value
0 0|0|0 o|ojo|0(0O|0O|0O|O|0O|O|OfO|O|O]|O contents) 000000xxH
(x: Undefined)
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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 DBRET instruction execution.

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]|0O (Saved PC contents) 0x0000xH

(x: Undefined)

31 8 7 0
T T T T T 1
(Saved PSW Default value
DBPSW o|o|joj0|0|0|0O|0O|O|O(0O|O|O|O|O|O|O|O|O|O|O|O|O]|O contents) 000000s0cH
(x: Undefined)

(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
!

T T T T T T T T T T 1 T T T T T T T T T 111
Default value
CTBP 0/0|0|0|0]|0 (Base address) 0 N

(x: Undefined)

Users Manual U16541EJ5V1UD 63




CHAPTER 3 CPU FUNCTION

3.3 Operation Modes
<R> The V850ES/SG2 and V850ES/SG2-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.
<R> The following products are on-chip flash memory versions of the V850ES/SG2 and V850ES/SG2-H.

<R> o 4PD70F3261, 70F3261Y, 70F3263, 70F3263Y, 70F3271, 70F3271Y, 70F3273, 70F3273Y, 70F3281,
70F3281Y, 70F3283, 70F3283Y, 70F3263HY, 70F3273HY, 70F3283HY

(3) On-chip debug mode
The VB50ES/SG2 and V850ES/SG2-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.
The on-chip debug function is provided only in the flash memory versions.
For details, see CHAPTER 31 ON-CHIP DEBUG FUNCTION.

3.3.1 Specifying operation mode
Specify the operation mode by using the FLMDO and FLMD1 pins.
<R> In the normal mode, input a low level to the FLMDO/IC pin after the reset status has been released and before the
oscillation stabilization time expires and the firmware operation is completed.
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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3.4 Address Space

3.4.1

CPU address space

For instruction addressing, up to a combined total of 16 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 l'. ‘\‘
I‘. \ Data space
PR Peripheral I/O area
Program space W
e
Use-prohibited area Image 1

Internal RAM area

Internal RAM area

Programmable peripheral
\ I/O area or
Use-prohibited area

use-prohibited area

64 MB

64 MB

Image 0 k External memory area
External memory area
16 MB

Internal ROM area
(external memory area)

Internal ROM area
(external memory area)

Caution Only the programmable peripheral I/O area is seen as images of 256 MB each in the 4 GB
address space.
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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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CHAPTER 3 CPU FUNCTION

<R> The areas shown below are reserved in the VB50ES/SG2 and V850ES/SG2-H.
Figure 3-2. Data Memory Map (Physical Addresses)
03FFFFFFH On-chip peripheral I/0 area 03FFFFFFH
(4 KB) 03FFFOOOH
(80 KB) 03FFEFFFH
03FecooOHY}{ .
03FEBFFFH Internal RAM area
(60 KB)
\ 03FF0000H
Use prohibited \ Use prohibitedNete ! O3FEFFFFH
\ 03FEFO0O0O0OH
‘-‘ 03FEEFFFH
| Programmable peripheral
v 1/O areaN°®2 or
! use prohibitedNete3
01000000H L 03FECO000H
00FFFFFFH
External memory area
(14 MB)
ST 001FFFFFH
External memory area
v (1 MB)
00200000H} ) . K 00100000H
001FFFFFH 000FFFFFH
Internal ROM areaN°t® 4
(2 MB) (1 MB)
ooooocoOHL 1
Notes 1.

256 MB unit.

same area as the on-chip peripheral I/O area.

version without a CAN controller is prohibited.

User's Manual U16541EJ5V1UD

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 03FECO000H to 03FEC5FFH are allocated to addresses 03FEC0O00H to O3FEEFFFH of

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

4. Fetch access and read access to addresses 00000000H to 000FFFFFH is made to the internal ROM
area. However, data write access to these addresses is made to the external memory area.

00000000H
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Figure 3-3. Program Memory Map

03FFFFFFH

03FFFO00H
03FFEFFFH

03FF0000H
03FEFFFFH

01000000H
00FFFFFFH

00200000H
001FFFFFH
1 H

00100000
000FFFFFH
00000000H

Use prohibited
(program fetch prohibited area)

Internal RAM area (60 KB)

Use prohibited
(program fetch prohibited area)

External memory area
(14 MB)

External memory area

Internal ROM area
(1 MB)
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3.44 Areas

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

(a) Internal ROM (256 KB)
256 KB mask ROM is allocated to addresses 00000000H to 0003FFFFH in the following versions.
Accessing addresses 00040000H to 000FFFFFH is prohibited.

e 14PD703260, 703260Y, 703270, 703270Y, 703280, 703280Y

Figure 3-4. Internal ROM Area (256 KB)

0O00FFFFFH

a Access-prohibited

T area
00040000H
0003FFFFH

Internal ROM
(256 KB)

00000000H

(b) Internal ROM (384 KB)

384 KB mask ROM or flash memory is allocated to addresses 00000000H to 0005FFFFH in the following
versions.

Accessing addresses 00060000H to 000FFFFFH is prohibited.

e 14PD703261, 703261Y, 703271, 703271Y, 703281, 703281Y, 70F3261, 70F3261Y, 70F3271, 70F3271Y,
70F3281, 70F3281Y

Figure 3-5. Internal ROM Area (384 KB)

000FFFFFH

1. Access-prohibited 1.

7] area 7]
00060000H
0005FFFFH

Internal ROM
(384 KB)

00000000H
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(c) Internal ROM (512 KB)
512 KB mask ROM is allocated to addresses 00000000H to 0007FFFFH in the following versions.
Accessing addresses 00080000H to 000FFFFFH is prohibited.

<R> o 14PD703262, 703262Y, 703272, 703272Y, 703282, 703282Y, 703262HY, 703272HY, 703282HY

Figure 3-6. Internal ROM Area (512 KB)

000FFFFFH

=~ Access-prohibited ==

area
00080000H

0007FFFFH

Internal ROM
(512 KB)

00000000H

(d) Internal ROM (640 KB)
640 KB mask ROM or flash memory is allocated to addresses 00000000H to 0009FFFFH in the following

versions.
Accessing addresses 000A0000H to 000FFFFFH is prohibited.

<R> e 1PD703263, 703263Y, 703273, 703273Y, 703283, 703283Y, 70F3263, 70F3263Y, 70F3273, 70F3273Y,
70F3283, 70F3283Y, 703263HY, 703273HY, 703283HY, 70F3263HY, 70F3273HY, 70F3283HY

Figure 3-7. Internal ROM Area (640 KB)

I |
ooOFFFFFHJ: Access-prohibited £
000A0000H area
0009FFFFH
Internal ROM
(640 KB)
00000000H
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(2) Internal RAM area

Up to 60 KB are reserved as the internal RAM area.

(a) Internal RAM (24 KB)

24 KB RAM is allocated to addresses 03FF9000H to 03FFEFFFH of the following versions.

Accessing addresses 03FFO000H to 03FF8FFFH is prohibited.

e 14PD703260, 703260Y, 703270, 703270Y, 703280, 703280Y

Figure 3-8. Internal RAM Area (24 KB)

Physical address space

03FFEFFFH

03FF9000H
03FF8FFFH

03FFO0000H

Internal RAM
(24 KB)

Access-prohibited
area

Logical address space

FFFFEFFFH

FFFF9000H
FFFF8FFFH

FFFFOOOOH

(b) Internal RAM (32 KB)

32 KB RAM is allocated to addresses 03FF7000H to 03FFEFFFH of the following versions.

Accessing addresses 03FFO000H to 03FF6FFFH is prohibited.

e 14PD703261, 703261Y, 703271, 703271Y, 703281, 703281Y, 70F3261, 70F3261Y, 70F3271, 70F3271Y,

70F3281, 70F3281Y

Figure 3-9. Internal RAM Area (32 KB)

Physical address space

03FFEFFFH

03FF7000H
03FF6FFFH

03FFO0000H

Internal RAM
(32 KB)

Access-prohibited
area

Logical address space

FFFFEFFFH

FFFF7000H
FFFF6FFFH

FFFF0000H
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(c) Internal RAM (40 KB)

40 KB RAM is allocated to addresses 03FF5000H to 03FFEFFFH of the following versions.
Accessing addresses 03FFO000H to 03FF4FFFH is prohibited.

e 14PD703262, 703262Y, 703272, 703272Y, 703282, 703282Y, 703262HY, 703272HY, 703282HY

Figure 3-10. Internal RAM Area (40 KB)

Physical address space

03FFEFFFH

03FF5000H
03FF4FFFH

03FFOO000OH

Internal RAM
(40 KB)

Access-prohibited
area

Logical address space

FFFFEFFFH

FFFF5000H
FFFF4FFFH

FFFFOOOOH

(d) Internal RAM (48 KB)

48 KB RAM is allocated to addresses 03FF3000H to 03FFEFFFH of the following versions.
Accessing addresses 03FFO000H to 03FF2FFFH is prohibited.

e 14PD703263, 703263Y, 703273, 703273Y, 703283, 703283Y, 70F3263, 70F3263Y, 70F3273,
70F3273Y, 70F3283, 70F3283Y, 703263HY, 703273HY, 703283HY, 70F3263HY, 70F3273HY,

70F3283HY

Figure 3-11. Internal RAM Area (48 KB)

Physical address space

03FFEFFFH

03FF3000H
03FF2FFFH

03FFO0000H

Internal RAM
(48 KB)

Access-prohibited
area

Logical address space

FFFFEFFFH

FFFF3000H
FFFF2FFFH

FFFFO0000H
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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 3-12. On-Chip Peripheral I/O Area

Physical address space Logical address space

03FFFFFFH FFFFFFFFH

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

03FFF000H FFFFFO0OH

Peripheral 1/0O registers that have functions to specify the operation mode for and monitor the status of the on-
chip peripheral /0 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.
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(4) Programmable peripheral I/O area
Cautions 1. The programmable peripheral /0O 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 03FEC000H to 03FEEFFFH are reserved as the programmable peripheral I/0O area.

Figure 3-13. Programmable Peripheral I/O Area

03FEEFFFH
Programmable peripheral
I/O area
(12 KB)
03FECO000H

(5) External memory area

15 MB (00100000H to O0FFFFFFH) are allocated as the external memory area. For details, see CHAPTER 5
BUS CONTROL FUNCTION.

<R> Caution The V850ES/SG2 and V850ES/SG2-H have 22 address pins (A0 to A21), so the external

memory area appears as a repeated 4 MB image. When A20 and A21 pins are used, it is
necessary to set that EVpp = BVob = Vob.
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3.4.5 Recommended use of address space

The architecture of the V850ES/SG2 and V850ES/SG2-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
132 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 following addresses.

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 I/O area does not occur.

RAM Size Access Address
48 KB 03FF3000H to 03FFEFFFH
40 KB 03FF5000H to 03FFEFFFH
32 KB 03FF7000H to 03FFEFFFH
24 KB 03FF9000H to 03FFEFFFH

(2) Data space
With the VB50ES/SG2 and V850ES/SG2-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.
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(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 4PD703261Y

00007FFFH
Internal ROM area 32 KB

(R=) 00000000H
FFFFFFFFH | On-chip peripheral

4 KB
FFFFFOOOH /O area
FFFFEFFFH
Internal RAM area 28 KB
FFFF8000H
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Figure 3-14. Recommended Memory Map

Program space Data space

FFFFFFFFH

On-chip .
peripheral 1/0 R

FFFFFO0OH N
FFFFEFFFH )

Internal RAM b

FFFFO000H -
FFFEFFFFH N

On-chip
peripheral 1/0

M

)]

((
(

Internal RAM

04000000H | .
03FFFFFFH

N

Use prohibited

03FFF000H
03FFEFFFH

Internal RAM
03FF3000H
03FF2FFFH

03FF0000H
03FEFFFFH

Use prohibited"°*

Use prohibited
Program space A

64 MB -

01000000H el
00FFFFFFH

External
memory

External /
memory /.

Internal ROM

ococococo
ocococoo
[Sl=T=Y= N
ocorTo
oToTo
oToTo
oTono
oTmoTno
ITITTITT

""""""""" ---71.1"Internal ROM | ./

FFFFFFFFH

FFFFFOO0OH
FFFFEFFFH

mmm™m
mm T
MM T
m—m T
Mo D w
mo Mo
mo Mo
Mmoo Mo
ITTITXT

00100000H
000FFFFFH

00000000H

Note 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 of the 4PD703263HY.
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3.4.6 Peripheral I/O registers

(1/11)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFFO04H Port DL register PDL R/W N | 0000H"""
FFFFFO04H | Port DL register L PDLL v S 0oH"""
FFFFFOO5H | Port DL register H PDLH v S 0oH"""
FFFFFO06H Port DH register PDH v S 0oH"""
FFFFFOOAH Port CT register PCT v S 0oH"""
FFFFFOOCH Port CM register PCM v S 0oH"""
FFFFF024H Port DL mode register PMDL N | FFFFH
FFFFF024H | Port DL mode register L PMDLL v \ FFH
FFFFF025H | Port DL mode register H PMDLH v \ FFH
FFFFF026H Port DH mode register PMDH v S FFH
FFFFFO2AH Port CT mode register PMCT v S FFH
FFFFFO2CH Port CM mode register PMCM v S FFH
FFFFF044H Port DL mode control register PMCDL \' | 0000H
FFFFF044H | Port DL mode control register L PMCDLL N 00H
FFFFF045H | Port DL mode control register H PMCDLH N 00H
FFFFF046H Port DH mode control register PMCDH v \ 00H
FFFFFO4AH Port CT mode control register PMCCT v \ 00H
FFFFFO4CH Port CM mode control register PMCCM v S 00H
FFFFF064H Peripheral I/0 area select control register BPC""? N | 0000H
FFFFFO66H Bus size configuration register BSC \ | 5555H
FFFFFO6EH System wait control register VSWC S 77H
FFFFFO80H DMA source address register OL DSAOL v | Undefined
FFFFFO82H DMA source address register OH DSAOH v | Undefined
FFFFF084H DMA destination address register OL DDAOL \ | Undefined
FFFFFO86H DMA destination address register OH DDAOH \ | Undefined
FFFFFO88H DMA source address register 1L DSA1L v | Undefined
FFFFFO8AH DMA source address register 1H DSA1H v | Undefined
FFFFFO8CH DMA destination address register 1L DDA1L v | Undefined
FFFFFO8EH DMA destination address register 1H DDA1H v | Undefined
FFFFFO90H DMA source address register 2L DSA2L v | Undefined
FFFFFO92H DMA source address register 2H DSA2H v | Undefined
FFFFF094H DMA destination address register 2L DDA2L \ | Undefined
FFFFFO96H DMA destination address register 2H DDA2H \ | 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 DBC1 v | Undefined
FFFFFOC4H DMA transfer count register 2 DBC2 \ | Undefined

Notes 1. The output latch is 00H or 0000H. When these registers are in the input mode, the pin statuses are read.

2. CAN controller versions only
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(2/11)
Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFFOC6H DMA transfer count register 3 DBC3 R/W v | Undefined
FFFFFODOH DMA addressing control register 0 DADCO v | 0000H
FFFFFOD2H DMA addressing control register 1 DADCA1 \ | 0000H
FFFFFOD4H DMA addressing control register 2 DADC2 v | 0000H
FFFFFOD6H DMA addressing control register 3 DADC3 \' | 0000H
FFFFFOEOH DMA channel control register 0 DCHCO \ N 00H
FFFFFOE2H DMA channel control register 1 DCHC1 N v 00H
FFFFFOE4H DMA channel control register 2 DCHC2 \ N O0H
FFFFFOE6H DMA channel control register 3 DCHC3 N v 00H
FFFFF100H Interrupt mask register 0 IMRO v | FFFFH
FFFFF100H | Interrupt mask register OL IMROL N v FFH
FFFFF101H | Interrupt mask register OH IMROH \ N FFH
FFFFF102H Interrupt mask register 1 IMR1 V| FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L v FFH
FFFFF103H | Interrupt mask register 1H IMR1H \ N FFH
FFFFF104H Interrupt mask register 2 IMR2 \ | FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L \ N FFH
FFFFF105H | Interrupt mask register 2H IMR2H v v FFH
FFFFF106H Interrupt mask register 3 IMR3 \ | FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L N v FFH
FFFFF107H | Interrupt mask register 3H IMR3H \ N FFH
FFFFF110H Interrupt control register Lvicr* R v 47H
FFFFF112H Interrupt control register PICO \ N 47H
FFFFF114H Interrupt control register PIC1 N v 47H
FFFFF116H Interrupt control register PIC2 v v 47H
FFFFF118H Interrupt control register PIC3 \ N 47H
FFFFF11AH Interrupt control register PIC4 R v 47H
FFFFF11CH Interrupt control register PIC5 \ N 47H
FFFFF11EH Interrupt control register PIC6 R v 47H
FFFFF120H Interrupt control register PIC7 \ N 47H
FFFFF122H Interrupt control register TQOOVIC J y 47H
FFFFF124H Interrupt control register TQOCCICO J N 47H
FFFFF126H Interrupt control register TQOCCIC1 R v 47H
FFFFF128H Interrupt control register TQOCCIC2 J v 47H
FFFFF12AH Interrupt control register TQOCCIC3 R v 47H
FFFFF12CH Interrupt control register TPOOVIC \ \/ 47H
FFFFF12EH Interrupt control register TPOCCICO N v 47H
FFFFF130H Interrupt control register TPOCCICH \ \/ 47H
FFFFF132H Interrupt control register TP10OVIC N v 47H
FFFFF134H Interrupt control register TP1CCICO \ N 47H
FFFFF136H Interrupt control register TP1CCIC1 N v 47H
FFFFF138H Interrupt control register TP20VIC v v 47H

Note VB50ES/SG2 versions only

User's Manual U16541EJ5V1UD

79



CHAPTER 3 CPU FUNCTION

(3/11)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16

FFFFF13AH Interrupt control register TP2CCICO RW | S 47H
FFFFF13CH Interrupt control register TP2CCICA V v 47H
FFFFF13EH Interrupt control register TP30OVIC y J 47H
FFFFF140H Interrupt control register TP3CCICO v J 47H
FFFFF142H Interrupt control register TP3CCIC1 y J 47H
FFFFF144H Interrupt control register TP40VIC NN 47H
FFFFF146H Interrupt control register TP4CCICO V v 47H
FFFFF148H Interrupt control register TP4CCIC1 y J 47H
FFFFF14AH Interrupt control register TP50VIC v J 47H
FFFFF14CH Interrupt control register TP5CCICO V v 47H
FFFFF14EH Interrupt control register TP5CCICH N A 47H
FFFFF150H Interrupt control register TMOEQICO v S 47H
FFFFF152H Interrupt control register CBORIC/IICICA™*! v J 47H
FFFFF154H Interrupt control register CBOTIC v \ 47H
FFFFF156H Interrupt control register CB1RIC Vo[ 47H
FFFFF158H Interrupt control register CB1TIC VoA 47H
FFFFF15AH Interrupt control register CB2RIC y J 47H
FFFFF15CH Interrupt control register CB2TIC v v 47H
FFFFF15EH Interrupt control register CB3RIC v J 47H
FFFFF160H Interrupt control register CB3TIC Vo[ 47H
FFFFF162H Interrupt control register UAORIC/CB4RIC v \ 47H
FFFFF164H Interrupt control register UAOTIC/CBA4TIC y J 47H
FFFFF166H Interrupt control register UA1RIC/lICIC2""" v J 47H
FFFFF168H Interrupt control register UA1TIC v \ 47H
FFFFF16AH | Interrupt control register UA2RIC/IICICO™"" VoA 47H
FFFFF16CH Interrupt control register UA2TIC v v 47H
FFFFF16EH Interrupt control register ADIC v v 47H
FFFFF170H Interrupt control register DMAICO v J 47H
FFFFF172H Interrupt control register DMAICA \/ J 47H
FFFFF174H Interrupt control register DMAIC2 v J 47H
FFFFF176H Interrupt control register DMAIC3 v v 47H
FFFFF178H Interrupt control register KRIC \/ J 47H
FFFFF17AH Interrupt control register WTIIC v J 47H
FFFFF17CH Interrupt control register WTIC v v 47H
FFFFF17EH Interrupt control register ERRICO""?/ Vo 47H

ERRIC"*®
FFFFF180H Interrupt control register WUPICO™" % v v 474

STAIC™*®
FFFFF182H Interrupt control register RECICO""?%/ v v 47H

IEIC1™*®

Notes 1. I°C bus versions (Y products) only
2. CAN controller versions only
3. IEBus controller versions only
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(4/11)
Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFF184H Interrupt control register TRXICO"™Y/ RW | N 47H
IEIC2""?
FFFFF1FAH In-service priority register ISPR R \ N 00H
FFFFF1FCH Command register PRCMD v Undefined
FFFFF1FEH Power save control register PSC RW | N 00H
FFFFF200H A/D converter mode register 0 ADAOMO \ N 00H
FFFFF201H A/D converter mode register 1 ADAOM1 v v O00H
FFFFF202H A/D converter channel specification register ADA0S \ N O0H
FFFFF203H A/D converter mode register 2 ADAOM2 N v 00H
FFFFF204H Power-fail compare mode register ADAOPFM v v O0H
FFFFF205H Power-fail compare threshold value register ADAOPFT \ N 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 v Undefined
FFFFF214H A/D conversion result register 2 ADAOCR2 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 ADAOCRS3H N Undefined
FFFFF218H A/D conversion result register 4 ADAOCR4 v | Undefined
‘ FFFFF219H | A/D conversion result register 4H ADAOCR4H N Undefined
FFFFF21AH A/D conversion result register 5 ADAOCR5 V| Undefined
‘ FFFFF21BH | A/D conversion result register 5H ADAOCR5H v Undefined
FFFFF21CH A/D conversion result register 6 ADAOCR6 V' | Undefined
‘ FFFFF21DH | A/D conversion result register 6H ADAOCR6H v Undefined
FFFFF21EH A/D conversion result register 7 ADAOCR7 \ | Undefined
‘ FFFFF21FH | A/D conversion result register 7H ADAOCR7H N Undefined
FFFFF220H A/D conversion result register 8 ADAOCRS8 v | Undefined
‘ FFFFF221H | A/D conversion result register 8H ADAOCR8H \/ Undefined
FFFFF222H A/D conversion result register 9 ADAOCR9 V| Undefined
‘ FFFFF223H | A/D conversion result register 9H ADAOCR9H v Undefined
FFFFF224H A/D conversion result register 10 ADAOCR10 V' | 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 N Undefined
FFFFF280H D/A converter conversion value setting register 0 | DAOCS0 R/W v O00H
FFFFF281H D/A converter conversion value setting register 1 | DAOCS1 N 00H
FFFFF282H D/A converter mode register DAOM \ N 00H
FFFFF300H Key return mode register KRM v N O00H
FFFFF308H Selector operation control register 0 SELCNTO \ \/ 00H
FFFFF310H CRC input register CRCIN v O0H

Notes 1. CAN controller versions only
2. IEBus controller versions only
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Address Function Register Name Symbol R/W  |Manipulatable Bits DO00OH
1 8 16 | efault Value
FFFFF312H CRC data register CRCD R/W v | 0000H
FFFFF318H Noise elimination control register NFC N O00H
FFFFF320H BRG1 prescaler mode register PRSM1 v N 00H
FFFFF321H BRG1 prescaler compare register PRSCM1 N 00H
FFFFF324H BRG2 prescaler mode register PRSM2 R v 00H
FFFFF325H BRG2 prescaler compare register PRSCM2 N O0H
FFFFF328H BRG3 prescaler mode register PRSM3 \ N 00H
FFFFF329H BRGS3 prescaler compare register PRSCM3 v O0H
FFFFF340H IIC division clock select register OCKS0"™' v OO0H
FFFFF344H IIC division clock select register OCKS1"™*! N O0H
FFFFF348H IEBus clock select register OCKSs2"v*? N OOH
FFFFF360H IEBus control register BCR"™"* \ N 00H
FFFFF361H IEBus power save register PSR""*? \ v 00H
FFFFF362H IEBus slave status register SSR™"*? R v N 81H
FFFFF363H IEBus unit status register USR"™*? VoW 00H
FFFFF364H IEBus interrupt status register ISR"*? RW | v 00H
FFFFF365H IEBus error status register ESR"™"* \ v 00H
FFFFF366H IEBus unit address register UAR""? v | 0000H
FFFFF368H IEBus slave address register SAR"*? v | 0000H
FFFFF36AH IEBus partner address register PARM"? R v | 0000H
FFFFF36CH IEBus receive slave address register RSA"*? N | 0000H
FFFFF36EH IEBus control data register CDR"™* R/W v 00H
FFFFF36FH IEBus telegraph length register DLR"™"? N 01H
FFFFF370H IEBus data register DR""? v 00H
FFFFF371H IEBus field status register FSR"*? R N O0H
FFFFF372H IEBus success count register SCR™*? N 01H
FFFFF373H IEBus communication count register CCR"*"? v 20H
FFFFF400H Port 0 register PO RW | + d O0H™""**
FFFFF402H Port 1 register P1 v v 0oH""*
FFFFF406H Port 3 register P3 v | 0000H""*
FFFFF406H | Port 3 register L P3L \ N 00H""*
FFFFF407H | Port 3 register H P3H R v 0oH""*
FFFFF408H Port 4 register P4 v oA 00H""*
FFFFF40AH Port 5 register P5 J v 00H""*
FFFFF40EH Port 7 register L P7L v v 0oH""*
FFFFF40FH Port 7 register H P7H N N 00H""?
FFFFF412H Port 9 register P9 v | 0000H""*
FFFFF412H | Port 9 register L PoL N N 00H""*
FFFFF413H | Port 9 register H P9H \ v 00H""*
FFFFF420H Port 0 mode register PMO \ \/ FFH

Notes 1. I°C bus versions (Y products) only

2. IEBus controller versions only
3. The output latch is 00H or 0000H. When these registers are input, the pin statuses are read.
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(6/11)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
8 16
FFFFF422H Port 1 mode register PM1 RW | v FFH
FFFFF426H Port 3 mode register PM3 N | FFFFH
FFFFF426H | Port 3 mode register L PM3L v v FFH
FFFFF427H | Port 3 mode register H PM3H v v FFH
FFFFF428H Port 4 mode register PM4 v v FFH
FFFFF42AH Port 5 mode register PM5 N v FFH
FFFFF42EH Port 7 mode register L PM7L v v FFH
FFFFF42FH Port 7 mode register H PM7H y y FFH
FFFFF432H Port 9 mode register PM9 N | FFFFH
FFFFF432H | Port 9 mode register L PMoL v v FFH
FFFFF433H | Port 9 mode register H PM9H N v FFH
FFFFF440H Port 0 mode control register PMCO v v 00H
FFFFF446H Port 3 mode control register PMC3 v | 0000H
FFFFF446H | Port 3 mode control register L PMC3L v v 00H
FFFFF447H | Port 3 mode control register H PMC3H v v 00H
FFFFF448H Port 4 mode control register PMC4 v v 00H
FFFFF44AH Port 5 mode control register PMC5 v v 00H
FFFFF452H Port 9 mode control register PMC9 v | 0000H
FFFFF452H | Port 9 mode control register L PMCOL v v 00H
FFFFF453H | Port 9 mode control register H PMC9H v v 00H
FFFFF460H Port 0 function control register PFCO v v 00H
FFFFF466H Port 3 function control register PFC3 v | 0000H
FFFFF466H | Port 3 function control register L PFC3L N v 00H
FFFFF467H | Port 3 function control register H PFC3H v v 00H
FFFFF468H Port 4 function control register PFC4 N v 00H
FFFFF46AH Port 5 function control register PFC5 v v 00H
FFFFF472H Port 9 function control register PFC9 v | 0000H
FFFFF472H | Port 9 function control register L PFCOL v v 00H
FFFFF473H | Port 9 function control register H PFC9H v v 00H
FFFFF484H Data wait control register O DWCo N | 7777H
FFFFF488H Address wait control register AWC \ | FFFFH
FFFFF48AH Bus cycle control register BCC v | AAAAH
FFFFF540H TMQO control register 0 TQOCTLO v v 00H
FFFFF541H TMQO control register 1 TQOCTLA v v 00H
FFFFF542H TMQO 1/O control register 0 TQOIOCO v y 00H
FFFFF543H TMQO /O control register 1 TQOIOCH N v O0H
FFFFF544H TMQO 1/O control register 2 TQOIOC2 v \ 00H
FFFFF545H TMQO option register 0 TQOOPTO v v 00H
FFFFF546H TMQO capture/compare register 0 TQOCCRO v | 0000H
FFFFF548H TMQO capture/compare register 1 TQOCCRH1 \ | 0000H
FFFFF54AH TMQO capture/compare register 2 TQOCCR2 \ | 0000H
FFFFF54CH TMQO capture/compare register 3 TQOCCRS3 v | 0000H
FFFFF54EH TMQO counter read buffer register TQOCNT R \ | 0000H
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(7/11)
Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFF590H TMPO control register 0 TPOCTLO RW | N O0H
FFFFF591H TMPO control register 1 TPOCTL1 v v 00H
FFFFF592H TMPOI/O control register 0 TP0IOCO VoW 00H
FFFFF593H TMPOI/O control register 1 TPOIOCH R v 00H
FFFFF594H TMPOI/O control register 2 TPOIOC2 v N 00H
FFFFF595H TMPO option register 0 TPOOPTO \ N 00H
FFFFF596H TMPO capture/compare register 0 TPOCCRO v | 0000H
FFFFF598H TMPO capture/compare register 1 TPOCCR1 v | 0000H
FFFFF59AH TMPO counter read buffer register TPOCNT R v | 0000H
FFFFF5A0H TMP1 control register O TP1CTLO R/W R v O0H
FFFFF5ATH TMP1 control register 1 TP1CTL1 VoW 00H
FFFFF5A2H TMP11/O control register 0 TP110CO \ N 00H
FFFFF5A3H TMP11/O control register 1 TP1I0CH v v 00H
FFFFF5A4H TMP11/O control register 2 TP1lOC2 VoW 00H
FFFFF5A5H TMP1 option register 0 TP10OPTO R v 00H
FFFFF5A6H TMP1 capture/compare register O TP1CCRO \ | 0000H
FFFFF5A8H TMP1 capture/compare register 1 TP1CCR1 v | 0000H
FFFFF5AAH TMP1 counter read buffer register TP1CNT R v | 0000H
FFFFF5BOH TMP2 control register 0 TP2CTLO RW | N O0H
FFFFF5B1H TMP2 control register 1 TP2CTL1 \ N O00H
FFFFF5B2H TMP2I/O control register 0 TP210C0 NN 00H
FFFFF5B3H TMP21/O control register 1 TP210CH VoW 00H
FFFFF5B4H TMP2I/O control register 2 TP2I0C2 R v 00H
FFFFF5B5H TMP2 option register 0 TP20OPTO v v O00H
FFFFF5B6H TMP2 capture/compare register O TP2CCRO v | 0000H
FFFFF5B8H TMP2 capture/compare register 1 TP2CCR1 v | 0000H
FFFFF5BAH TMP2 counter read buffer register TP2CNT R v | 0000H
FFFFF5COH TMP3 control register 0 TP3CTLO R/W \ N 00H
FFFFF5C1H TMP3 control register 1 TP3CTL1 v v 00H
FFFFF5C2H | TMP3I/O control register 0 TP3I0CO VoW 00H
FFFFF5C3H TMP3I/O control register 1 TP3IOCH R v 00H
FFFFF5C4H TMP3I/O control register 2 TP3IOC2 v N 00H
FFFFF5C5H TMP3 option register 0 TP3OPTO \ N 00H
FFFFF5C6H TMP3 capture/compare register O TP3CCRO v | 0000H
FFFFF5C8H TMP3 capture/compare register 1 TP3CCR1 v | 0000H
FFFFF5CAH TMP3 counter read buffer register TP3CNT R v | 0000H
FFFFF5DOH TMP4 control register 0 TP4CTLO R/W v v O00H
FFFFF5D1H TMP4 control register 1 TP4CTL1 VoW 00H
FFFFF5D2H TMP41/O control register 0 TP410CO R v 00H
FFFFF5D3H TMP41/O control register 1 TP410CA1 v v 00H
FFFFF5D4H TMP41/O control register 2 TP410C2 \ N 00H
FFFFF5D5H TMP4 option register 0 TP40OPTO v v 00H
FFFFF5D6H TMP4 capture/compare register O TP4CCRO v | 0000H
FFFFF5D8H TMP4 capture/compare register 1 TP4CCR1 v | 0000H
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Address Function Register Name Symbol R/W | Manipulatable Bits Default
1] 8 |16 32| Vale
FFFFF5DAH TMP4 counter read buffer register TP4CNT R S 0000H
FFFFF5EOH TMP5 control register 0 TP5CTLO RW | v | 00H
FFFFF5E1H TMP5 control register 1 TP5CTLA N[N 00H
FFFFF5E2H TMP51/O control register 0 TP5I0CO N 00H
FFFFF5E3H TMP5I/O control register 1 TP5I0CH1 N[N 00H
FFFFF5E4H TMP51/O control register 2 TP5l0C2 NN 00H
FFFFF5E5H TMPS5 option register 0 TP50PTO N[ A 00H
FFFFF5E6H TMP5 capture/compare register 0 TP5CCRO S 0000H
FFFFF5E8H TMP5 capture/compare register 1 TP5CCR1 \ 0000H
FFFFF5EAH TMP5 counter read buffer register TP5CNT R \ 0000H
FFFFF680H Watch timer operation mode register WTM RW | | 00H
FFFFF690H TMMO control register 0 TMOCTLO NN 00H
FFFFF694H TMMO compare register 0 TMOCMPO S 0000H
FFFFF6COH Oscillation stabilization time select register OSTS 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 v v 00H
FFFFF6E2H Real-time output buffer register OH RTBHO NN O0H
FFFFF6E4H Real-time output port mode register 0 RTPMO N A 00H
FFFFF6E5H Real-time output port control register 0 RTPCO N[ 00H
FFFFF706H Port 3 function control expansion register L PFCE3L Nl 00H
FFFFF70AH Port 5 function control expansion register PFCE5 v v O00H
FFFFF712H Port 9 function control expansion register PFCE9 \ 0000H
FFFFF712H | Port 9 function control expansion register L PFCE9L v v 00H
FFFFF713H | Port 9 function control expansion register H PFCESH v v O00H
FFFFF802H System status register SYS Nl 00H
FFFFF80CH Internal oscillation mode register RCM NN 00H
FFFFF810H DMA trigger factor register 0 DTFRO Nl 00H
FFFFF812H DMA trigger factor register 1 DTFR1 N[ 00H
FFFFF814H DMA trigger factor register 2 DTFR2 N[ A 00H
FFFFF816H DMA trigger factor register 3 DTFR3 N[ 00H
FFFFF820H Power save mode register PSMR N 00H
FFFFF822H Clock control register CKC N[ A 0AH
FFFFF824H Lock register LOCKR R Nl 00H
FFFFF828H Processor clock control register PCC RW | v | 03H
FFFFF82CH PLL control register PLLCTL N[ A 01H
FFFFF82EH CPU operation clock status register CCLS R Nl 00H
FFFFF840H Correction address register 0 CORADO R/W v | 00000000H
FFFFF840H | Correction address register OL CORADOL S 0000H
FFFFF842H | Correction address register OH CORADOH \ 0000H
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1] 8 |16 32| Vale
FFFFF844H Correction address register 1 CORAD1 R/W V' | 00000000H
FFFFF844H | Correction address register 1L CORAD1L v 0000H
FFFFF846H | Correction address register 1H CORAD1H \/ 0000H
FFFFF848H Correction address register 2 CORAD2 N | 00000000H
FFFFF848H | Correction address register 2L CORAD2L N 0000H
FFFFF84AH | Correction address register 2H CORAD2H N 0000H
FFFFF84CH Correction address register 3 CORAD3 v | 00000000H
FFFFF84CH | Correction address register 3L CORAD3L \/ 0000H
FFFFF84EH | Correction address register 3H CORAD3H v 0000H
FFFFF870H Clock monitor mode register CLM N A 00H
FFFFF880H Correction control register CORCN N A 00H
FFFFF888H Reset source flag register RESF N A OO0H
<R> | FFFFF890H Low voltage detection register LVIM™e? N A 00H
<R> | FFFFF891H Low voltage detection level select register Lvigtee! \ 00H
FFFFF892H Internal RAM data status register RAMS N A 01H
FFFFF8BOH Prescaler mode register 0 PRSMO N[ A 00H
FFFFF8B1H Prescaler compare register 0 PRSCMO S 00H
FFFFF9FCH On-chip debug mode register OCDM N[ A 01H
FFFFFOFEH Peripheral emulation register 1 PEMU1""? N[ A 00H
FFFFFAQOH UARTAO control register 0 UAOCTLO Y 10H
FFFFFAO1H UARTAO control register 1 UAOCTL1 \ O00H
FFFFFAO2H UARTAO control register 2 UAOCTL2 J FFH
FFFFFAO3H UARTAO option control register 0 UAOOPTO v S 14H
FFFFFAQ4H UARTAO status register UAOSTR N W O0H
FFFFFAO6H UARTAQO receive data register UAORX R \ FFH
FFFFFAO7H UARTAO transmit data register UAOTX R/W \/ FFH
FFFFFA10H UARTA1 control register 0 UA1CTLO N 10H
FFFFFA11H UARTAT1 control register 1 UA1CTL1 J 00H
FFFFFA12H UARTA1 control register 2 UA1CTL2 \ FFH
FFFFFA13H UARTA1 option control register 0 UA1OPTO N[ A 14H
FFFFFA14H UARTA1 status register UA1STR NN 00H
FFFFFA16H UARTA1 receive data register UA1RX R \ FFH
FFFFFA17H UARTAT1 transmit data register UATTX R/W J FFH
FFFFFA20H UARTAZ control register 0 UA2CTLO v S 10H
FFFFFA21H UARTA2 control register 1 UA2CTL1 S O00H
FFFFFA22H UARTA2 control register 2 UA2CTL2 J FFH
FFFFFA23H UARTA2 option control register O UA20PTO v \ 14H
FFFFFA24H UARTAZ status register UA2STR N[ A 00H
FFFFFA26H UARTAZ receive data register UA2RX R \/ FFH
FFFFFA27H UARTA2 transmit data register UA2TX R/W \ FFH
FFFFFCOOH External interrupt falling edge specification register 0 | INTFO N A 00H

<R> Notes 1. V850ES/SG2 only
2. Only during emulation
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFFCO6H External interrupt falling edge specification register 3 | INTF3 RW | \/ 00H
FFFFFC13H External interrupt falling edge specification register 9H | INTFOH \/ N 00H
FFFFFC20H External interrupt rising edge specification register 0 | INTRO \ v O00H
FFFFFC26H External interrupt rising edge specification register 3 | INTR3 S N 00H
FFFFFC33H External interrupt rising edge specification register 9H | INTR9H \ v O00H
FFFFFC60H Port 0 function register PFO S N O0H
FFFFFC66H Port 3 function register PF3 v | 0000H
FFFFFC66H | Port 3 function register L PF3L S N O0H
FFFFFC67H | Port 3 function register H PF3H \/ N 00H
FFFFFC68H Port 4 function register PF4 \ v 00H
FFFFFC6AH Port 5 function register PF5 S v 00H
FFFFFC72H Port 9 function register PF9 \' | 0000H
FFFFFC72H | Port 9 function register L PFIL S N 00H
FFFFFC73H | Port function 9 control register H PFOH S N 00H
FFFFFDOOH CSIBO control register 0 CBOCTLO \ v O1H
FFFFFDO1H CSIBO control register 1 CBOCTLA S N 00H
FFFFFDO2H CSIBO control register 2 CBOCTL2 v O00H
FFFFFDO3H CSIBO status register CBOSTR S v 00H
FFFFFDO4H CSIBO receive data register CBORX R v | 0000H
| FFFFFDO4H | CSIBO receive data register L CBORXL v O00H
FFFFFDO6H CSIBO0 transmit data register CBOTX R/W N | 0000H
| FFFFFDO6H | CSIBO transmit data register L CBOTXL N O00H
FFFFFD10H CSIB1 control register 0 CB1CTLO \ v O1H
FFFFFD11H CSIB1 control register 1 CB1CTL1 S v 00H
FFFFFD12H CSIB1 control register 2 CB1CTL2 v O00H
FFFFFD13H CSIB1 status register CB1STR S N O0H
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 N 00H
FFFFFD20H CSIB2 control register 0 CB2CTLO \ v O1H
FFFFFD21H CSIB2 control register 1 CB2CTLA1 NN O0H
FFFFFD22H CSIB2 control register 2 CB2CTL2 v 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 00H
FFFFFD26H CSIB2 transmit data register CB2TX R/W v | 0000H
| FFFFFD26H | CSIB2 transmit data register L CB2TXL N O00H
FFFFFD30H CSIB3 control register 0 CB3CTLO \ v O1H
FFFFFD31H CSIB3 control register 1 CB3CTL1 S v 00H
FFFFFD32H CSIB3 control register 2 CB3CTL2 v O00H
FFFFFD33H CSIB3 status register CB3STR S N O0H
FFFFFD34H CSIB3 receive data register CB3RX R v | 0000H
FFFFFD34H | CSIB3 receive data register L CB3RXL v O00H
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1 8 16

FFFFFD36H CSIB3 transmit data register CB3TX R/W v | 0000H
FFFFFD36H | CSIB3 transmit data register L CB3TXL S O00H
FFFFFD40H CSIB4 control register 0 CB4CTLO N oA 01H
FFFFFD41H CSIB4 control register 1 CB4CTLA \ \ 00H
FFFFFD42H CSIB4 control register 2 CB4CTL2 J 00H
FFFFFD43H CSIB4 status register CB4STR VoA 00H

FFFFFD44H CSIB4 receive data register CB4RX R \ | 0000H
‘ FFFFFD44H | CSIB4 receive data register L CB4RXL S 00H

FFFFFD46H CSIB4 transmit data register CB4TX R/W v | 0000H
‘ FFFFFD46H | CSIB4 transmit data register L CB4TXL S O00H
FFFFFD80H IIC shift register 0 lnco™* S 00H
FFFFFD82H IIC control register 0 licco™™ VoW 00H
FFFFFD83H Slave address register 0 SVAQ™* S OO0H
FFFFFD84H IIC clock select register 0 liccLo™ \ S 00H
FFFFFD85H IIC function expansion register 0 lcxo™* \ \ 00H
FFFFFD86H IIC status register 0 lcso™* R v S OO0H
FFFFFD8AH IIC flag register 0 IICFQ"™* RW | S 00H
FFFFFD90H IIC shift register 1 e \ 00H
FFFFFD92H IIC control register 1 lncci™e \ \ 00H
FFFFFD93H Slave address register 1 SVA1"™* S 00H
FFFFFD94H IIC clock select register 1 lnceLitee v S OO0H
FFFFFD95H IIC function expansion register 1 lnexitee \ S 00H
FFFFFD96H IIC status register 1 lncs1™e R N \ 00H
FFFFFD9AH IIC flag register 1 IICF1™* RW | \ 00H
FFFFFDAOH IIC shift register 2 lnca* J 00H
FFFFFDA2H IIC control register 2 lncca"* \ \ 00H
FFFFFDA3H Slave address register 2 SVA2™Y* S 00H
FFFFFDA4H IIC clock select register 2 liccL2™* VoW 00H
FFFFFDASH IIC function expansion register 2 lcxa"e \ S 00H
FFFFFDAGH IIC status register 2 lncsa" R \ S 00H
FFFFFDAAH IIC flag register 2 lICF2"* RW | S 00H
FFFFFDBEH External bus interface mode control register EXIMC v S 00H

Note I°C bus versions (Y products) only
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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 19-16 Register Access Types.

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
<R> V850ES/SG2 and V850ES/SG2-H have eight and seven special registers, respectively.

¢ Power save control register (PSC)
¢ Clock control register (CKC)
e Processor clock control register (PCC)
¢ Clock monitor mode register (CLM)
¢ Reset source flag register (RESF)
<R>  Low voltage detection register (LVIM)"*®
¢ Internal RAM data status register (RAMS)

¢ On-chip debug mode register (OCDM)
<R> Note VB850ES/SG2 only
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
Set data to the special registers in the following sequence.

<1> Disable DMA operation.

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

<3> Write the data prepared in <2> to the PRCMD register.

<4> 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)

(<5> to <9> Insert NOP instructions (5 instructions).)

Note

<10> Enable DMA operation if necessary.

[Example] With PSC register (setting standby mode)

ST.B rll, PSMR[xO] ;
<1>CLR1 0, DCHCn[rO0] H

<2>MOV0x02, rl0

<3>ST.B rl10, PRCMD[rQ0] ;
<4>ST.B rl1l0, PSC[r0] ;

Note

<5>NOP
<6>NOP"™*
<7>NopM™®
<8>NOP
<9>NOP"*
<10>SET1

Note

(next instruction)

Set PSMR register (setting IDLE1, IDLE2, and STOP modes).
Disable DMA operation. n=01t0 3

Write PRCMD register.
Set PSC register.

; Dummy instruction
; Dummy instruction
; Dummy instruction
; Dummy instruction
; Dummy instruction
0, DCHCn[rO] ;

Enable DMA operation. n=01to0 3

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.
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

This is because it is assumed that steps <3> and <4> above are

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.
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(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).

After reset: Undefined w Address: FFFFF1FCH

7 6 5 4 3 2 1 0
PRCMD | REG7 | REG6 | REGS | REG4 | REG3 | REG2 | REG! | 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: 0OH R/W Address: FFFFF802H

4 2 1 <0>
sys | o | o | o | o | o | o | o |[PrRERR]
PRERR Detects protection error
0 Protection error did not occur

1 Protection error occurred

92

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 I/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 /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
Be sure to set the following registers first when using the V850ES/SG2 and V850ES/SG2-H.

¢ System wait control register (VSWC)
¢ On-chip debug mode register (OCDM)
e Watchdog timer mode register 2 (WDTM2)

After setting the VSWC, OCDM, and WDTM2 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.

(C))

(b)

(c)

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
VB50ES/SG2 and VB50ES/SG2-H require wait cycles according to the operating frequency. Set the
following value to the VSWC register in accordance with the frequency used. However, if fcik is greater
than 20 MHz, only the V850ES/SG2-H can be 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 £ 32 MHz 11H 2

On-chip debug mode register (OCDM)
For details, see CHAPTER 31 ON-CHIP DEBUG FUNCTION.

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, see CHAPTER 11 FUNCTIONS OF WATCHDOG TIMER 2.
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(2) 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 status. If this wait status 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 I/O 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.

(1/2)
Peripheral Function Register Name Access k
16-bit timer/event counter P (TMP) TPNCNT Read 1or2
(n=0to5) TPnCCRO, TPnCCR1 Write « 1st access: No wait
e Continuous write: 3 or 4
Read 1or2
16-bit timer/event counter Q (TMQ) | TQOCNT Read 1or2
TQOCCRO to TQOCCR3 Write ¢ 1staccess: No wait
e Continuous write: 3 or 4
Read 1or2
Watchdog timer 2 (WDT2) WDTM2 Write 3
(when WDT?2 operating)
Real-time output function (RTO) RTBLO Write 1
(RTPCO.RTPOEDO bit = 0)
RTBHO Write 1
(RTPCO.RTPOEDO bit = 0)
A/D converter ADAOMO Read 1or2
ADAOCRO to ADAOCR11 Read 1or2
ADAOCROH to ADAOCR11H | Read 1or2
I?C00 to I°C02"*" IICSO0 to IICS2 Read 1
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(2/2)
Peripheral Function Register Name Access k
<R> CAN controller"** COGMABT, Read/write (hodfoanmon + 1)/(2 + j) (MIN.)**?
(M=0t031,a=1to4) COGMABTD, (2 x fxxffoanmion + 1)/(2 + j) (MAX.)"*?
COMASKaL, COMASKaH,
COLEC,
COINFO,
COERC,
COIE,
COINTS,
COBRP,
COBTR,
COTS
<R> COGMCTRL, Read/write (hodfoan + 1)/(2 + j) (MINL)"*?
COGMCS, @xtxodfoan + 1)/(2 + j) (MAX.)™"?
COCTRL
CORGPT, Write (fodffoanmon + 1)/(2 + ) (MIN.)¥
COTGPT (2 x fxx/feanmon + 1)/(2 + j) (MAX.)"®
Read (8 x fxx/feanmone + 1)/(2 + j) (MIN.)"*®
(4 x fxx/feanmone + 1)/(2 + j) (MAX.)"*°°
COLIPT, Read (8 x fxx/feanmone + 1)/(2 + j) (MIN.)**
COLOPT (4 x fxx/feanmone + 1)/(2 + j) (MAX.)"*°®
<R> COMCTRLmM Write (xfxx/foan + 1)/(2 + ) (MIN.)**
(5xfrdffoan + 1)/(2 + ) (MAX.)**?
Read (Bxbodfoan + 1)/(2 + j) (MIN.)***
(dxtxdffoan + 1)/(2 + ) (MAX.) =
COMDATAO1m, COMDATAOM, | Write (8 bits) (4 x Fod/feanmone + 1)/(2 + ) (MIN.)**
COMDATA1m, COMDATA23m, (5 x fxx/foanmone + 1)/(2 + j) (MAX.)"*?
COMDATA2m, COMDATASM, | \yise (16 bits) | (2 x fxx/foannone + 1)/(2 + j) (MIN.)***
COMDATA45m, COMDATA4m, (3 x fxx/foanmone + 1)/(2 + ) (MAX.)™**
COMDATA5m, COMDATA67m,
COMDATA6mM, COMDATA7m Read (8/1 6 bitS) (3 X fxx/fcanmope + 1)/(2 + ]) (MlN.)Nmea
COMDLCm (4 x fxx/feanmone + 1)/(2 + ) (MAX.)"*®
COMCONFm,
<R> COMIDLm, COMIDHm
CRC CRCD Write 1

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

Notes 1. I°C bus versions (Y products) only
2. CAN controller versions only

3. 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.
¢ When the CPU operates with the subclock and the main clock oscillation is stopped
* When the CPU operates with the internal oscillation clock
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Remark fxx: Main clock frequency = fxx
fcanmon: CAN module system clock
fean: Supply clock to CAN
i Values (0 or 1) of higher 4 bits of VSWC register
it Values (0 or 1) of lower 4 bits of VSWC register

(3) System reserved area

In the flash memory version of the VB50ES/SG2 and V850ES/SG2-H, 0000007AH to 0000007FH is a system
reserved area for function expansion, and therefore it is recommended that this area not be used.
However, in the case of the special version of the following products, be sure to set 00H to 0000007AH.

e PD70F3261, 70F3261Y, 70F3271, 70F3271Y, 70F3281, 70F3281Y: Ver. 1.0
e 1PD70F3263, 70F3263Y, 70F3263HY, 70F3273, 70F3273Y, 70F3273HY, 70F3283,
70F3283Y, 70F3283HY: No applicable versions

Remarks 1. With products other than the above (including all the products listed in this manual), operations
are not affected even if 00H is set to 0000007AH.

2. Check the product version by the number that follows DS, ES, or CS on the third line of the
package stamp. If the generic name is stamped (V850ES/SG2, V850ES/SG2-H, etc.), the above
restriction does not apply.

For enquiries, contact an NEC Electronics sales representative.

1

00000080HT T
0000007FH Svst d
0000007BH ystem reserved area
0000007AH |System reserved area (00H)
00000079H

Security IDV°*®

(10 bytes)
00000070H
00000000H

Note For the security ID, see 31.6.1 Security ID.

Caution When the data in the flash memory has been deleted, all the bits are set to 1.
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(4) Restriction on conflict between sld instruction and interrupt request

(@

(b)

Description

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

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 |d instruction: Id.b, Id.h, Id.w, Id.bu, Id.hu
¢ sld instruction: sld.b, sld.h, sld.w, sld.bu, sld.hu
¢ Multiplication instruction: mul, mulh, mulhi, mulu

Instruction <2>

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

satadd reg1, reg2 satadd immb5, reg2 or regl, reg2

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

add reg1, reg2 add immb5, reg2 cmp regl, reg2

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

satsub reg1, reg2
xor reg1l, reg2
sub regi, reg2
cmp immb5, 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> For 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
O 1/O ports: 84
e 5V tolerant/N-ch open-drain output selectable: 40 (ports 0, 3to0 5, 9)
O Input/output specifiable in 1-bit units

4.2 Basic Port Configuration

<R> The V850ES/SG2 and V850ES/SG2-H feature a total of 84 1/0 ports consisting of ports 0, 1, 3to 5, 7, 9, CM, CT,
DH, and DL. The port configuration is shown below.

Figure 4-1. Port Configuration Diagram

~— | P02 P90 [+——
Port 0 { ! ' Port 9
~-— P06 P915 [+—
{<—> P10 PCMO [+—
Port 1 - P11 1 Port CM
PCM3 [«—
~— | P30 PCTO [=—~
Port 3 ' o6 PCT1
PCT4 Port CT
~— | P40
Port 4 { ' PCTE [«—~
-~ P42 PDHO [~——
PP— T | }Port DH
Port 5 { : PDHS |- "
-— P55 PDLO [*~——
~———{ P70 oL ' }Port DL
Port 7 ' 15
-~ P711
Caution Ports 0,3 to 5, 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 CM, CT, DH (bits 0 to 3), DL
EVoo RESET, ports 0, 3 t0 5, 9, DH (bits 4, 5)
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4.3 Port Configuration

Table 4-2. Port Configuration

Iltem Configuration

Control register Port n mode register (PMn:n=0,1,3t0 5, 7,9, CM, CT, DH, DL)
Port n mode control register (PMCn: n =0, 3 to 5, 9, CM, CT, DH, DL)
Port n function control register (PFCn: n =0, 3 to 5, 9)

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

Port n function register (PFn:n =0, 3 to 5, 9)

Ports 1/0: 84

(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 | Pi7 | Pn6 | Pns | Pna | Pn3 | P2 | Pt | Pno |
Pnm Control of output data (in output mode)
0 Output 0.
1 Output 1.

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

Table 4-3. 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.

User’'s Manual U16541EJ5V1UD
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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 | PMns | PMn4 | PMn3 | PMn2 | PMn1 | 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 ! 0
PMCn | pmCn7 | PMCn6 | PMCns | PMCn4 | PMCn3 | PMCn2 | PMCn1 | 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:

7

00H

6

R/W

5 4 3 2 1 0

PFCn [ PFCn7 | PFCné | PFCns | PFCnd | PFCn3 | PFCn2 | PFCn1 | 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:

7

00H

6

RW

5 4 3 2 1 0

PFCEN | PFCEn7 | PFCENS |

PFCENnS | PFCEn4 | PFCEn3 | PFCEn2 | PFCEnt | PFCENO |

7

6

5 4 3 2 1 0

PFCn | PFCn7 | PFCné |

PFCn5 | PFCnd4 | PFCn3 | PFCn2 | PFCn1 | PFCno |

PFCEnm| PFCnm Specification of alternate function
0 0 Alternate function 1
0 1 Alternate function 2
1 0 Alternate function 3

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: 0OH R/W

7

6 5 4 3 2 1 0

PFn | PFn7 | PFne | PFns | PFna | PFn3 | PFn2 | PFnt | PFno |

PFnmM\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 4-2. Setting of Each Register and Pin Function

Port mode
Output mode “0”
PMn register
Input mode “1”

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

| : wqn
functions are available)

Alternate function 1 (a)

Alternate function 2 —| (b) PFCn register
© PFCEnm | PFCnm

Alternate function 3 | PFCEn register (a) 0
(d) (b) 0
1
1

(c)

Alternate function 4 (d)

\ J

Remark Set the alternate functions in the following sequence.

—|Oo|= |

<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 5-bit port for which I/O settings can be controlled in 1-bit units.
Port 0 includes the following alternate-function pins.

Table 4-4. Port 0 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
GF | GC
P02 19 17 | NMI Input | Selectable as N-ch open-drain output L-1
P03 20 18 | INTPO/ADTRG Input N-1
P04 21 19 | INTP1 Input L-1
P05 22 20 | INTP2/DRST"™ Input AA-1
P06 23 21 INTP3 Input L-1

Note The DRST pin is for on-chip debugging (flash memory version only).
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). Although the mask ROM
versions do not support the on-chip debug mode, an on-chip pull-down resistor is incorporated. Handle the
PO5/INTP2 pin the same as in flash memory versions.
For details, see 4.6.3 Cautions on on-chip debug pins.

Caution The P02 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 GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

(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 | Po4a | Po3a | P2 | o | o |
POn Output data control (in output mode) (n = 2 to 6)
0 Qutputs 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

PMO |

1

| PMos | PMos | Pmo4 | PMo3 | PMo2 |

PMOn

1/0O mode control (n = 2 to 6)

Output mode

Input mode

(3) Port 0 mode control register (PMCO0)

After reset: 00H

R/W Address: FFFFF440H

7 6 5 4 3 2
PMco | o | PMcos | PMCos | PMCo4 | PMCO3 | PMCO2 |

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

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

PMC04 Specification of P04 pin operation mode
0 I/O port
1 INTP1 input

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

PMCO02 Specification of P02 pin operation mode
0 I/O port
1 NMI input

Caution The PO5/INTP2/DRST pin becomes the DRST pin regardless of the value of the PMCO05 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

7 6 5 4 3 2 1 0
Prco | o | o | o | o [Prcosa| o | o | o |
PFCO03 Specification of P03 pin alternate function

0 INTPO input
1 ADTRG input

(5) Port 0 function register (PF0)

After reset: O0H R/W Address: FFFFFC60H

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

0 Normal output (CMOS output)

1 N-ch open drain output

Caution To pull up an output pin at a voltage of EVop or higher, be sure to set the corresponding
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 4-5. Port 1 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
GF | GC
P10 5 3 | ANOO Output - A-2
P11 6 4 | ANO1 Output - A-2
<R> Caution When the power is turned on, the P10 and P11 pins may momentarily output an undefined level.

Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

(1) Port 1 register (P1)

After reset: 00H (output latch) R/W Address: FFFFF402H

6 5 4 3 1 0
Pt | o | o | o | o | o | o | P11 | P |
P1in Output data control (in output mode) (n =0, 1)

0 Outputs 0
1 Outputs 1

<R> Caution Do not read/write the P1 register during D/A conversion (see 14.4.3 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 the alternate function (ANOn pin output), set the PM1n bit to 1.
2. When using one of the P10 and P11 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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43.3 Port3
Port 3 is a 10-bit port for which I/O settings can be controlled in 1-bit units.
Port 3 includes the following alternate-function pins.

Table 4-6. Port 3 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
GF | GC
P30 27 25 | TXDA0/SOB4 Output | Selectable as N-ch open-drain output G-3
P31 28 26 | RXDAO/INTP7/SIB4 Input N-3
P32 29 | 27 | ASCKAO/SCKB4/TIPOO/TOP00 | /O u-1
P33 30 28 | TIPO1/TOPO1 1/0 G-1
P34 31 29 | TIP10/TOP10 110 G-1
P35 32 30 | TIP11/TOP11 1/0 G-1
P36 33 | 31 | CTXDO"™ /IETX0™*? Output G-3
P37 34 | 32 | CRXDO"™"'/IERX0""? Input G-4
P38 37 35 | TXDA2/SDA0O""® I/0 G-12
P39 38 36 | RXDA2/SCLOQ"™*® 1’0 G-6

Notes 1. CAN controller version only
2. |EBus controller version only
3. I°C bus version (Y products) only

<R> Caution The P31 to P35 and P37 to P39 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 GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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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 1 10 9 8
P3P3H) | o | o | o | o | o | o | ps | 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) (n = 0 to 9)
0 Qutputs 0
1 Outputs 1

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.

(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
PusPMa) | 1 | 1 [ 1 | 1 [ 1 | 1 | Pvso | Pmas |
7 6 5 4 3 2 1 0

(PM3L) | PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | Pm3o |

PM3n 1/0 mode control (n =0 to 9)

0 Output mode

1 Input mode

Remarks 1. The PMS3 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 PM3 register in 8-bit or 1-bit units, specify them as bits 0 to 7
of the PM3H register.
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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
PMcaPMcaH) [ o | o | o | o | o | o [Pmcss | Pvcss |
7 6 5 4 3 2 ! 0

(PMC3L) | PMC37 | PMC36 | PMC35 | PMC34 | PMC33 | PMC32 | PMC31 | PMC30 |

PMC39 Specification of P39 pin operation mode
0 1/0 port
1 RXDA2 input/SCLO00 I/O

PMC38 Specification of P38 pin operation mode
0 1/0 port
1 TXDA2 output/SDAOQO I/0
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(2/2)

PMC37

Specification of P37 pin operation mode

1/O port

CRXDO input/I[ERXO input

Specification of P36 pin operation mode

1/0 port

CTXDO output/IETX0 output

Specification of P35 pin operation mode

1/0 port

TIP11 input/TOP11 output

Specification of P34 pin operation mode

1/0 port

TIP10 input/TOP10 output

Specification of P33 pin operation mode

1/O port

TIPO1 input/TOPO1 output

Specification of P32 pin operation mode

1/0 port

ASCKAQ input/SCKB4 I/0/TIP00 input/TOP0O output

Specification of P31 pin operation mode

1/O port

RXDAO input/SIB4 input/INTP7 input

Specification of P30 pin operation mode

1/O port

TXDAO output/SOB4 output

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 PMC3 register in 8-bit or 1-bit units, specify them as bits 0 to

7 of the PMCS3H 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 | o |Prcas | prcas
7 6 5 4 3 2 1 0

(PFC3L) | PFCa7 | PFCas | PFcas | PFca4 | PFcas | PFca2 | PFeat | pFCao |

Remarks 1. For details of alternate function specification, see 4.3.3 (6) Port 3 alternate function
specifications.
2. The PFCS register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFC3 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 L (PFCE3L)

After reset: 00H R/W Address: FFFFF706H

6 5 4 3 2 1 0
o |PFCE32| o0

PFCESL | 0

Remark For details of alternate function specification, see 4.3.3 (6) Port 3 alternate function
specifications.

(6) Port 3 alternate function specifications

PFC39 Specification of P39 pin alternate function
0 RXDA2 input
1 SCLOO input

PFC38 Specification of P38 pin alternate function
0 TXDAZ2 output
1 SDAO0O I/0
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PFC37 Specification of P37 pin alternate function
0 CRXDO input
1 IERXO input

PFC36 Specification of P36 pin alternate function
0 CTXDO output
1 IETXO output

PFC35 Specification of P35 pin alternate function
0 TIP11 input
1 TOP11 output

PFC34 Specification of P34 pin alternate function
0 TIP10 input
1 TOP10 output

PFC33 Specification of P33 pin alternate function
0 TIPO1 input
1 TOPO1 output

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

Note 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)

<R>

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

15 14 13 12 1 10 9 8
PraPraH) | o | o | o | o | o | o [ pras | Pras |
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 (n = 0 to 9)

0 Normal output (CMOS output)

1 N-ch open-drain output

Caution To pull up an output pin at a voltage of EVop or higher, be sure to set the corresponding
PF3n bit to 1.

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.
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4.3.4 Port4

Port 4 is a 3-bit port that controls I/0 in 1-bit units.

Port 4 includes the following alternate-function pins.

Table 4-7. Port 4 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
GF | GC
P40 24 22 | SIBO/SDAO1"" /0 Selectable as N-ch open-drain output G-6
P41 25 23 | SOBo/SCLO1™* I/O G-12
P42 26 | 24 |SCKBO /0 E-3

Note I°C bus versions (Y products) only

Caution The P40 to P42 pins have hysteresis characteristics in the input mode of the alternate-function

Remark GF: 100-pin plastic QFP (14 x 20)

(1) Port 4 register (P4)

GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

pin, but do not have the hysteresis characteristics in the port mode.

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

Address: FFFFF408H

6 4 3 2 1 0
0 0 0 0 o | Pa2 | Par | pPao |
P4n Output data control (in output mode) (n = 0 to 2)
0 Outputs 0
1 Outputs 1

(2) Port 4 mode register (PM4)

After reset: FFH R/W  Address: FFFFF428H

PMa |

7 6 5 4 3 2 1 0
1 1 1 1 1| PM42 | PM41 | PM4O |
PM4n 1/0 mode control (n =0 to 2)

0 Output mode

1 Input mode
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(3) Port 4 mode control register (PMC4)

After reset: 00H R/W Address: FFFFF448H

6 5 4 3 2 1 0
pmcsa | o | o | o | o | o |Pvcsz | Pmcatr | Puco |
PMC42 Specification of P42 pin operation mode
0 1/0 port

1 SCKBO I/0

PMC41 Specification of P41 pin operation mode
0 1/0 port
1 SOBO output/SCLO1 I/O

PMC40 Specification of P40 pin operation mode
0 1/0 port
1 SIBO input/SDAO01 I/O

(4) Port 4 function control register (PFC4)

After reset: 00H R/W  Address: FFFFF468H

7 6 5 4 3 2 1 0
PFc4a [ o | o | o | o | o | o |Prcar | PFcao |

PFC41 Specification of P41 pin alternate function

0 SOBO output

1 SCLO1 I/0
PFC40 Specification of P40 pin alternate function

0 SIBO input

1 SDAO01 1/0
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(5) Port 4 function register (PF4)

After reset: 00H R/W Address: FFFFFC68H

7 6 5 4 3 2 1 0
PFa | o | o | o | o | o | pra2 | PFar | PFao0 |
PF4n Control of normal output or N-ch open-drain output (n = 0 to 2)

0 Normal output (CMOS output)

1 N-ch open-drain output
<R> Caution To pull up an output pin at a voltage of EVoo or higher, be sure to set the corresponding
PF4n bit to 1.
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435 Port5
Port 5 is a 6-bit port that controls 1/0 in 1-bit units.
Port 5 includes the following alternate-function pins.

Table 4-8. Port 5 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name /0 Remark Block Type
GF | GC
P50 39 [ 37 | TIQO1/KRO/TOQO1/RTP0OO 1/0 Selectable as N-ch open-drain output | U-5
P51 40 38 [ TIQ02/KR1/TOQ02/RTPO1 I/0 U-5
P52 41 39 | TIQO3/KR2/TOQO03/RTP02/DDI"" /0 U-6
P53 42 | 40 | SIB2/KR3/TIQ00/TOQO0/RTP0O3/DDO™ | I/O u-7
P54 43 | 41 | SOB2/KR4/RTP04/DCK"* 110 u-8
P55 44 | 42 | SCKB2/KR5/RTP05/DMS"" IO u-9

Note The DDI, DDO, DCK, and DMS pins are for on-chip debugging (flash memory version only).
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). Although the mask ROM
versions do not support the on-chip debug mode, an on-chip pull-down resistor is incorporated. Handle the
PO5/INTP2 pin the same as the flash memory versions.
For details, see 4.6.3 Cautions on on-chip debug pins.

<R> Cautions 1. When the power is turned on, the P53 pin may momentarily output an undefined level.
2. The P50 to P55 pins have hysteresis characteristics in the input mode of the alternate

function, but do not have hysteresis characteristics in the port mode.

Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

(1) Port 5 register (P5)

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

6 5 4 3 2 1 0
P5 [ o | o | pPss | Ps4a | Ps3 | P2 | Pst | Pso |
P5n Output data control (in output mode) (n = 0 to 5)

0 Qutputs 0

1 Outputs 1
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(2) Port 5 mode register (PM5)

After reset: FFH

R/W  Address: FFFFF42AH

7 6 5 4 3 2 1 0
PMs | 1 1 | PMs5s | PMs4 | PMs3 | PM52 | PMsi | PMso |
PM5n 1/0O mode control (n =0 to 5)
0 Output mode
1 Input mode

(3) Port 5 mode control register (PMC5)

After reset: 00H

R/W Address: FFFFF44AH

6 5 4 3 2 1 0

PMC5 [ 0

0 | PMCs5 | PMC54 | PMC53 | PMC52 | PMC51 | PMCSO |

Specification of P55 pin operation mode

I/O port

SCKB2 I/0/KR5 input/RTPO5 output

Specification of P54 pin operation mode

I/O port

SOB2 output/KR4 input/RTP04 output

Specification of P53 pin operation mode

I/O port

SIB2 input/KR3 input/TIQO0 input/TOQO0 output/RTPO3 output

Specification of P52 pin operation mode

I/O port

TIQO3 input/KR2 input/TOQO3 output/RTPO2 output

Specification of P51 pin operation mode

I/O port

TIQO2 input/KR1 input/TOQO2 output/RTPO1 output

Specification of P50 pin operation mode

I/O port

TIQO01 input/KRO input/TOQO1 output/RTPOO output
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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 4.3.5 (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 4.3.5 (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
PFCES53 PFC53 Specification of P53 pin alternate function
0 0 SIB2 input
0 1 TIQO0 input/KR3"* input
1 0 TOQOO0 output
1 1 RTPO3 output
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PFCE52 PFC52 Specification of P52 pin alternate function
0 0 Setting prohibited
0 1 TIQO3 input/KR2"" input
1 0 TOQO3 input
1 1 RTPO2 output
PFCE51 PFC51 Specification of P51 pin alternate function
0 0 Setting prohibited
0 1 TIQO2 input/KR1"* input
1 0 TOQO2 output
1 1 RTPO1 output
PFCES50 PFC50 Specification of P50 pin alternate function
0 0 Setting prohibited
0 1 TIQO1 input/KRO"* 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 TIQOmM Pin Use as KRn Pin
KRO/TIQ01 KRM.KRMO bit =0 TQOIOC1.TQOTIG2, TQOIOC1. TQOTIGS bits = 0
KR1/T1Q02 KRM.KRM1 bit = 0 TQOIOC1.TQOTIG4, TQOIOC1.TQOTIGS5 bits =0
KR2/T1Q03 KRM.KRM2 bit = 0 TQOIOC1.TQOTIG6, TQOIOC1.TQOTIG7 bits =0
KR3/TIQ00 KRM.KRM3 bit = 0 TQOIOC1.TQOTIGO, TQOIOC1.TQOTIG1 bits =0
TQOIOC2.TQOEESO, TQOIOC2.TQOEES1 bits =0
TQOIOC2.TQOETSO, TQOIOC2.TQOETS1 bits =0

(7) Port 5 function register (PF5)

After reset: 00H R/W Address: FFFFFC6AH

7 6 5 4 3 2 1 0
PFs | 0 0O | PFs5 | PFs4 | PF53 | PF52 | PFs1 | PF50 |
PF5n Control of normal output or N-ch open-drain output (n = 0 to 5)

0 Normal output (CMOS output)

1 N-ch open-drain output
<R> Caution To pull up an output pin at a voltage of EVoo or higher, be sure to set the corresponding
PF5n bit to 1.
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43.6 Port7
Port 7 is a 12-bit port for which I/O settings can be controlled in 1-bit units.
Port 7 includes the following alternate-function pins.

Table 4-9. Port 7 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
GF | GC
P70 2 100 | ANIO Input - A-1
P71 1 99 | ANH Input A-1
P72 100 98 | ANI2 Input A-1
P73 99 97 | ANI3 Input A-1
P74 98 96 | ANI4 Input A-1
P77 97 95 | ANI5 Input A-1
P76 96 94 | ANI6 Input A-1
P77 95 93 | ANI7 Input A-1
P78 94 92 | ANI8 Input A-1
P79 93 91 | ANI9 Input A-1
P710 92 90 | ANI10 Input A-1
P711 91 89 | ANI11 Input A-1

<R>

<R>

Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

(1) Port 7 register H, port 7 register L (P7H, P7L)

After reset: 00H (output latch) R/W Address: P7L FFFFF40EH, P7H FFFFF40FH
6 5 4 3 2 1 0
pH | o | o | o | o | prt | o] pre | Prs |
7 6 5 4 3 2 1 0
pre | Pz | pre | Prs | Pra | pra | P2 | Pt | Pro |
P7n Qutput data control (in output mode) (n=0to 11)
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
1/0).
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.
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(2) Port 7 mode register H, port 7 mode register L (PM7H, PM7L)

Address: PM7L FFFFF42EH, PM7H FFFFF42FH

After reset: FFH R/W
1 0

7 6 5 4 3 2
i [ 1 | 1 | 1 | 1 | w711 | pmrio | Pm7e | pumre |
7 6 5 4 3 2 ! 0

PM7L | Pm77 | Pm7e | Pm7s | Pm7a | Pwm7a | Pmz2 | P71 | Pm7o |

PM7n I/0O mode control (n=01to 11)

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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4.3.7 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 4-10. Port 9 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
GF | GC
P90 45 43 | AO/KR6/TXDA1/SDAQO2"" I/0 Selectable as N-ch open-drain output U-10
P91 46 44 | A1/KR7/RXDA1/SCL02"" I/0 U-11
P92 47 45 | A2/TIP41/TOP41 I/0 U-12
P93 48 46 | A3/TIP40/TOP40 I/0 U-12
P94 49 47 | A4/TIP31/TOP31 I/0 U-12
P95 50 48 | A5/TIP30/TOP30 I/0 U-12
P96 51 49 | A6/TIP21/TOP21 I/0 U-13
P97 52 50 | A7/SIB1/TIP20/TOP20 1/0 uU-14
P98 53 51 A8/SOB1 Output G-3
P99 54 | 52 | A9/SCKB1 /0 G-5
P910 55 53 | A10/SIB3 110 G-2
P911 56 54 | A11/SOB3 Output G-3
P912 57 | 55 | A12/SCKB3 /0 G-5
P913 58 56 | A13/INTP4 I/0 N-2
P914 59 57 | A14/INTP5/TIP51/TOP51 I/0 U-15
P915 60 58 | A15/INTP6/TIP50/TOP50 I/0 U-15

Note I°C bus versions (Y products) only
<R> 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 GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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(1) Port 9 register (P9)

After reset: 0000H (output latch) R/W Address: P9 FFFFF412H,
PIL FFFFF412H, POH FFFFF413H

15 14 13 12 11 10 9 8
PO(POH) | Pots | Pot4 | Po13 | Po12 | Pot1 | Poto | Po9 | Pos |
7 6 5 4 3 2 1 0
PoL) | Po7 | Pos | Pos | Poa | Pes | Po2 | Pot | Poo |
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 PM9L 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.
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(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 PMC9H register.
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@/2)

PMC98 Specification of P98 pin operation mode
0 1/0 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

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

PMC92 Specification of P92 pin operation mode
0 1/0 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/SCLO2 I/O

PMC90 Specification of P90 pin operation mode
0 1/O port
1 A0 output/KR6 input/TXDA1 output/SDA02 I/O

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 even
one of the A0 to A15 pins is not 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 even one of the A0
to A15 pins is not 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 4.3.7 (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 PFCOL 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 4.3.7 (6) Port 9 alternate function
specifications.
2. The PFCED? 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 PFCEO9L 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 Setting prohibited
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 Setting prohibited
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. 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).

130 User's Manual U16541EJ5V1UD



<R>

CHAPTER 4 PORT FUNCTIONS

(7) Port 9 function register (PF9)

After reset: 0000H ~ R/W  Address: PF3 FFFFFC72H,
PFIL FFFFFC72H, PF9H FFFFFC73H

15 14 13 12 1 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 a voltage of EVoo or higher, be sure to set the corresponding
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 PFOL 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.
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4.3.8 PortCM
Port CM is a 4-bit port for which 1/O settings can be controlled in 1-bit units.
Port CM includes the following alternate-function pins.

Table 4-11. Port CM Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 1/0 Remark Block Type
GF | GC
PCMO 63 61 | WAIT Input - D-1
PCM1 64 62 | CLKOUT Qutput D-2
PCM2 65 63 | HLDAK Qutput D-2
PCM3 66 64 | HLDRQ Input D-1
Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
(1) Port CM register (PCM)
After reset: 00H (output latch) R/W Address: FFFFFOOCH
6 4 3 2 1 0
peM | o | o | o | o [ poms|Pcm2 | Pomi | Pomo |
PCMn Qutput data control (in output mode) (n = 0 to 3)
0 Qutputs 0
1 Outputs 1
(2) Port CM mode register (PMCM)
After reset: FFH R/W  Address: FFFFFO2CH
7 6 5 4 3 2 1 0
pmem |1 | 1 [ 1 | PMCM3 | PMCM2 | PMCM1 | PMCMO |
PMCMn 1/0 mode control (n =0 to 3)

0 OQutput 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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439 PortCT
Port CT is a 4-bit port for which I/O settings can be controlled in 1-bit units.
Port CT includes the following alternate-function pins.

Table 4-12. Port CT Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
GF | GC
PCTO 67 |65 |WRO Output - D-2
PCT1 68 |66 |WR1 Output D-2
PCT4 69 |67 |RD Output D-2
PCT6 70 68 ASTB Output D-2

Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

(1) Port CT register (PCT)

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

7 6 5 4 3 2 1 0
pcT [ o | pPcte| o [ pcTa | o | o | pcri | pcTo |
PCTn Output data control (in output mode) (n =0, 1, 4, 6)

0 Qutputs 0
1 Outputs 1

(2) Port CT mode register (PMCT)

After reset: FFH R/W Address: FFFFF02AH

7 6 5 4 3 2 1 0
pmct | 1 |pPmcte| 1 |pPmcta| 1 | 1 | pPmcTi | PmCTO |
PMCTn I/0O mode control (n =0, 1, 4, 6)

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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4.3.10 Port DH
Port DH is a 6-bit port for which I/O settings can be controlled in 1-bit units.
Port DH includes the following alternate-function pins.

Table 4-13. Port DH Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
GF | GC
PDHO 89 87 | Al6 Output - D-2
PDH1 90 88 | A17 Output D-2
PDH2 61 59 | A18 Qutput D-2
PDH3 62 60 | A19 Output D-2
PDH4 8 6 | A20 Output D-2
PDH5 9 7 | A21 Output D-2
Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
(1) Port DH register (PDH)
After reset: 00H (output latch) R/W Address: FFFFFO06H
7 6 5 4 3 2 1 0
POH [ o | o | PoHs | PDH4 | PDH3 | PDH2 | PDH1 | PDHO |
PDHn Output data control (in output mode) (n = 0 to 5)

0 Outputs 0

1 Outputs 1

(2) Port DH mode register (PMDH)

After reset: FFH R/W Address: FFFFF026H
7 6 5 4 3 2 1 0
PMDH [ 1 | 1 | PMDH5 | PMDH4 | PMDH3 | PMDH2 | PMDH1 | PMDHO |

PMDHnN I/0O mode control (n = 0 to 5)

0 Output mode

1 Input mode
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(3) Port DH mode control register (PMCDH)

After reset: 00H R/W Address: FFFFF046H

6 5 4 3 2 1 0
PMCDH | o0 | 0 |PMCDHS|PMCDH4 PMCDH3|PMCDH2|PMCDH1|PMCDHO|
PMCDHn Specification of PDHn pin operation mode (n = 0 to 5)

0 1/0 port

1 Am output (address bus output) (m = 16 to 21)
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4.3.11 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 4-14. Port DL Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark Block Type
GF | GC
PDLO 73 71 | ADO I/0 - D-3
PDLA1 74 72 | AD1 I/O D-3
PDL2 75 73 | AD2 I/0 D-3
PDL3 76 74 | AD3 I/O D-3
PDL4 77 75 | AD4 I/0 D-3
PDL5 78 76 | AD5/FLMD1"" /0 D-3
PDL6 79 77 | AD6 I/O D-3
PDL7 80 78 | AD7 I/0 D-3
PDL8 81 79 | AD8 I/O D-3
PDL9 82 80 | AD9 1/0 D-3
PDL10 83 81 | AD10 I/O D-3
PDL11 84 82 | AD11 I/0 D-3
PDL12 85 83 | AD12 I/0 D-3
PDL13 86 84 | AD13 I/0 D-3
PDL14 87 85 | AD14 I/0 D-3
PDL15 88 86 |AD15 I/O 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 30 FLASH MEMORY.

Remark GF: 100-pin plastic QFP (14 x 20)
GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
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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 | PMDLO | PMDLS |

7 6 5 4 3 2 1 0
(PMDLL) | PMDL7 | PMDL6 | PMDL5 | PMDL4 | PMDL3 | PMDL2 | PMDL1 | PMDLO |

PMDLn 1/0 mode control (n =0 to 15)

0 Qutput 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 SMSEL bit of the EXIMC register = 1 (separate mode) and the BS30 to BS00 bits
of the BSC register = 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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4.4 Block Diagrams

Figure 4-3. Block Diagram of Type A-1
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Figure 4-4. Block Diagram of Type A-2
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Figure 4-5. Block Diagram of Type D-1
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Figure 4-6. Block Diagram of Type D-2

WRemc
N\
PMCmn
WRem
<R> PMmn
[%2]
3
Qo
g Output signal when
g alternate function is used
WRpProrT %
o2
3 O Pmn
Pmn
S
[&] —
Ko} 9]
[ ©
2 Ko}
3 e B
L T \ |
Address

RD

144 User's Manual U16541EJ5V1UD



CHAPTER 4 PORT FUNCTIONS

Figure 4-7. Block Diagram of Type D-3
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Figure 4-8. Block Diagram of Type E-3
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Figure 4-9. Block Diagram of Type G-1
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Figure 4-10. Block Diagram of Type G-2
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Figure 4-11. Block Diagram of Type G-3
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Figure 4-12. Block Diagram of Type G-4

Note

O Pmn

EVss

—

WRer
‘ PFmn
WRerc
PFCmn T
WRemc
PMCmn
E
2 WRewm
©
£
o
£ PMmn
WReProRT
Pmn
S
o
<2
& S
[$]
<2
Q
T n
Address
N
RD

Input signal 1 when
alternate function is used

Selector

Input signal 2 when
alternate function is used

PV

{

Note Hysteresis characteristics are not available in port mode.

150

User's Manual U16541EJ5V1UD



CHAPTER 4 PORT FUNCTIONS

Figure 4-13. Block Diagram of Type G-5
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Figure 4-14. Block Diagram of Type G-6
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Figure 4-15. Block Diagram of Type G-12
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Figure 4-16. Block Diagram of Type L-1
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Figure 4-17. Block Diagram of Type N-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-18. Block Diagram of Type N-2
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CHAPTER 4 PORT FUNCTIONS

Figure 4-19. Block Diagram of Type N-3
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CHAPTER 4 PORT FUNCTIONS

Figure 4-20. Block Diagram of Type U-1
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<R>

CHAPTER 4 PORT FUNCTIONS

Figure 4-21. Block Diagram of Type U-5
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CHAPTER 4 PORT FUNCTIONS

Figure 4-22. Block Diagram of Type U-6
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CHAPTER 4 PORT FUNCTIONS

Figure 4-23. Block Diagram of Type U-7
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CHAPTER 4 PORT FUNCTIONS

Figure 4-24. Block Diagram of Type U-8
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CHAPTER 4 PORT FUNCTIONS

Figure 4-25. Block Diagram of Type U-9
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CHAPTER 4 PORT FUNCTIONS

Figure 4-26. Block Diagram of Type U-10
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CHAPTER 4 PORT FUNCTIONS

Figure 4-27. Block Diagram of Type U-11
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Users Manual U16541EJ5V1UD 165



CHAPTER 4 PORT FUNCTIONS

Figure 4-28. Block Diagram of Type U-12
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CHAPTER 4 PORT FUNCTIONS

Figure 4-29. Block Diagram of Type U-13
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CHAPTER 4 PORT FUNCTIONS

Figure 4-30. Block Diagram of Type U-14
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CHAPTER 4 PORT FUNCTIONS

Figure 4-31. 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 4-32. Block Diagram of Type AA-1
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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 4-15 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 4-15. Using Port Pin as Alternate-Function Pin (1/7)

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)
P02 NMI Input P02 = Setting not required | PMO2 = Setting not required | PMCO02 = 1 - -
P03 INTPO Input P03 = Setting not required | PMO3 = Setting not required | PMCO3 = 1 - PFC03=0
ADTRG Input P03 = Setting not required | PMO3 = Setting not required | PMCO3 = 1 - PFCO03 =1
P04 INTP1 Input P04 = Setting not required | PM04 = Setting not required | PMC04 = 1 - -
P05 INTP2 Input P05 = Setting not required | PMO5 = Setting not required | PMCO5 = 1 - -
DRSTNete! Input P05 = Setting not required | PM05 = Setting not required | PMCO5 = Setting not required - - OCDMO (OCDM) =1
P06 INTP3 Input P06 = Setting not required | PM06 = Setting not required | PMCO06 = 1 - -
P10 ANOO Output P10 = Setting not required | PM10 = 1 - - -
P11 ANO1 Output P11 = Setting not required | PM11 = 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
P31 RXDAO Input P31 = Setting not required | PM31 = Setting not required | PMC31 = 1 - Note 2, PFC31 =0
INTP7 Input P31 = Setting not required | PM31 = Setting not required | PMC31 = 1 - Note 2, PFC31 =0
SiB4 Input P31 = Setting not required | PM31 = Setting not required | PMC31 = 1 - PFC31 =1
P32 ASCKAO Input P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32 =0 PFC32=0
'SCKB4 110 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 - PFC33=0
TOPO1 Output P33 = Setting not required | PM33 = Setting not required | PMC33 = 1 - PFC33 =1
P34 TIP10 Input P34 = Setting not required | PM34 = Setting not required | PMC34 = 1 - PFC34 =0
TOP10 Output P34 = Setting not required | PM34 = Setting not required | PMC34 = 1 - PFC34 =1
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
Notes 1. Flash memory versions 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 alternate-function
INTP7 pin (clear the INTF3.INTF31 bit and INTR3.INTR31 bit to 0). When using the pin as the INTP7 pin, stop the UARTAO reception operation (clear
the UAOCTLO.UAORXE bit to 0).
Caution When using one of the P10 and P11 pins as an I/O port and the other as a D/A output pin (ANOO, ANO1), do so in an application where the port

I/O level does not change during D/A output.
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Table 4-15. Using Port Pin as Alternate-Function Pin (2/7)

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)
P36 CTXDONete1 | Output P36 = Setting not required | PM36 = Setting not required | PMC36 = 1 - PFC36 =0
IETXONete2 | Qutput P36 = Setting not required | PM36 = Setting not required | PMC36 = 1 - PFC36 =1
P37 CRXDONete | Input P37 = Setting not required | PM37 = Setting not required | PMC37 = 1 - PFC37=0
IERXONte2 | 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 - PFC38=0
SDAQQNete® | /O P38 = Setting not required | PM38 = Setting not required | PMC38 = 1 - PFC38 =1 PF38 (PF3) =1
P39 RXDA2 Input P39 = Setting not required | PM39 = Setting not required | PMC39 = 1 - PFC39=0
SCLOQNete3 | 1/O P39 = Setting not required | PM39 = Setting not required | PMC39 = 1 - PFC39 =1 PF39 (PF3) =1
P40 SIBO Input P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 - PFC40=0
SDAQ1Nete3 | 1/O P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 - PFC40 =1 PF40 (PF4) =1
P41 SOBO Output P41 = Setting not required | PM41 = Setting not required | PMC41 = 1 - PFC41 =0
SCLO1Nete3 | 1/O 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 - _
P50 TIQO1 Input P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCE50 =0 PFC50 =1 KRMO (KRM) =0
KRO Input P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCE50 =0 PFC50 =1 TQOTIG2, TQOTIG3 (TQOIOC1) =0
TOQO1 Output P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCES50 = 1 PFC50=0
RTPOO Output P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCES50 = 1 PFC50 =1
P51 TIQO2 Input P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =0 PFC51 =1 KRM1 (KRM) =0
KR1 Input P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =0 PFC51 =1 TQOTIG4, TQOTIGS5 (TQOIOC1) =0
TOQ02 Output P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =1 PFC51=0
RTPO1 Output P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =1 PFC51 =1
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Notes 1. CAN controller versions only
2. |EBus controller versions only
3. I°C bus versions (Y products) only
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Table 4-15. Using Port Pin as Alternate-Function Pin (3/7)

Pin Name

Alternate Function

Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnXx Bit of PFCnx Bit of Other Bits
Name /O Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P52 TIQ03 Input P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52=0 PFC52 =1 KRM2 (KRM) = 0
KR2 Input P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 =0 PFC52 =1 TQOTIG6, TQOTIG7 (TQOIOC1) =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
DDINete 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
TIQ00 Input P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 =0 PFC53 =1 KRM3 (KRM) = 0
KR3 Input P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 =0 PFC53 =1 TQOTIGO, TQOTIG1 (TQOIOC1) =0,
TQOEESO, TQOEEST (TQ0IOC2) = 0,
TQOETSO0, TQOETS1 (TQOIOC2) =0
TOQO0 Input P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCES53 =1 PFC53=0
RTPO3 Output P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 =1 PFC53 =1
DDQNete Output P53 = Setting not required | PM53 = Setting not required | PMC53 = Setting not required | PFCE53 = 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
DCKNote 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 110 P55 = Setting not required | PM55 = 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 | PM55 = Setting not required | PMC55 = 1 PFCE55 =1 PFC55 =1
DMGNote Input P55 = Setting not required | PM55 = Setting not required | PMC55 = Setting not required | PFCE55 = Setting not required| PFC55 = Setting not required | OCDMO (OCDM) = 1

Note Flash memory versions only
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Table 4-15. Using Port Pin as Alternate-Function Pin (4/7)

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)
P70 ANIO Input P70 = Setting not required | PM70 = 1 - - -
P71 AN 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 - - -
2 P710 ANI10 Input P710 = Setting not required | PM710 = 1 - - -
§ P711 ANI11 Input P711 = Setting not required | PM711 =1 - - -
§ P90 A0 Output P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCE90 =0 PFC90=0 Note 1
g KR6 Input P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCE90 =0 PFC90 =1
% TXDA1 Output P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCE90 = 1 PFC90=0
g SDAOQ2Ve2 | |/O P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCEQ0 = 1 PFC90 =1 PF90 (PF9) =1
é P91 Al Output P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 =0 PFC91 =0 Note 1
KR7 Input P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 =0 PFC91 =1
RXDA1/KR7M!3 | Input P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 = 1 PFC91=0
SCLO2Nete2 | /O P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 = 1 PFC91 =1 PF91 (PF9) =1

<R> Notes 1.

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.
I’C bus versions (Y products) only
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3. The RXDA1 and KR7 pins must not be used at the same time. When using the RXDA1 pin, do not use the KR7 pin. 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).
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<R>

Table 4-15. Using Port Pin as Alternate-Function Pin (5/7)

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)

P92 A2 Output P92 = Setting not required | PM92 = Setting not required | PMC92 = 1 PFCE92 =0 PFC92 =0 Note
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 Output P93 = Setting not required | PM93 = Setting not required | PMC93 = 1 PFCE93 =0 PFC93 =0 Note
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

P94 A4 Output P94 = Setting not required | PM94 = Setting not required | PMC94 = 1 PFCE94 =0 PFC94 =0 Note
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 Output P95 = Setting not required | PM95 = Setting not required | PMC95 = 1 PFCE95 =0 PFC95 =0 Note
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

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 | PM98 = 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 110 P99 = Setting not required | PM99 = Setting not required | PMC99 = 1 - PFC99 =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 4-15. Using Port Pin as Alternate-Function Pin (6/7)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnXx Bit of PFCnx Bit of Other Bits
Name 1/O Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
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 110 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 Al4 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
P915 A15 Output P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915=0 PFC915=0 Note
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
PCMO WAIT Input PCMO = Setting not required | PMCMO = Setting not required | PMCCMO = 1 - -
PCMA1 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 PCMB3 = Setting not required | PMCM3 = Setting not required| PMCCM3 = 1 - -
PCTO WR0 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 - -
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<R> 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 4-15. Using Port Pin as Alternate-Function Pin (7/7)

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)

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 PDHS5 = Setting not required| PMDHS5 = Setting not required | PMCDH5 = 1 - -
PDLO ADO l{e} 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 1/0 PDL2 = Setting not required | PMDL2 = Setting not required | PMCDL2 = 1 - -
PDL3 AD3 l{e} PDL3 = Setting not required | PMDL3 = Setting not required | PMCDL3 = 1 - -
PDL4 AD4 1/0 PDL4 = Setting not required | PMDL4 = Setting not required | PMCDL4 = 1 - -
PDL5 AD5 l{e} PDL5 = Setting not required | PMDL5 = Setting not required | PMCDL5 = 1 - -

FLMD1Nete Input PDL5 = Setting not required | PMDLS5 = Setting not required | PMCDL5 = Setting not required - -
PDL6 AD6 110 PDL6 = Setting not required | PMDLS = Setting not required | PMCDL6 = 1 - -
PDL7 AD7 1/0 PDL7 = Setting not required | PMDLY = Setting not required | PMCDL7 = 1 - -
PDL8 AD8 1/0 PDL8 = Setting not required | PMDLS = Setting not required | PMCDLS8 = 1 - -
PDL9 AD9 110 PDL9 = Setting not required | PMDL9 = Setting not required | PMCDL9 = 1 - -
PDL10 AD10 l{e} PDL10 = Setting not required | PMDL10 = Setting not required | PMCDL10 = 1 - -
PDL11 AD11 l{e} 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 110 PDL14 = Setting not required | PMDL14 = Setting not required | PMCDL14 = 1 - -
PDL15 AD15 1/0 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 using the port control register. For details, see CHAPTER

30 FLASH MEMORY.
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CHAPTER 4 PORT FUNCTIONS

4.6 Cautions

4.6.1 Cautions on setting port pins

(1) Inthe VB50ES/SG2 and V850ES/SG2-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.

(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.
<1> Set the PFn register™: N-ch open-drain setting
<2> Set the PFCn and PFCEn registers: Alternate-function selection
<3> Set the corresponding bit of the PMCn register to 1: Switch to alternate-function mode

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).
e 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
0 don’t care 1 P41 (in output port mode, N-ch open-drain output)
1 0 1 SOBO output (N-ch open-drain output)
1 1 SCLO1 I/O (N-ch open-drain output)

User's Manual U16541EJ5V1UD 179



CHAPTER 4 PORT FUNCTIONS

180

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/0 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 O 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 4-33 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 4-33. Example of Switching from P02 to NMI (Incorrect)

7 6 5 4 3 2 1

PMCO | O 0—1 0|0
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PMCOm bit = 0: Port mode

PMCOm bit = 1: Alternate-function mode
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PMCO2 bit = 0: Low level |
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PMCO02 bit = 1: High level

Remark m=2to6

[Example 2] Switch from external pin (NMI) to general-purpose port (P02)
When the PO2/NMI pin is pulled up as shown in Figure 4-34 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 4-34. Example of Switching from NMI to P02 (Incorrect)

7 6 5 4 3 2 1

PMCo | O 1-0 0|0

\Y
PMCOm bit = 0: Port mode 8

PMCOm bit = 1: Alternate-function mode

]
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[}
[}
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[}

[}

]

]

]

detector

PO2/NMI

PMCO02 bit = 1: High level
2

PMCO2 bit = 0: Low level

Remark m=2to6

(2) In port mode, the PFn.PFnm bit is valid only in the output mode (PMn.PMnm bit = 0). In the input mode
(PMnm bit = 1), the value of the PFnm bit is not reflected in the buffer.
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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 V850ES/SG2 and
V850ES/SG2-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 4-35. Bit Manipulation Instruction (P90 Pin)

Bit manipulation

P90 O instruction P90 O
O Low-level out (set1 0, POL[r0]) O
) utput 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 ofofofofofo]o] EEEREREREAERERER

Bit manipulation instruction for P90 bit

<1> PIL 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 (these pins are available only in the flash-
memory versions).

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.

e 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) (reset by the low-voltage detector (LVI) is available only in the V850ES/SG2). 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 kQ2 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 P10, P11, and P53 pins when power is turned on
When the power is turned on, the following pins may momentarily output an undefined level.

¢ P10/ANOO pin
e P11/ANO1 pin
o P53/SIB2/KR3/TIQ00/TOQ00/RTP03/DDO™"* pin

Note The DDO pin is provided only in the flash memory version.

4.6.6 Hysteresis characteristics
In port mode, the following port pins do not have hysteresis characteristics.

P02 to P06

P31 to P35, P37 to P39

P40 to P42

P50 to P55

P90 to P97, P99, P910, P912 to P915

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 even one of the A0 to A15 pins is not used in the separate bus mode, port 9 pins can be
used as port pins or other alternate-function pins.
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<R> The V850ES/SG2 and V850ES/SG2-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
e External wait function using WAIT pin

O Idle state function

O Bus hold function

<R> O Up to 4 MB of physical memory connectable

O The bus can be controlled at a voltage that is different from the operating voltage when BVop < EVop = Vop.

However, in separate bus mode or when the A20 and A21 pins are used, set BVobo = EVop = Vob.
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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 (Multiplexed Bus)

Bus Control Pin Alternate-Function Pin I/0 Function
ADO to AD15 PDLO to PDL15 /0 Address/data bus
A16 to A21 PDHO to PDH5 Output | Address bus
WAIT PCMO Input External wait control
CLKOUT PCM1 QOutput 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

Table 5-2. External Control Pins (Separate Bus)

Bus Control Pin Alternate-Function Pin /0 Function
ADO to AD15 PDLO to PDL15 1/O Data bus
AO to A15 P90 to P915 Output Address bus
A16 to A21 PDHO to PDH5 Output Address bus
WAIT PCMO Input External wait control
CLKOUT PCMA1 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

5.2.1 Pin status when internal ROM, internal RAM, or on-chip peripheral I/O is accessed
When the internal ROM, internal RAM, or on-chip peripheral I/O are accessed, the status of each pin is as follows.

Table 5-3. Pin Statuses When Internal ROM, Internal RAM, or On-Chip Peripheral I/0 Is Accessed

Separate Bus Mode

Multiplexed Bus Mode

Address bus (A21 to AO) Undefined Address bus (A21 to A16) Undefined
Data bus (AD15 to ADO) Hi-Z Address/data bus (AD15 to ADO) Undefined
Control signal (RD, WR0, WR1) High level Control signal (RD, WRO, WR1, ASTB) | High level

Caution When a write access is performed to the internal ROM area, address, data, and control signals
are activated in the same way as access to the external memory area.

5.2.2 Pin status in each operation mode
For the pin status of the VB50ES/SG2 and V850ES/SG2-H in each operation mode, see 2.2 Pin Status.
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CHAPTER 5 BUS CONTROL FUNCTION
5.3 Memory Block Function

The 16 MB external memory space is divided into memory blocks of (lower) 2 MB, 2 MB, 4 MB, and 8 MB. The
one-block units.

programmable wait function and bus cycle operation mode for each of these blocks can be independently controlled in

Figure 5-1. Data Memory Map: Physical Address
03FFFFFFH On-chip peripheral 03FFFFFFH
I/O area (4 KB) 03FFFO00H
(80KB) 03FFEFFFH
03FECOOOH| | ‘
03FEBFFFH !
Internal RAM area
! (60 KB)
; 03FF0000H
Use prohibited \ Use prohibitedhete ! 03FEFFFFH
| 03FEF000H
' 03FEEFFFH
\ Programmable peripheral
v 1/O areaN°*®2 or
| use prohibitedNete3
01000000H - R 03FECO00H
00FFFFFFH
Memory block 3
(8 MB)
00800000H
007FFFFFH
Memory block 2
(4 MB)
00400000H| Iy
003FFFFFH 001FFFFFH
Memory block 1 External memory area
(2 MB) S (1 MB)
00200000H I 00100000H
001FFFFFH 000FFFFFH
Memory block 0 Internal ROM area°te
(2 MB) (1 MB)
00000000H R 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/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. Addresses 03FECO000H to O3FEC5FFH are allocated to addresses 03FECO000H to O3FEEFFFH of
the CAN controller version as a programmable peripheral /O area. Use of these addresses in a
version without a CAN controller is prohibited.
4. This area is an external memory area in the case of a data write access.
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5.4 External Bus Interface Mode Control Function

<R> The V850ES/SG2 and VB850ES/SG2-H have 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.

After reset: 00H R/W Address: FFFFFFBEH

exmc | o | o | o | o | o | o | o |[swmse]

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.

(1) InV850ES/SG2

Area (Bus Width) Internal ROM (32 Bits) Internal RAM (32 Bits) External Memory (16 Bits)
Bus Cycle Type
Instruction fetch (normal access) 1 e 3+ n"e?
Instruction fetch (branch) 2 otete! 3+
Operand data access 3 1 3+n"*?

Notes 1. Increases by 1 if a conflict with a data access occurs.
2. 2+ nclocks (n: Number of wait states) when the separate bus mode is selected.

Remark Unit: Clocks/access

<R> (2) InV850ES/SG2-H

Area (Bus Width) Internal ROM (32 Bits) Internal RAM (32 Bits) External Memory (16 Bits)
Bus Cycle Type
Instruction fetch (normal access) 1 qhere? 3+ n"e?
Instruction fetch (branch) 3 oot 3+ n"e?
Operand data access 4 1 3+n"*?

Notes 1. Increases by 1 if a conflict with a data access occurs.
2. 2+ nclocks (n: Number of wait states) when the separate bus mode is selected.

Remark Unit: Clocks/access
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5.5.2 Bus size setting function

Each external memory area selected by memory block n can be set by using the BSC register. However, the bus
size can be set to 8 bits and 16 bits only.

<R> The external memory areas of the V850ES/SG2 and VB50ES/SG2-H are selected in memory blocks 0 to 3.

(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| o | 1+ | o | 1+ | o | 1+ | o | 1 |
7 6 5 4 3 2 1 0
| o |Bsso| o |Bs2o| o |Bswo| o | Bsoo |
L L L L1
Memory block 3 Memory block 2 Memory block 1 Memory block 0
BSn0 Data bus width of memory block n space (n =0 to 3)
0 8 bits
1 16 bits

Caution Be sure to set bits 14, 12, 10, and 8 to “1”, and clear bits 15,13, 11,9, 7, 5, 3, and 1 to “0”.
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5.5.3 Access by bus size
<R> The VB50ES/SG2 and V850ES/SG2-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.

<R> The V850ES/SG2 and V850ES/SG2-H support only the little-endian format.

Figure 5-2. Little-Endian Address in Word

24 23 16 15 87
000BH |  000AH | 0009 | 0008H
o007H 0006H o00sH 0004H
0003H 0002H 0001H 0000H

(1) Data space
<R> The VB50ES/SG2 and V850ES/SG2-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
g:
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 04

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
0 0

Halfword data External data
bus

<2> Access to odd address (2n + 1)

First access Second access
Address Address
15 15 157 E
on + 1 :
8 8
7 7
i on 2n+2
0 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.
0L}

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

~ 0o

0

Address

4in + 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| | 241 |
23 23
16 || Address 16 || Address
15 15 15 15
4n + 3 4n+5
8[| 8 8| | 8
7 7 7 7
4n +2 an+ 4
ol | 0 oL 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
81 | 8 8 | 8 |
7 7. 7 7
Do 4n+4
0l | 0._. o[ | 0 |
Word data External data Word data External data
bus bus

31

24
23

16
15

0

Third access

15

~ 0o

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)

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 7T 1 7
4n 4n +1 4n +2 4n + 3
0L | 0 0L | 0 (o} I 0 0| 0
Word data External data Word data External data Word data External data Word data External data
bus bus bus bus
<2> Access to address (4n + 1)
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
7 7 7 7 7 7 7
4n +1 4n +2 4n + 3 4n + 4
0| 0 0| 0 0L | 0 0L | 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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(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 7 711 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
7T 1 7 71 1 7 711 7 711 7
4n + 3 4n + 4 4n +5 4n +6
0| 0 0| 0 0[] 0 0L | 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 memory block 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 V850ES/SG2-H is used in separate bus mode and operated at fxx > 20 MHz, be
sure to insert one or more wait.

After reset: 7777H RW Address: FFFFF484H

15 14 13 12 11 10 9 8
DWCO| 0 ‘ DW32 ‘ DW31 ‘ DW30 ‘ 0 ‘ DW22 ‘ DW21 ‘ DW20 |
| Memory block 3 | | Memory block 2 |
7 6 5 4 3 2 1 0
| o | owr | owr | owio| o | owo2 | owor | pwoo |
| Memory block 1 | | Memory block O |
DWn2 DWn1 DWnO Number of wait states inserted in
CSn space (n=0to 3)
Multiplexed bus Separate bus
fxx <20 MHz fxx > 20 MHz
0 0 0 None 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

Caution Be sure to clear bits 15, 11,7, and 3 to “0”.

User's Manual U16541EJ5V1UD 197



CHAPTER 5 BUS CONTROL FUNCTION

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 (WTI’).

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.

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 5-3. Inserting Wait Example

(a) Multiplexed bus

‘ T ‘ T2 ‘ ™ ‘ ™W ‘ ™ ‘ T3 ‘
oot [ [ [ L LI 1L L[
WAIT pin / \ \ / / \—

Wait via WAIT pin / \
Programmable wait / \
Wait control / \
(b) Separate bus
‘ T ‘ ™ ‘ T™W ‘ T™W ‘ T2 ‘

wor LI LI LI LI LI LI L
T 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 or address-hold waits to be inserted in each bus cycle can be set by using the AWC register.
Address wait insertion is set for each memory block area (memory blocks 0 to 3).

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.

<R> 3. When the V850ES/SG2-H is operated at fxx > 20 MHz, be sure to insert the address-hold
wait and the address-setup wait.

After reset: FFFFH R/W Address: FFFFF488H

15 14 13 12 11 10 9 8
AWC| 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 |
7 6 5 4 3 2 1 0

| Anws | asws | aHwz | asw2 | aHwi | Aswt | aHwo | Aswo |

Memory block 3 Memory block 2 Memory block 1 Memory block 0

AHWn Specifies insertion of address hold wait (n = 0 to 3)
<R> fxx < 20 MHz fx > 20 MHz
0 Not inserted Setting prohibited
1 Inserted Inserted
ASWn Specifies insertion of address setup wait (n = 0 to 3)
<R> fxx < 20 MHz fxx > 20 MHz
0 Not inserted Setting prohibited
1 Inserted Inserted

Caution Be sure to set bits 15 to 8 to “1”.
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5.7 Idle State Insertion Function

To facilitate interfacing with low-speed memories, one idle state (Tl) can be inserted after the T3 state in the bus
cycle that is executed for each space selected by the memory block 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
secc| 1+ | o | 1+ | o | 1 ] o | 1 ] o |
7 6 5 4 3 2 1 0
[ Bost | o [ B2t | o [ Bt | o | Bcot | o |
] LT LT LT
Memory block 3 Memory block 2 Memory block 1 Memory block O
BCn1 Specifies insertion of idle state (n = 0 to 3)
0 Not inserted
1 Inserted

Caution Be sure to set bits 15, 13, 11, and 9 to “1”, and clear bits 14, 12, 10, 8, 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
manipulation instruction

Between read access and write
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
<3> End of current bus cycle

<4> Shift to bus idle status

Normal status

<5> HLDAK =0

<6> HLDRAQ = 1 acknowledged

Bus hold status

<7> HLDAK =1
<8> Bus cycle start request inhibition released
<9> Bus cycle starts

HLDRQ (input)

Normal status

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, and IDLE2 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 5-4. Bus Priority

Priority External Bus Cycle Bus Master
High Bus hold External device
DMA transfer DMAC
Operand data access CPU
Instruction fetch (branch) CPU
Low Instruction fetch (successive) CPU
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5.10 BusTiming

Figure 5-4. Multiplexed Bus Read Timing (Bus Size: 16 Bits, 16-Bit Access)

T1ET25T3E ET1ET25TWETWET35TIET1

evorr T ML LML ML LT L L L

A21toA16:EX Al X::X A2 EXAS
! : : ! ’_'_\ : : : : ! ! :

wr /TN L 7N TN
SEUIC O R OO T SR TS S T
A e e -

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 5-5. Multiplexed Bus Read Timing (Bus Size: 8 Bits)

5T1 ; T2 ; TSE §T1 ; T2 ; TW ; T™W ; T3 ; Tl ; ™ .
cwour || | L] L L L L L L L L L |

A21 to A16, E E | | E E
AD15 to AD8 _J L AT X::X : ;A2

ASTB |

AD7t0ADO Y A1 Y D1 Deeeee-- GZ:X A2 X Do >
o N A

' ' '
-

1

"Idle state'

Programmable External
wait wait

Remark The broken lines indicate high impedance.
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Figure 5-6. Multiplexed Bus Write Timing (Bus Size: 16 Bits, 16-Bit Access)
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Figure 5-8. 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 2-2 for the pin statuses in the bus hold mode.

2. The broken lines indicate high impedance.

Remarks 1.
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Figure 5-9. Separate Bus Read Timing (Bus Size: 16 Bits, 16-Bit Access)
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Remark The broken lines indicate high impedance.

Figure 5-10. Separate Bus Read Timing (Bus Size: 8 Bits)

ees

-

AD7 to ADO -~

Programmable External

. Idle state

wait

wait

Remark The broken lines indicate high impedance.
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Figure 5-11. Separate Bus Write Timing (Bus Size: 16 Bits, 16-Bit Access)
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Figure 5-13. Separate Bus Hold Timing (Bus Size: 8 Bits, Write)

DTt T2 0 TD T2 LTl TH L TH D TH L OTH L TRl T1 D T2

CLKOUT i | i | | | | | | | | | | | | | | | | | | | | | |
more T N\ L T

o T

O s S (- SRS = e T
O e VY W A I T o o
WR1, WRO 511 :10 511 ;10 ;11 \ -------- -------- ------- ------- f 1;1 W 511

Note This idle state (TI) does not depend on the BCC register settings.

Remark The broken lines indicate high impedance.

Figure 5-14. Address Wait Timing (Separate Bus Read, Bus Size: 16 Bits, 16-Bit Access)

Tl T2 LTASW | T1 | TAHW | T2

CLKOUT _|_|__|_|_ CLKOUT _l | | | | |
ASTB %k\: /_— ASTB / %///k\x\\s\ \\:
WAIT //& \ WAT ! AN 3

= N\
: 7 7 =
A21t0 A0 A1 X: A21t0AD / A1 :

L

TN . : — N\
2\ %/ A\
AD15 to ADO ---%/%Ajm ) AD15 to ADO - --+5% ///%\&\\\ D1\; )

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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CHAPTER 6 CLOCK GENERATION FUNCTION

Overview

The following clock generation functions are available.

O Main clock oscillator

¢ In clock-through mode
V850ES/SG2: fx =2.5to 10 MHz (fxx = 2.5 to 10 MHz)
VB850ES/SG2-H: fx =2.5to 8 MHz (fxx = 2.5 to 8 MHz)

e In PLL mode
V850ES/SG2: fx = 2.5 t0 5 MHz (fxx = 10 to 20 MHz)
VB850ES/SG2-H: fx =2.5to 5 MHz (x4: fxx = 10 to 20 MHz)

fx = 2.5 to 4 MHz (x8: fxx = 20 to 32 MHz)

Subclock oscillator

o fxT=32.768 kHz

Multiply (x4/x8) function by PLL (Phase Locked Loop)

¢ Clock-through mode/PLL mode selectable

Internal oscillator

e fR=200 kHz (TYP.)

Internal system clock generation

o 7 steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)

Peripheral clock generation

Clock output function

Remark fx: Main clock oscillation frequency
fxx: Main clock frequency
fxt: Subclock frequency
fr: Internal oscillation clock frequency
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6.2 Configuration

Figure 6-1. Clock Generator

FRC bit
XT10-] f Timer M clock
SUb.ﬁlciCk X bxr Watch timer clock,
XT20—{ osciflator watchdog timer 2 clock
— 12
Prescaler 3 fera = f2 to /2 Watch timer clock
IDLE
MCK MFRC| PLLON contral anLss , CK3
bit bit bit IDLE mode _ 1
| | | CK2 to CKO
X1 O~ . f fxx bits
Maln. clock X PLL [ IDLE |7 Prescaler 2 Note
X20— oscillator i) control J_ HALT
T 2 s
o fod32 o mode
Main clock @ /16 o
oscillator XX = 17} =
stop control fxx/8 *8 | ‘8 |, o |HALT}foru CPU clock
fxx/4 % % control
STOP mode fr/2 @ — @ fok  Internal
SELPLL bit | system clock
fxx
Intgrnal fr 1/8 divider fr/8 Watchdog timer 2 clock,
oscillator timer M clock
RSTOP bit
CLKOUTO=— PortCM
fxx to fxx/1,024  Peripheral clock,
I~ Prescaler 1 watchdog timer 2 clock
fo CAN controller

Note The internal oscillation clock is selected when the watchdog timer 2 overflows during the oscillation
stabilization time.

Remark fx: Main clock oscillation frequency
fxx:  Main clock frequency
fck:  Internal system clock frequency
fx: Subclock frequency
fcru:  CPU clock frequency
fera: Watch timer clock frequency
fR: Internal oscillation clock frequency
fcan:  CAN clock frequency
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O

)

@)

@

®)

6)
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Main clock oscillator
The main resonator oscillates the following frequencies (fx).

¢ In clock-through mode
V850ES/SG2: fx =2.5t0 10 MHz
V850ES/SG2-H: fx=2.5t0 8 MHz
¢ In PLL mode
V850ES/SG2: fx =2.5t0 5 MHz
VB50ES/SG2-H: fx =2.5105 MHz (x4)
fx = 2.5 to 4 MHz (x8)

Subclock oscillator
The sub-resonator oscillates a frequency of 32.768 kHz (fxT).

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 200 kHz (TYP.).

Prescaler 1

This prescaler generates the clock (fxx to fxx/1,024) to be supplied to the following on-chip peripheral functions:
TMPO to TMP5, TMQO, TMMO, CSIBO to CSIB4, UARTAO to UARTA2, I°C00 to 1°C02"* ', ADC, WDT2,
CANOQ""** and IEBus"**

Notes 1. I°C bus versions (Y products) only
2. CAN controller versions only
3. |EBus 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 (fcuk).

fck is the clock supplied to the INTC, ROM correction, ROM, and 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 (32.768 kHz)
and supplies that clock to the watch timer block.

For details, see CHAPTER 10 WATCH TIMER FUNCTIONS.
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(8) PLL

This circuit multiplies the clock generated by the main clock oscillator (fx) by x4 or x8.

It operates in two modes: clock-through mode in which fx is output as is, and PLL mode in which a multiplied
clock is output. These modes can be selected by using the PLLCTL.SELPLL bit.

Whether the clock is multiplied by x4 or x8 is selected by the CKC.CKDIVO0 bit, and PLL is started or stopped
by the PLLCTL.PLLON bit.

6.3 Registers

(1) Processor clock control register (PCC)

214

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 input sets this register to 03H.
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After reset: 03H

R/W Address: FFFFF828H

7 <6> 5 <4> <3> 2 1 0
Pcc | FRC | Mck | MFRC | cLs™e | ck3 | cke | oki | cko |
FRC Use of subclock on-chip feedback resistor
0 Used
1 Not used
MCK Main clock oscillator control
0 Oscillation enabled

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

CLGNete Status of CPU clock (fceu)
0 Main clock operation
1 Subclock operation

CK3 CKk2 CK1 CKO Clock selection (fcik/fepu)

0 0 0 0 fxx
0 0 0 1 fxx/2
0 0 1 0 fxx/4
0 0 1 1 xx/8
0 1 0 0 fxx/16
0 1 0 1 fxx/32
0 1 1 X Setting prohibited
1 X X X fxr

Note The CLS bit is a read-only bit.

Cautions 1. Do not change the CPU clock (by using the CK3 to CKO bits) while CLKOUT is being

output.

2. Use a bit manipulation instruction to manipulate the CK3 bit.
manipulation instruction, do not change the set values of the CK2 to CKO bits.

Remark x:don’tcare

When using an 8-bit

User's Manual U16541EJ5V1UD

215



CHAPTER 6 CLOCK GENERATION FUNCTION

(a) Example of setting main clock operation — subclock operation
<1> CKB bit « 1: Use of a bit manipulation instruction is recommended. Do not change the CK2
to CKO bits.
<2> Subclock operation: Read the CLS bit to check if subclock operation has started. It takes the
following time after the CK3 bit is set until subclock operation is started.
Max.: 1/fxt (1/subclock frequency)
<3> MCK bit « 1: Set the MCK bit to 1 only when stopping the main clock.

Cautions 1. When stopping the main clock, stop the PLL. Also stop the operations of the on-chip
peripheral functions operating with the main clock.
2. If the following conditions are not satisfied, change the CK2 to CKO0 bits so that the
conditions are satisfied, then change to the 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 bits CK2 to

CKO
[Description example]
_DMA_DISABLE:
clrl 0, DCHCn[r0] -- DMA operation disabled. n=01t0 3
<1> _SET SUB_RUN :
st.b r0, PRCMD[rO0]
setl 3, PCC[x0] -- CK3 bit « 1
<2> _CHECK_CLS :
tstl 4, PCC[rO0] -- Wait until subclock operation starts.
bz _CHECK_CLS
<3> _STOP_MAIN_CLOCK :
st.b r0, PRCMD[rO0]
setl 6, PCC[r0] -- MCK bit « 1, main clock is stopped.
_DMA_ENABLE:
setl 0, DCHCn[r0] -- DMA operation enabled. n=01to0 3

Remark The description above is simply an example. Note that in <2> above, the CLS bit is read in a
closed loop.
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(b) Example of setting subclock operation — main clock operation

<1>
<2>

<3>

<4>

MCK bit « 1: Main clock starts oscillating
Insert waits by the program and wait until the oscillation stabilization time of the main clock elapses.
CK3 bit « 1: Use of a bit manipulation instruction is recommended. Do not change the
CK2 to CKaO bits.
Main clock operation: It takes the following time after the CKS3 bit is set until main clock operation
is started.
Max.: 1/fxt (1/subclock frequency)
Therefore, insert one NOP instruction immediately after setting the CK3 bit
to 0 or read the CLS bit to check if main clock operation has started.

Caution Enable operation of the on-chip peripheral functions operating with the main clock only

after the oscillation of the main clock stabilizes. If their operations are enabled before
the lapse of the oscillation stabilization time, a malfunction may occur.

[Description example]

<1>

<2>

<3>

<4>

_DMA_DISABLE:

clrl 0, DCHCn[r0] -- DMA operation disabled. n=01to 3
_START_MATIN_OSC

st.b r0, PRCMD[rO0] -- Release of protection of special registers
clrl 6, PCC[r0] -- Main clock starts oscillating.

movea 0x55, r0, rll -- Wait for oscillation stabilization time.
_WAIT_OST :

nop

nop

nop

addi -1, rll, ril1l

cmp r0, rill

bne _WAIT OST

st.b r0, PRCMD[rO0]

clrl 3, PCC[r0] --CK3«0

_CHECK_CLS

tstl 4, PCC[r0] -- Wait until main clock operation starts.
bnz _CHECK_CLS

_DMA_ENABLE:

setl 0, DCHCn[rO0] -- DMA operation enabled. n=01t0o 3

Remark The description above is simply an example. Note that in <4> above, the CLS bit is read in a

closed loop.
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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

4 3 2 1 <0>
rev | o | o | o | o | o | o | o [rstor]
RSTOP Oscillation/stop of internal oscillator
0 Internal oscillator oscillating
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) 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 00H.

After reset: O0HN°t R Address: FFFFF82EH

3 1 0
cc,s | o | o | o | o | o | o | o |ceLsF|
CCLSF CPU operation clock status
0 Operating on main clock (fx) or subclock (fxr).
1 Operating on internal oscillation clock (fr).

Note If WDT overflow occurs during oscillation stabilization 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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6.4 Operation

6.4.1 Operation of each clock

The following table shows the operation status of each clock.

Table 6-1. Operation Status of Each Clock

Register Setting and PCC Register
Operation Status CLK Bit = 0, MCK Bit = 0 CLSBit=1, CLS Bit=1,
MCK Bit=0 MCK Bit = 1
During During HALT IDLE1, | STOP |Subclock [Sub-IDLE|Subclock |Sub-IDLE
Reset | oOscillaton | Mode IDLE2 Mode Mode Mode Mode Mode
Stabilization Mode
Target Clock Time Count
Main clock oscillator (fx) v v \ \ x
Subclock oscillator (fx) v \ \ \/ S v
CPU clock (fcpu) x x x x x \ x v x
Internal system clock (fcLk) X X \ X X S X N X
Main clock (in PLL mode, fxx) x e v x x S \ x x
Peripheral clock (fxx to fxx/1,024) X X v X X \ X X X
WT clock (main) \ \ N X \ S X x
WT clock (sub) v v v v \ \/ S y \/
WDT2 clock (internal oscillation) X \ \ v N N N N N
WDT?2 clock (main) x v x x \ x x x
WDT2 clock (sub) v \ \ v N N N v N

Note Lockup time

Remark +: Operable
x: Stopped

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 functions alternately as 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 6-1 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 Hi-Z.
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6.5 PLL Function

6.5.1 Overview

<R> In the VB50ES/SG2 and V850ES/SG2-H, an operating clock that is 4 or 8 times higher than the oscillation
frequency output by the PLL function or the clock-through mode can be selected as the operating clock of the CPU
and on-chip peripheral functions.

e VB850ES/SG2
When PLL function is used: Input clock = 2.5 to 5 MHz (output: 10 to 20 MHz)
Clock-through mode: Input clock = 2.5 to 10 MHz (output: 2.5 to 10 MHz)
<R> e V850ES/SG2-H
When PLL function is used (x4): Input clock = 2.5 to 5 MHz (output: 10 to 20 MHz)
When PLL function is used (x8): Input clock = 2.5 to 4 MHz (output: 20 to 32 MHz)
Clock-through mode: Input clock = 2.5 to 8 MHz (output: 2.5 to 8 MHz)

6.5.2 Registers

(1) 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

6 5 4 3 2 <1> <0>
pett | o | o | o | o | o | o [sELpLL]| PLLON |
PLLON PLL operation stop register

0 PLL stopped

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

<R> Cautions 1. To stop the PLL operation, 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.

2. The SELPLL bit can be set to 1 only when the PLL clock frequency is stabilized. If not
(unlocked), “0” is written to the SELPLL bit if data is written to it.
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(2) 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 controls the internal system clock in the PLL mode.
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

4 3 2 1 0
ckec [ o 0 1 0 1 | cKDIVO |
CKDIVO Internal system clock (fxx) in PLL mode

0 fxx = 4 x fx (fx = 2.5 t0 5.0 MHz)

1 VB50ES/SG2:  fux = 8 x fx (fx = 2.5 MHz)
V850ES/SG2-H: fxx = 8 x fx (fx = 2.5 to 4.0 MHz)

Cautions 1. The PLL mode cannot be used in case of the following oscillation frequency.

e V850ES/SG2: 5.0 MHz < fx < 10.0 MHz
e V850ES/SG2-H: 5.0 MHz < fx < 8.0 MHz

2. Before changing the multiplication factor between 4 and 8 by using the CKC register,

set the clock-through mode and stop the PLL.

3. Be sure to set bits 3 and 1 to “1” and clear bits 7 to 4 and 2 to “0”.

Remark Both the CPU clock and peripheral clock are divided by the CKC register, but only the CPU clock

is divided by the PCC register.
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(3) 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: O0H R Address: FFFFF824H

5 4 3 2 1 <0>
ockR [ 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
e 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.CK3 bit to 1 and setting of
PCC.MCK bit 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]

e Upon overflow of oscillation stabilization time following reset release (OSTS register default time (see
24.2 (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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(4) 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

7 6 5 4 3 2 1 0
PLLS | o0 0 0 0 0 o | PLLSt | PLLSO |
PLLSA PLLSO Selection of PLL lockup time
0 0 210/
0 1 21k
1 0 212/fx
1 1 2'3/fx (default 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.

6.5.3 Usage

(1) When PLL is used

o After the reset signal has been released, the PLL operates (PLLCTL.PLLON bit = 1), but because the default
mode is the clock-through mode (PLLCTL.SELPLL bit = 0), select the PLL mode (SELPLL bit = 1).

e To enable PLL operation, first set the PLLON bit to 1, and then set the SELPLL bit to 1 after the
LOCKR.LOCK bit = 0. To stop the PLL, first select the clock-through mode (SELPLL bit = 0), wait for 8
clocks or more, and then stop the PLL (PLLON bit = 0).

e The PLL stops during transition to IDLE2 or STOP mode regardless of the setting and is restored from
IDLE2 or STOP mode to the status before transition. The time required for restoration is as follows.

(a) To set the IDLE2/STOP mode in clock through mode
e STOP mode: Set the OSTS register so that the oscillation stabilization time is 1 ms (MIN.) or more.
o IDLE2 mode: Set the OSTS register so that the setup time is 350 us (MIN.) or more.
<R> (b) To set IDLE2/STOP mode in PLL operation mode
e STOP mode: Set the OSTS register so that the oscillation stabilization time is 1 ms (MIN.) or more.
o IDLE2 mode: Set the OSTS register so that the setup time is 800 us (MIN.) or more.

When shifting to the IDLE1 mode, the PLL does not stop. Stop the PLL if necessary.
(2) When PLL is not used

¢ The clock-through mode (SELPLL bit = 0) is selected after the reset signal has been released, but the PLL is
operating (PLLON bit = 1) and must therefore be stopped (PLLON bit = 0).
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Timer P (TMP) is a 16-bit timer/event counter.
<R> The VB50ES/SG2 and V850ES/SG2-H have six timer/event counter channels, TMPO to TMP5.

7.1 Overview
An outline of TMPn is shown below.

¢ Clock selection: 8 ways
o Capture/trigger input pins:

¢ External event count input pins:

o External trigger input pins:

e Timer/counters:

e Capture/compare registers:

o Capture/compare match interrupt request signals:
¢ Overflow interrupt request signals:

N = DN = = =2 N

e Timer output pins:
Remark n=0to5
7.2 Functions
TMPn has the following functions.
¢ Interval timer
e External event counter
e External trigger pulse output
¢ One-shot pulse output
e PWM output
e Free-running timer

¢ Pulse width measurement

Remark n=0to5
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7.3 Configuration

TMPn includes the following hardware.

Table 7-1. Configuration of TMPn

ltem

Configuration

Timer register

16-bit counter x 1 each

Registers TMPn capture/compare registers 0, 1 (TPNnCCRO, TPnCCR1)
TMPn counter read buffer register (TPNCNT)
CCRO, CCRH1 buffer registers

Timer inputs 2 (TIPnO™*", TIPn1 pins)

Timer outputs

2 (TOPNO, TOPnN1 pins)

Note 2

Control registers

TMPn control registers 0, 1 (TPnCTLO, TPnCTL1)
TMPn 1/O control registers 0 to 2 (TPnIOCO to TPnIOC2)

TMPn option register 0 (TPNOPTO)

Notes 1. The TIPnO 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 TIPnO, TIPn1, TOPnO, and TOPn1 pins, see Table 4-15 Using Port
Pin as Alternate-Function Pin.

Remark n=0to5

Figure 7-1. Block Diagram of TMPn

INTTPNOV

Output
controller

(O TOPNnO
—OTOPN1

Notes 1. TMPO, TMP2, TMP4
2. TMP1, TMP3, TMP5

Remark fxx: Main clock frequency

S Internal bus
fxx —=] TPnCNT
fxx/2 —=]
fxx/d —= 5 ﬁ
fxx/8 —=1 ‘g —
fxx/16 — I 16-bit counter
fxx/32 —{ @ 3 Clear
64N, fo2mENote2 —mr 8 1) ]
fxx/128N0t 1, fxx/512Note 2 —m ﬁ NS
CCRO ‘ ‘
buffer
register CCR1
ﬁ buffer
register
5
TIPn0 O~ 82 TPnCCRO i
TIPn1 O~ W g TPnCCR1
||
S Internal bus

—=F———= INTTPnCCO

INTTPNCCH
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(1)

()

@)

)

(5)

(6)
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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 TPnCNT register.

When the TPnCTLO.TPnCE bit = 0, the value of the 16-bit counter is FFFFH. If the TPNnCNT register is read at
this time, 0000H is read.

Reset sets the TPnCE 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 TPnCCRO register is used as a compare register, the value written to 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, a compare match interrupt request signal (INTTPnCCO) is generated.

The CCRO buffer register cannot be read or written directly.

The CCRO buffer register is cleared to 0000H after reset, as the TPNCCRO 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 TPnCCR1 register is used as a compare register, the value written to 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.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is cleared to 0000H after reset, as the TPNCCR1 register is cleared to 0000H.

Edge detector

This circuit detects the valid edges input to the TIPnO and TIPn1 pins. No edge, rising edge, falling edge, or
both the rising and falling edges can be selected as the valid edge by using the TPnlIOC1 and TPnlOC2
registers.

Output controller
This circuit controls the output of the TOPnO and TOPn1 pins. The output controller is controlled by the
TPnIOCO 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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7.4 Registers

The registers that control TMPn are as follows.

e TMPn control register 0 (TPnCTLO)

e TMPn control register 1 (TPnCTL1)

e TMPn 1/O control register 0 (TPnIOCO)

e TMPn /O control register 1 (TPnIOC1)

e TMPn 1/O control register 2 (TPnIOC2)

e TMPn option register 0 (TPNOPTO)

e TMPn capture/compare register 0 (TPnCCRO)
e TMPn capture/compare register 1 (TPnCCR1)
e TMPn counter read buffer register (TPNnCNT)

Remarks 1. When using the functions of the TIPn0O, TIPn1,TOPnO, and TOPn1 pins, see Table 4-15 Using Port

Pin as Alternate-Function Pin.
2. n=0to5
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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, TP1

CTLO FFFFF5A0H,

TP2CTLO FFFFF5BOH, TP3CTLO FFFFF5COH,
TP4CTLO FFFFF5DOH, TP5CTLO FFFFF5EOH

<7> 3 2 1 0
TPRCTLO [ TPACE| ©0 | o0 | 0 | 0 |TPnCKS2|TPnCKS1|TPnCKSO|
(n=0to5)
TPnCE TMPn operation control
0 TMPn operation disabled (TMPn reset asynchronouslyM°®).
1 TMPn operation enabled. TMPn operation started.
TPnCKS2| TPnCKS1| TPnCKSO0 Internal count clock selection
n=0,24 n=1,35
0 0 0 fxx
0 0 1 /2
0 1 0 fxx/4
0 1 1 fxx/8
1 0 0 fxx/16
1 0 1 fxx/32
1 1 0 fxx/64 fxx/256
1 1 1 fxx/128 fxx/512

Note The TPnOPTO.TPnOVF bit and 16-bit counter are reset at the same time.
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 TPnCKSO0 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 fxx: Main clock frequency

()
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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.
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Cautions 1.

Afterreset: 00H R/  Address: TPOCTL1 FFFFF591H, TP1CTL1 FFFFF5ATH,
TP2CTL1 FFFFF5B1H, TP3CTL1 FFFFF5CTH,
TP4CTL1 FFFFF5D1H, TP5CTL1 FFFFF5E1H

<6> <5> 4 3 2 1 0
TPnCTLt | 0 | TPnEST| TPnEEE| o 0 |TPnmD2 | TPAMD1 | TPRMDO |
(n=0to5)
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.
e 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.TPnCKSO0
to TPnCKS2 bits.)
1 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.
TPnMD2 | TPnMD1 | TPnMDO 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
The TPnEST bit is valid only in the external trigger pulse output mode or the 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 TPnEEE bit.

3. Set the TPnEEE and TPnMD2 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.
4. Be sure to clear bits 3,4, and 7 to “0”.
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(3) TMPn I/O control register 0 (TPnIOCO0)
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,
TP4I0CO FFFFF5D2H, TP5I0C0 FFFFF5E2H

4 3 <2> 1 <0>
TPnioco | o | o | o | o |TPnoLt|TPnOE1 ] TPnOLO | TPROED |
(n=0to5)
TPnOLA TOPnN1 pin output level setting°te
0 TOPN1 pin high level start
1 TOPN1 pin low level start
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 setting°te

0 TOPNO pin high level start

1 TOPNO pin low level start

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 TOPNO pin).

Note The output level of the timer output pins (TOPn0O, TOPn1) specified by the TPnOLm bit is shown

below (m =0, 1).

e When TPnOLm bit =0 e When TPnOLm bit = 1
16-bit counter | ) 16-bit counter I J
TPnCE bit __ [ TPnCE bit __ [
TOPNm pin output _|_|_ TOPNm pin output _|_,_

Cautions 1. The pin output changes if the setting of the TPnlOCO register is rewritten when the port

is set to output TOPn0 and TOPn1. 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 TPnOLm bit is manipulated when the TPnCE and TPhnOEm bits are 0, the
TOPnm pin output level varies (m = 0, 1).
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(4) 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).
<R> 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, TP3IOC1 FFFFF5C3H,
TP4I0C1 FFFFF5D3H, TP5I0C1 FFFFFSE3H

4 3 2 1 0
tPrioct [ o | o | o | o | TPnis3 | TPnis2 | TPist | TPniSO |
(n=0to5)
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 (TIPnO 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 TPnIS0 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 to TPnISO bits are valid only in the free-running timer mode (only when
TPnOPTO0.TPnCCS1, TPnCCSO0 bits = 11) and the pulse width measurement mode. In all
other modes, a capture operation is not possible.
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(5) 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

4 3 2 1 0
TPRioc2 | o | o | o | o |TPnEES1|TPnEESO|TPRETS|TPETSO|
(n=0to5)

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| TPnETSO| 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 TPnETSO0 bits when the TPnCTLO0.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.
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(6) 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 FFFFF5C5H,
TP4OPTO FFFFF5D5H, TPSOPTO FFFFFSE5H

7 6 5 4 3 2 1 <0>
TPOPTO | 0 o |tPnccsttenccso] o 0 | TPnOVF|
(n=0to5)
TPnCCSH1 TPnCCR1 register capture/compare selection
0 Compare register selected
<R> 1 Capture register selected (cleared by setting TPnCTLO.TPnCE bit = 0)
The TPnCCS1 bit setting is valid only in the free-running timer mode.
TPnCCS0 TPnCCRO register capture/compare selection
0 Compare register selected
<R> 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 to 1 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 INTTPnQV 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 TPnOPTO
register are read when the TPnOVF bit = 1.

<R> * 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 TPnOVF bit cannot be set
to 1 by software. Writing 1 has no influence on the operation of TMPn.

Cautions 1. Rewrite the TPNnCCS1 and TPnCCSO 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”.
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(7) 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.TPNCCSO 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, see 3.4.9
(2) Accessing specific on-chip peripheral I/O registers.
¢ When the CPU operates with the subclock and the main clock oscillation is stopped
¢ When the CPU operates with the internal oscillation clock

After reset: 0000H R/W Address:  TPOCCRO FFFFF596H, TP1CCRO FFFFF5A6H,
TP2CCRO FFFFF5B6H, TP3CCRO FFFFF5C6H,
TP4CCRO FFFFF5D6H, TP5CCRO FFFFF5E6H

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
piacte s I I I I N B B N

(n=0to5)
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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, 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 TPnCTLO.TPnCE bit = 0.

(b) Function as capture register
When the TPnCCRO 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 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=0to5

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 7-2. 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 TPNnCCR1 register

Remark For details of anytime write and batch write, see 7.6 (2) Anytime write and batch write.
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(8) 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 TPnCCRH1 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 TPnCCR1 register is prohibited in the following statuses. For details, see
3.4.9 (2) Accessing specific on-chip peripheral I/O registers.
¢ When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

Afterreset: 0000H ~ R/W  Address: TPOCCR1 FFFFF598H, TP1CCR1 FFFFF5A8H,
TP2CCR1 FFFFF5B8H, TP3CCR1 FFFFF5C8H,
TP4CCR1 FFFFF5D8H, TP5CCR1 FFFFF5E8H

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wocert | | [ | [ [ L[]

(n=0to5)
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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
When the TPnCCRH1 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 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=0t05

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
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 TPnCCR1 register

Remark For anytime write and batch write, see 7.6 (2) Anytime write and batch write.
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(9) 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.
The value of the TPNnCNT register is cleared to 0000H when the TPnCE bit = 0. If the TPnCNT 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 TPNCNT register is cleared to 0000H after reset, as the TPnCE bit is cleared to 0.

Caution Accessing the TPNnCNT register is prohibited in the following statuses. For details, see 3.4.9
(2) Accessing specific on-chip peripheral I/O registers.
e When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

Afterreset: 0000H R Address:  TPOCNT FFFFF59AH, TP1CNT FFFFF5AAH,
TP2CNT FFFFF5BAH, TP3CNT FFFFF5CAH,
TP4CNT FFFFF5DAH, TPS5CNT FFFFFSEAH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L L N O O R B
(n=0to5)
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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 7-4. 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

None

Remark n=0to5

Table 7-5. Truth Table of TOPn0 and TOPn1 Pins Under Control of Timer Output Control Bits

TPnlOCO.TPnOLm Bit

TPnlOCO.TPnOEm Bit

TPnCTLO.TPnCE Bit

Level of TOPnm 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=0to5
m=0,1
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7.6 Operation

TMPn can perform the following operations.

Operation

TPnCTL1.TPnEST Bit
(Software Trigger Bit)

TIPnO 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 TPnIOC1.TPnIS1 and TPnIOC1.TPnIS0 bits to “00”).
2. To use the external trigger pulse output mode, one-shot pulse output mode, or pulse width measurement
mode, select the internal clock (by setting the TPNnCTL1.TPnEEE bit to 0) as the count clock.

Remark n=0to5
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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

242

operation in each mode.

Remark n=0to5

(a)

(b)

()

(d)

(e)

Counter start operation
The 16-bit counter of TMPn starts counting from the default value FFFFH in all modes.
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 INTTPnCCO and INTTPnCC1 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 TPnOPTO.TPnOVF bit is set to 1
and an interrupt request signal (INTTPnQOV) is generated. Note that the INTTPnOV signal is not generated
under the following conditions.

o Immediately after a counting operation has been started

o |f the counter value matches the compare value FFFFH and is cleared

o 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 (INTTPnOV) has been generated, be sure to
check that the overflow flag (TPnOVF bit) is set to 1.

Counter read operation during counting operation

The value of the 16-bit counter of TMPn can be read by using the TPnCNT register during the count
operation. When the TPnCTLO.TPnCE bit = 1, the value of the 16-bit counter can be read by reading the
TPNnCNT register. When the TPnCTLO.TPnCE bit = 0, the 16-bit counter is FFFFH and the TPnCNT
register is 0000H.

Interrupt operation
TMPn generates the following three types of interrupt request signals.

o INTTPnCCO interrupt: This signal functions as a match interrupt request signal of the CCRO buffer
register and as a capture interrupt request signal to the TPnCCRO register.

o INTTPnCC1 interrupt: This signal functions as a match interrupt request signal of the CCR1 buffer
register and as a capture interrupt request signal to the TPNnCCR1 register.

o INTTPnOV interrupt: This signal functions as an overflow interrupt request signal.
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(2) 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 5).

Figure 7-2. Flowchart of Basic Operation for Anytime Write

‘ START )

Initial settings

e Set values to TPnCCRm register
o Timer operation enable

(TPnCE bit = 1)

— Transfer values of TPNCCRm
register to CCRm buffer
register

|

TPnCCRm register rewrite
— Transfer to CCRm 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
e 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=0to5
m=0,1
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Figure 7-3. 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 TPNCCR1 register
2. The above timing chart illustrates an example of the operation in the interval timer mode.
3. n=0to5
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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
TPnCCR1 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
preset value of the TPnCCR1 register) to the TPNnCCR1 register.
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Figure 7-4. Flowchart of Basic Operation for Batch Write

‘ START )

Initial settings

|
o Set values to TPnCCRm register
 Timer operation enable (TPnCE
bit = 1)
— Transfer values of TPNCCRm
register to CCRm buffer
register

TPnCCRQO register rewrite

TPnCCRH1 register rewrite — Batch write enable

Timer operation

e Match between 16-bit counter
and CCR1 buffer registerete

e Match between 16-bit counter —— INTTPnCCO signal output
and CCRO buffer register

e 16-bit counter clear & start

¢ Transfer of values of TPNCCRm
register to CCRm 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=0to5
m=0, 1
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Figure 7-5. Timing of Batch Write

TPnCE bit =1

FFFFH — | Dos

D11/ Doz Doz A

16-bit counter / D12/ Dz / D12/ Diz ~
0000H /

TPnCCRO register Dot X Doz X Dos

P N N O N
Y

CCRO buffer register 0000H X' Do Nor2” X0 A
| | [ §_Same value write o \

[ ><

TPnCCR1 register D11 XNOt\e 2 D12 X Note 3 D12
| ] 1 1 ] 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=0to5
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<R> 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 7-6. Configuration of Interval Timer

Clear
Count clock . Output .
selection >— 16-bit counter 1 controller [~ © TOPnO pin
Match signal
J\/L aich signa INTTPnCCO signa
TPnCE bit CCRO buffer register
TPnCCRO register

Remark n=0to5

Figure 7-7. Basic Timing of Operation in Interval Timer Mode

FFFFH

. Do — Do — Do A 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=0to5
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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
(INTTPnCCO) is generated.

The interval can be calculated by the following expression.
Interval = (Set value of TPNCCRO register + 1) x Count clock cycle

Remark n=0to5

Figure 7-8. 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 TPnCCRO
and TPnCCRH1 registers to the same value.
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Figure 7-8. Register Setting for Interval Timer Mode Operation (2/3)

(c) TMPn I/O control register 0 (TPnlIOCO)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 01 ‘ 01 |

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Setting to output level of TOPnO
pin before count operation

0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Setting to output level of TOPn1
pin before count operation

0: Low level

1: High level

(d) TMPn I/O control register 2 (TPnlOC2)

TPREES1 TPnEESO TPRETS1 TPnETSO
taiocz[ 0 | o | o | o | ot | oo

L

0o | 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 TPNCCR1 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=0to5

250 Users Manual U16541EJ5V1UD




CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

Figure 7-8. Register Setting for Interval Timer Mode Operation (3/3)

<R> (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 1/O control register 1 (TPnIOC1) and TMPn option register 0 (TPnOPTO) are not
used in the interval timer mode.
2. n=0to5
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(1) Interval timer mode operation flow

Figure 7-9. Software Processing Flow in Interval Timer Mode

FFFFH

. Do — Do — Do —
16-bit counter

0000H

TPnCE bit

TPnCCRO register x Do

TOPNO pin output

INTTPnCCO signal —l —l —l

<1> <2>

<1> Count operation start flow

Cor

Register initial setting Initial setting of these registers is performed

TPnCTLO register before setting the TPnCE bit to 1.
(TPNnCKSO0 to TPNnCKS?2 bits)

TPnCTL1 register,
TPnlOCO register,
<R> TPnIOC2 registerN°te,
TPnCCRO register

The TPnCKSO to TPnCKS2 bits can be
TPnCE bit =1 set at the same time when counting has
been started (TPnCE bit = 1).

<R> Note The TPnEES1 and TPnEESO bits can be set only when timer output (TOPn1) is used. However,
set the TPNCCRO and TPNCCR1 registers to the same value.

<2> Count operation stop flow

The counter is initialized and counting is
TPnCE bit=0 stopped by clearing the TPnCE bit to 0.

The output level of the TOPNO pin is as
specified by the TPnlOCO register.
( STOP )
Remark n=0to5
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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=0to5

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

INTTPNnCCO signal

FFFFH
Interval time Interval time Interval time
10000H x 10000H x 10000H x

Remark n=0to5

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 D+

16-bit counter
! ! D2 Do Do

0000H

TPnCE bit |

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=0to5

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 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 INTTPnCCO
signal is generated and the output of the TOPNO 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 7-10. 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=0to5

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 7-11. Timing Chart When Do1 > D11

FFFFH
Dot —— Do1 —— Dot —— Dot —
16-bit counter Dt Z D11 Z D11 Z D11 Z

0000H

TPnCE bit J

TPnCCRO register Dor

TOPNO pin output

INTTPnCCO signal —| —| —| —|

TPnCCRT1 register D

TOPN1 pin output

INTTPnCC1 signal —| —| —| —|

Remark n=0to5
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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. Consequently, the
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 7-12. Timing Chart When Do1 < D11
FFFFH
Dot — Dot — Dot — Dot —
16-bit counter
0000H
TPnCE bit J
TPnCCRO register Dot
TOPNO pin output ] [
INTTPnCCO signal —| —| —| —|
TPnCCRH1 register Dn
TOPN1 pin output L
INTTPnCC1 signal L
Remark n=0to5
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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=0to5

Users Manual U16541EJ5V1UD 259



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

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
<R> 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.

<R> Caution In the external event count mode, the TPnCCRO and TPnCCR1 registers must not be cleared to

0000H.
Figure 7-13. Configuration in External Event Count Mode
Clear

TIPnO pin Edge

(external event (@—> detector >—* 16-bit counter

count input)

Match signal
% alch signa INTTPnCCO signal
TPnCE bit CCRO buffer register

it

TPnCCRO register

Remark n=0to5
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Figure 7-14. Basic Timing in External Event Count Mode

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register

INTTPnCCO signal

Note

N
/\
\

Do Do + 1 Do
x Dol'l ,"

Number of| Nymber of Number of
extenal  gytemal  external
event event event
cour']z‘e count count
(_DO) (Do+1)  (Do+1)
times times times

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=0to5

16-bit counter

External event
count input
(TIPNO pin input)

TPnCCRO register

INTTPnCCO signal

Do—1X Do

0000 X 0001

L L

L L

Do

=

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
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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.

<R> 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 7-15. 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 7-15. 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.

<R> (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).

<R> (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 TPNnCCR1 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 00H to the TPnlOCO register.

<R> 2. When the external clock is used as the count clock, the external clock can be input
only from the TIPnO pin. At this time, clear the TPnIOC1.TPnIS1 and TPnISO0 bits to
00 (capture trigger input (TIPnO pin): No edge detected).

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=0to5
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(1) External event count mode operation flow

Figure 7-16. Flow of Software Processing in External Event Count Mode

FFFFH

Do — Do — Do —
16-bit counter

0000H

TPnCE bit

TPnCCRO register x Do

INTTPnCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

o D

Register initial §etting Initial setting of these registers
TPnCTL1 register, is performed before the
TPnlOC2 register, TPnCE bit is setto 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=0to5
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(2) Operation timing in external event count mode

Cautions 1. In the external event count mode, do not set the TPNnCCR0O and TPnCCR1 registers to

0000H.

2. In the external event count mode, use of the timer output (TOPn0, TOPn1) is disabled. If
performing timer output (TOPn1) using external event count input (TIPn0), set the interval
timer mode, and set the operation enabled (TPnCTL1.TPnEEE bit = 1) by the external
event count input for the count clock (refer to 7.6.1 (3) Operation by external event count

input (TIPnO0)).

(a) Operation if TPNnCCRO 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.TPNnOVF bit is not set.

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register

INTTPnCCO signal

Remark n=0to5

FFFFH
Number of Number of Number of
external event | external event | external event
count count count
FFFFH times 10000H times 10000H times
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(b) Notes on rewriting the 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 Do—r— D2—(—
0000H
TPnCE bit
TPnCCRO register D1 D2
INTTPnCCO signal —l —l —l
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=0to5
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 7-17. Configuration of TPnCCR1 Register

TPnCCR1 register

iy

CCR1 buffer register

4 atch signa INTTPRCC1 signal
Clear
TIPNO pin Ed
ge .
(external 9vent O— detector >— 16-bit counter
count input)
Match signal
J\/L a’ch signa INTTPnCCO signal
TPnCE bit CCRO buffer register

il

TPnCCRO register

Remark n=0to5

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 7-18. Timing Chart When Do1 > D11

FFFFH

Dot — Dot — Dot — Dot —
16-bit counter D11 Z D11 Z D11 Z D11 Z

0000H

TPnCE bit

TPnCCRO register Dot

INTTPnCCO signal —| —| —| —|

TPnCCRH1 register D11

INTTPNCC1 signal —| —| —| —|

Remark n=0to5
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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 7-19. Timing Chart When Do1 < D11
FFFFH
Dot —— Dot —— Dot —— Dot —
16-bit counter
0000H
TPnCE bit
TPnCCRO register Dot
INTTPnCCO signal —| —| —| —|
TPnCCR1 register D1
INTTPNCC1 signal L
Remark n=0to5
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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 (TIPnO) 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 with a duty factor of 50% that has the set value of the TPnCCRO register + 1 as half its
cycle can also be output from the TOPNO pin.

Figure 7-20. Configuration in External Trigger Pulse Output Mode

TIPNO pinNete
(external Edge
trigger input) detector TPnCCRA1 register
{ ‘ Transfer
Software trigger )
eneration L Output _
9 CCR1 buffer register R controller =@ TOPn1 pin
( (RS-FF)
{} Match signal | | INTTPnCC1 signal
Clear
Count !
clock
selection —L Count . Output ot
start [ 16-bit counter —{ controller —=@©) TOPNO pinNete
control
{} Match signal INTTPRCCO signal
TPnCE bit CCRO buffer register
{ ? Transfer

TPnCCRO register

Note Because the external trigger input pin (TIPn0) and timer output pin (TOPNO) share the same alternate-
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=0to5
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Figure 7-21. Basic Timing in External Trigger Pulse Output Mode

FFFFH
Do Do Do Do

16-bit counter D1 Dr Z D+ Z D1 Z

0000H

TPnCE bit

External trigger input _| _|
(TIPNO pin input)

TPnCCRO 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 wave\form 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 TPnCCR1 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 buffer register.

The value set to the TPNnCCRm register is transferred to the CCRm buffer register when the count value of the 16-
bit counter matches the value of the CCRm bulffer 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=0to5 m=0, 1
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Figure 7-22. 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:
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
TPnIOCOl 0 \ 0 \ 0 \ 0 \ 0/ \ 0/1 \ 0/ ‘0/1"0*e

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Setting level of TOPn1 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 level of TOPn1 pin in
status of waiting for external trigger

0: Low level
1: High level
e When TPnOL1 bit=0 ¢ When TPnOL1 bit = 1
16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/
TOPnipinoutput _ 1 ™ 1L L I TOPn1 pinoutput —_ ™1 1L I L__

Note Clear this bit to 0 when the TOPRNO pin is not used in the external trigger pulse output mode.
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Figure 7-22. Setting of Registers in External Trigger Pulse Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPNEES1 TPnEESO TPNETS1 TPnETSO
<R>TPnIOCZ|O‘O‘O‘0‘0‘0‘0/1‘0/1'

Select valid edge of external
trigger 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 (TPnCCRO0 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 external trigger pulse output mode.
2.n=0to5
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(1) Operation flow in external trigger pulse output mode

Figure 7-23. Software Processing Flow in External Trigger Pulse Output Mode (1/2)

FFFFH

16-bit counter Doo Doo D11 D11 Doo
Do Do D1o Dio

0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register X Doo Dot Doo

CCRO buffer register X Doo X Dot X Doo

INTTPnCCO signal —| —| —| —| —| —|

TOPNO pin output —
(only when software
trigger is used) —

TPnCCRH1 register X D1o D1o D11 X D1o

CCR1 buffer register X D1o X D1o X D11 X D1o

INTTPnCC1 signal —| —| —| —| _| —|
TOPN1 pin output J J J__

<1> <2> <3> <4> <5>

Remark n=0to5
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Figure 7-23. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

<1> Count operation start flow <3> PnCCRO, TPnCCRH1 register
setting change flow
Only writing of the TPnCCR1
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
TPnCCRm register is transferred

Register initial setting Initial setting of these ‘ to the CCRm buffer register.
TPnCTLO register registers is performed !
(TPNCKSO to TPNCKS2 bits) before setting the !
TPnCTLA1 register, TPnCE bit to 1.

TPnIOCO register,
TPnIOC2 register,
TPnCCRO register,

TPnCCR1 register <4> PnCCRO, TPnCCR1 register

setting change flow

The TPnCKSO0 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 TPNCCRm

register is transferred to
the CCRm buffer register.

Setting of TPNCCR1 register

<2> TPnCCRO and TPnCCRH1 register
setting change flow

Writing the same value TPnCE bit =
Setting of TPNCCRO register (same as the TPnCCR1 nCE bit =0
register already set) to
the TPnCCR1 register is

necessary only when
the set cycle is changed. ( STOP )

When the counter is
Setting of TPNCCR1 register cleared after setting,

the value of the TPNCCRm
register is transferred to
the CCRm buffer register.

<5> Count operation stop flow

Counting is stopped.

Remark n=0to5
m=0,1
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To change the PWM waveform while the counter is operating, write the TPnCCR1 register last.

(a) Note on changing pulse width during operation

(2) External trigger pulse output mode operation timing

Rewrite the TPNCCRm register after writing the TPNCCR1 register after the INTTPnCCO signal is detected.

FFFFH

16-bit counter

0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register

CCRO buffer register

INTTPNnCCO signal

TOPNO pin output
(only when software
trigger is used)

TPnCCR1 register x

CCR1 buffer register

INTTPnCC1 signal

TOPN1 pin output

Remark n=0to5

— D

Doo 1~ Doo 4~ Doo D11
10 /| 10 /] 10 /]
Doo X Dot
Doo Dot
Do X D11
Dio D11
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276

In order to transfer data from the TPnCCRm register to the CCRm 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 TPnCCRm register is transferred to
the CCRm 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 TPnCCR1 register once, do so after the
INTTPnCCO signal is generated. Otherwise, the value of the CCRm buffer register may become undefined
because the timing of transferring data from the TPnCCRm register to the CCRm buffer register conflicts
with writing the TPNnCCRm register.

Remark n=0to5
m=0,1
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(b) 0%/100% output of PWM waveform
<R> To output a 0% waveform, set the TPNnCCR1 register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTPnCOO 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.

16-bit counter ~ FFFF X 0000 ::X Do — 1X Do 0000 X 0001 x ::X Do — 1X Do 0000 x

( ((
] )

Count clock

E

TPnCE bit

L

External trigger input

—

<R> (TIPNO pin input)
TPnCCRO register Do Do Do
? !
) )]
TPnCCRH1 register 0000H 0000H 0000H
{ {
)] )]
INTTPNnCCO signal

INTTPnCC1 signal

TOPn1 pinoutput L

Remark n=0to5

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 _|
<R> (TIPNO pin input) L "

\{ \{
)] )]

TPnCCRO register Do Do Do
i i
)] )]

TPnCCR1 register Do +1 B Do +1 B Do + 1
)] )]

INTTPnCCO signal N —| M —|
)] )]

INTTPnCC1 signal

TOPN1 pin output

Remark n=0to5
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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=0to5

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=0to5

278
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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=0to5

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
INTTPnCCO signal N
)’
—)
TOPN1 pin output
Shcﬁ&wed

Remark n=0to5
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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 Di1—-1 X Di—1 D1 X D1 +1 X D1 +2
TPnCCRH1 register D+

TOPN1 pin output

INTTPnCC1 signal —l

Remark n=0to5

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 input (TIPnO), 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 7-24. Configuration in One-Shot Pulse Output Mode

TIPnO pinNete O Edge
(external detector

trigger input)

TPnCCRH1 register

) { ;7 Transfer
Software trigger output
eneration —~1S .
¢ CCRH1 buffer register R controller [~ TOPn1 pin
(RS-FF)
{} Match signal INTTPnCC1 signal
Count Clear |
clock {
selection Count l.]g Output
start [ 16-bit counter R controller —©) TOPNO pinNete
control (RS-FF)
{} Match signal
{} g INTTPnCCO signal
TPnCE bit CCRO buffer register
{ } Transfer |

TPnCCRO register

Note Because the external trigger input pin (TIPnO) and timer output pin (TOPn0) 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 TPnCTL1.TPnEEE bit = 0)
as the count clock.

Remark n=0t05
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Figure 7-25. 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

INTTPNnCCO signal —l —l —l

TOPNO pin output
(only when software
triggerisused) ———] _ |

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.
<R> 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. If a trigger is generated again while the
one-shot pulse is being output, it is ignored.
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=0to5
m=0,1
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Figure 7-26. Setting of Registers in One-Shot Pulse Output Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPRCKS1 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 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
TPnCKS2 bits

Generate software trigger
when 1 is written

(c) TMPn I/O control register 0 (TPnlOCO0)

TPROL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOl 0 \ 0 \ 0 \ 0 \ 0 \ 0/ \ 0/1 \0/1"“e

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 d | v | 16-bit counter v | v |
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 7-26. Setting of Registers in One-Shot Pulse Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPRETS1 TPnETSO
<R> TPnIOCZlo‘o‘o‘0‘0‘0‘0/1‘0/1|

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

<R> Caution The one-shot pulse is not output if the set value of the TPnCCR1 register is greater
than the set value of the TPnCCRO register in the one-shot pulse output mode.

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=0to5
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(1) Operation flow in one-shot pulse output mode

Figure 7-27. Software Processing 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=0to5
m=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
TPnCCRm register
immediately forwards
to the CCRm 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 TPNCCRm register
When the value of the TPNCCRm 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 Dio Z Do Z Dot —,—
D11 Z

0000H

TPnCE bit
External trigger input _| _| _|
(TIPNO pin input)
TPnCCRO register x Dao X Do+
INTTPNnCCO signal —| —| —|

TOPNO pin output —
(only when software
trigger is used) ——— —

TPnCCRH1 register x D1o X D11

INTTPnCC1 signal —| —|

—

TOPN1 pin output

Delay Delay Delay

(D10) (D10) (10000H + D11) e
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 Do1 and the TPnCCR1 register from D1o to D11 where
Doo > Do1 and D1o > D11, if the TPNCCR1 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=0to5
m=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=0to5

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=0to5
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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 7-28. Configuration in PWM Output Mode

TPnCCRT1 register

{} Transfer
| _|o Output
CCR1 buffer register controller @) TOPn1 pin
(RS-FF)
{} Match signal .
¢ INTTPnCC1 signal
Internal count clock —=]  Count Clear |
. clock
TIPnO pintete Q— Edge | ~LSelection Count Outout
(external event start [ 16-bit counter | OUPUl &) TOPRO pintet
count input) detector control controller ) p
{} Match signal
9 INTTPnCCO signal

TPnCE bit CCRO buffer register

{ } Transfer

TPnCCRO register

Note Because the external event count input pin (TIPn0) and timer output pin (TOPnO) share the
same alternate-function pin, two or more functions cannot be used at the same time.

Remark n=0to5
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Figure 7-29. Basic Timing in PWM Output Mode

FFFFH
Dot —74— Dot ——
16-bit counter Doo 1~ Doo 4~ Doo 4~ D / D11 /
Do /| Do /| D1o /]
0000H
TPnCE bit
TPnCCRO register x Doo X Dot
CCRO buffer register Doo Dot

INTTPnCCO signal —| —| —| —| —|

TOPNO pin output

TPnCCRH1 register x D1o X D1

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 TPNnCCRO 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 TPNnCCRm 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 TPNCCRm register is transferred to the CCRm buffer register when the count value of the 16-
bit counter matches the value of the CCRm buffer register and the 16-bit counter is cleared to 0000H.

Remark n=0to5 m=0, 1
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Figure 7-30. Setting of Registers in PWM Output Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPnCKSO0

TPnCTLOl o ‘ 0

Select count clockNete

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 TPAMD2 TPnMD1 TPnMDO
TPnCTL1|0‘0‘O/1‘O‘O‘1‘0‘0'

1,0, 0:
PWM output mode

0: Operate on count clock
selected by TPnCKSO0 to
TPnCKS2 bits

1: Count external event
input signal

(c) TMPn I/O control register 0 (TPnlIOCO)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOl 0 \ 0 \ 0 \ 0 \ 0/1 \ 0/1 \ 0/1 \0/1"0'e

0: Disable TOPNO 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/
TOPnt1pinoutput _ — | [ L I L I TOPnipinoutput —1_ [ LT L T L

Note Clear this bit to 0 when the TOPNO pin is not used in the PWM output mode.
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Figure 7-30. 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=0to5
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(1) Operation flow in PWM output mode

Figure 7-31. 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=0to5
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Figure 7-31. Software Processing Flow in PWM Output Mode (2/2)

<1> Count operation start flow <3> TPnCCRO, TPnCCR1 register setting change flow
(duty only)
Only writing of the TPnCCRH1
START ! register must be performed
‘ when the set duty factor is

changed. When the counter is

Setting of TPNCCR1 register cleared after setting, the
value of compare register m

Register initial setting Initial setting of these ‘ is transferred to the CCRm
TPNnCTLO register registers is performed ‘ buffer register.
(TPNCKSO to TPNCKS2 bits) before setting the |
TPnCTL1 register, TPnCE bit to 1.

TPnIOCO register,
TPnIOC2 register,
TPnCCRO register,

TPnCCR1 register <4> TPnCCRO, TPnCCR1 register setting change flow

(frequency and duty)

The TPnCKSO to ,
TPnCKS2 bits can be
set at the same time ‘

TPNnCE bit = 1 when counting is When the counter is
enabled (TPNCE bit=1). | getting of TPNCCRO register cleared after setting,
the value of the TPNCCRm

register is transferred to the
CCRm buffer register.

Setting of TPNCCR1 register

<2> TPnCCRO, TPNCCRH1 register setting change flow

(frequency only) <5> Count operation stop flow

Writing the same value

‘ (same as preset value

of the TPnCCR1 register) . L
Setting of TPNCCRO register to the TPnCCR1 register TPnCE bit=0 Counting is stopped.
is necessary only when
the set cycle is changed.

When the counter is
. . cleared after setting, STOP
Setting of TPNCCR1 register the value of the TPnCCRm
register is transferred to the
CCRm buffer register.

Remark n=0to5
m=0,1
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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 INTTPNCC1 signal is detected.

FFFFH
Dot —— Dot —1—
16-bit counter DEOOZ? DEOOZ? DEODZ? D11 / D11 /
0000H
TPnCE bit
TPnCCRO register :X Doo X Dot
CCRO buffer register Doo Dot
TPnCCRT1 register :X D1o X D11
CCR1 buffer register D1o D11
TOPN1 pin output a || a
INTTPnCCO signal —l —l —l —l —l

294

To transfer data from the TPnCCRm register to the CCRm buffer register, the TPnCCR1 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 TPNnCCR1 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 preset value of the TPNnCCR1 register) 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 TPnCCRm register is transferred to
the CCRm 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 TPnCCR1 register once, do so after the
INTTPnCCO signal is generated. Otherwise, the value of the CCRm buffer register may become undefined
because the timing of transferring data from the TPnCCRm register to the CCRm buffer register conflicts
with writing the TPNnCCRm register.

Remark n=0to5 m=0,1
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(b) 0%/100% output of PWM waveform
<R> 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=0to5

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=0to5

Users Manual U16541EJ5V1UD 295



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

(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=0to5

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 TPNCCRm 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 7-32. Configuration in Free-Running Timer Mode

TPnCCR1 register

(compare)

TPnCCRO register
(capture)

Ly

ﬁ

Output .
contrgller ©TOPn1 pintere2
| controller [~ © TOPrO pintee!

TPnCCSO0, TPnCCS1 bits
(capture/compare selection)

o

(capture

trigger input)

Notes 1.

Remark

Because the external event count input pin (TIPn0), capture trigger input pin (TIPn0O), and
timer output pin (TOPnO) share the same alternate-function pin, two or more functions

Internal count clock —| Count
- CI:IOC!( [ | }~ 16-bit counter
TIPnO pinNote1 Edge selection
(external event detector
coug;ﬁﬂg TPNnCE bit
trigger input) Edge
detector
TPnCCRO register
(capture)
TIPn1 pintete2 @—={ Edge
detector

TPnCCR1 register
(compare)

INTTPNQV signal

— INTTPnCC1 signal

INTTPnCCO signal

cannot be used at the same time.

Because the capture trigger input pin (TIPn1) and timer output pin (TOPn1) are the same
alternate-function pin, two or more functions cannot be used at the same time.

n=0to5

m=0,1
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e 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
TPnCCRm register, a compare match interrupt request signal (INTTPnCCm) is generated, and the output signals
of the TOPnm pins are 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 TPnCCRm 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 7-33. Basic Timing in Free-Running Timer Mode (Compare Function)

FFFFH
Doo Doo
. Dot Dot
16-bit counter
Dro Dro D11 D11 D11/
0000H
TPnCE bit

>< |
g
><
g

TPnCCRO register

INTTPnCCO signal —| —| —| —|

TOPNO pin output

TPnCCR1 register :X D1o X D11

INTTPNCC1 signal _l —l —l —l —I_

TOPN1 pin output

INTTPNnOV signal —| —| —| —|

TPnOVF bit L

Clearedto O by Clearedto0by Clearedto0by Cleared to 0 by
CLRinstruction CLR instruction CLR instruction CLR instruction

Remark n=0to5
m=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 TIPnm pin is
detected, the count value of the 16-bit counter is stored in the TPnCCRm register, and a capture interrupt request
signal (INTTPnCCm) 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 7-34. 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=0to5
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Figure 7-35. Register Setting in Free-Running Timer Mode (1/3)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPNCKS2 TPnCKS1 TPnCKSO0
TPnCTLO | on ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Select count clock"°t®

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‘O‘1|

1,0, 1:
Free-running timer mode

0: Operate with count
clock selected by
TPnCKSO0 to TPnCKS?2 bits
1: Count on external
event count input signal

(c) TMPn I/O control register 0 (TPnlIOCO)

TPROL1 TPnOE1 TPROLO TPnOEO
TPnIOCOlO \ o\o‘ 0\0/1\0/1\0/1\0/1|

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Setting output level of TOPNO pin
before count operation

0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Setting output level of TOPn1 pin
before count operation

0: Low level

1: High level
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Figure 7-35. Register Setting in Free-Running Timer Mode (2/3)

(d) TMPn I/O control register 1 (TPnlOC1)

TPnIS3  TPnIS2 TPnIS1  TPnISO

TPnIOC1|0‘0‘O‘0‘0/1‘0/1‘0/1‘0/1'

T i
<R> Select valid edge

of TIPnO pin inputN°t

Select valid edge
of TIPn1 pin input

<R> 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

mioc2 [ o | o | o | o | on [ on | o | o |
Select valid edge of
<R> external event count
input (TIPNO pin)Nete
<R> Note Set the valid edge selection of the unused alternate external input signals to “No edge detection”.

(f) TMPn option register 0 (TPNOPTO0)

TPnCCS1 TPnCCSO TPnOVF
TPnOPTO | 0 ‘ 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 (TPnCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.
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Figure 7-35. 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
TPnOPTO.TPNCCSm 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 TIPnm pin is detected.
When the registers function as compare registers and when Dm is set to the TPNnCCRm register, the
INTTPnCCm signal is generated when the counter reaches (Dm + 1), and the output signal of the
TOPNm pin is inverted.

Remark n=0to5
m=0, 1
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(1) Operation flow in free-running timer mode
(a) When using capture/compare register as compare register

Figure 7-36. 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=0to5
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Figure 7-36. Software Processing Flow in Free-Running Timer Mode (Compare Function) (2/2)

<1> Count operation start flow

C s )

Register initial setting Initial setting of these registers
TPnCTLO register is performed before the TPnCE

TPnCTL1 register,
TPnIOCO register,
TPnIOC2 register,
TPnOPTO register,
TPnCCRO register,
TPnCCR1 register

The TPnCKSO0 to TPnCKS2 bits
TPnCE bit = 1 can be set when counting starts
(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=0to5
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(b) When using capture/compare register as capture register

Figure 7-37. 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=0to5
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Figure 7-37. 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 the TPnCE
(TPNnCKSO0 to TPNCKS2 bits) bit is setto 1.

TPnCTL1 register,
TPnIOCH1 register,
TPnOPTO register

The TPnCKSO0 to TPnCKS2 bits can
TPnCE bit = 1 be set when counting starts
(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=0to5

306 Users Manual U16541EJ5V1UD



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

(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 TPnCCRm 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 INTTPnCCm 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 _| —| —| —| —|

TOPNO 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 TPNnCCRm register must be re-set in the
interrupt servicing that is executed when the INTTPnCCm signal is detected.

The set value for re-setting the TPnCCRm register can be calculated by the following expression, where
“Dm” is the interval period.

Compare register default value: Dm — 1

Value set to compare register second and subsequent time: Previous set value + Dm

(If the calculation result is greater than FFFFH, subtract 10000H from the result and set this value to the
register.)

Remark n=0to5
m=0,1
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(b) Pulse width measurement with capture register

When pulse width measurement is performed with the TPnCCRm register used as a capture register,
software processing is necessary for reading the capture register each time the INTTPnCCm 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) (10000H +
D11 — D1o) D2 —

|

Di11) D13

|

(10000H +

— D)

Clearedto 0 by Clearedto 0 by Cleared to 0 by

CLR instruction

CLR instruction

CLR instruction

308

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 TPnCCRm
register in synchronization with the INTTPnCCm signal, and calculating the difference between the read

value and the previously read value.

Remark n=0to5

m=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=0to5

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 |

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=0t05
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(2/2)

TPnCCRO register Doo Dot

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

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. 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>

Remark n=0to5
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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

Dm/

0000H

TPnCE bit |

TIPnm pin input

TPNCCRm register Dmo Dm1

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 TPNCCRm register (setting of the default value of the TIPnm 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 TPNCCRm 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 + Dmi — Dmo)
(incorrect).
Actually, the pulse width must be (20000H + Dm1 — Dmo) because an overflow occurs twice.

Remark n=0to5
m=0,1

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 oo

16-bit counter

Dm/
0000H
TPnCE bit |

TIPnm pin input

TPnCCRm register Dmo D1
INTTPnOV signal -| -|
TPnOVF bit —l —l
Overflow OH X 1H XZH X oH
counter

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 TPNCCRm register (setting of the default value of the TIPnm 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 TPnCCRm register.
Read the overflow counter.
— When the overflow counter is “N”, the pulse width can be calculated by (N x 10000H + Dm1 —
DmO).
In this example, the pulse width is (20000H + Dm1 — Dmo) because an overflow occurs twice.
Clear the overflow counter (OH).

Remark n=0to5
m=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.

<R> (3) Note on capture operation
If the capture operation is used and if a slow clock is selected as the count clock, FFFFH, not 0000H, may be
captured to the TPnCCRm register if the capture trigger is input immediately after the TPnCTLO.TPnCE bit is
setto 1.

16-bit counter B

7
/

Count clock

TPnCCRO register 0000H >< FFFFH >< 0001H

TPNCE bit | E |
TIPnO pin input | | | |
A A

Capture trigger input Capture trigger input

Remark n=0to5
m=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 TIPnm pin has been detected, the count value of the 16-bit counter is
stored in the TPNCCRm register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TPnCCRm register after a capture interrupt request
signal (INTTPnCCm) occurs.

For example, in case of Figure 7-39, 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 pins.

Figure 7-38. Configuration in Pulse Width Measurement Mode

TIPNO pin
(capture
trigger input)

TIPn1 pin
(capture
trigger input)

Caution

Remark

Clear

>—~ 16-bit counter

TPnCCRO register
(capture)

Count
clock [
selection
TPnCE bit
Edge
detector
Edge
detector

INTTPnOV signal

TPnCCR1 register
(capture)

INTTPnCCO signal

+— INTTPNnCC1 signal

When in pulse width measurement mode,

TPnCTL1.TPnEEE bit = 0) as the count clock.

n=0to5
m=0,1

select the internal clock (set
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Figure 7-39. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPnCE bit

TIPnm pin input K \

TPnCCRm register 0000H Do D1 D2 Ds

INTTPNCCm signal —| —| —|

INTTPNnOV signal

Cleared to 0 by
TPnOVF bit CLR instruction

Remark n=0to5
m=0,1

When the TPnCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIPnm pin is
later detected, the count value of the 16-bit counter is stored in the TPnCCRm register, the 16-bit counter is cleared to
0000H, and a capture interrupt request signal (INTTPnCCm) 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=0to5
m=0,1
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Figure 7-40. 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)

TPhIS3  TPnIS2  TPnIST  TPnISO
meaoct | o | o | o | o | ot | on | on | on |

T i
Select valid edge

of TIPnO pin input

Select valid edge
of TIPn1 pin input
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Figure 7-40. Register Setting in Pulse Width Measurement Mode (2/2)

(d) TMPn option register 0 (TPnOPTO)

TPNCCS1 TPNCCSO TPnOVF
TPnOPTOlO‘0‘0‘0‘0‘0‘0‘0/1'

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 (TPnCCRO0 and TPnCCR1)

These registers store the count value of the 16-bit counter when the valid edge input to the TIPnm pin
is detected.

<R> 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=0t05
m=0, 1
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(1) Operation flow in pulse width measurement mode

Figure 7-41. Software Processing Flow in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPnCE bit

TIPNO pin input

TPnCCRQO register

0000H

Do

D1

DzX 0000H

INTTPNnCCO signal

<1>

<1> Count operation start flow

oD

Register initial setting
TPnCTLO register
(TPNCKSO to TPNnCKS2 bits),
TPnCTL1 register,
TPnIOCH1 register,
TPnOPTO register

TPnCE bit =1

<2> Count operation stop flow

TPnCE bit=0

C=

Remark n=0t05

Initial setting of these registers
is performed before the TPNCE

bit is setto 1.

The TPnCKSO0 to TPnCKS2 bits can
be set when counting starts

(TPNCE bit = 1).

<2>

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.

<R> (3) Notes
If a slow clock is selected as the count clock, FFFFH, not 0000H, may be captured to the TPnCCRm register if
the capture trigger is input immediately after the TPnCTLO.TPnCE bit has been set to 1.

FFFFH

16-bit counter = |_

0000H

Count clock

TPnCCRO register 0000H >< FFFFH >< 0002H

TPNCE bit J 5 E
TIPNO pin input | | | |
A

Capture trigger input Capture trigger input

Remark n=0to5
m=0,1
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7.7 Selector Function

<R> In the VB50ES/SG2 and V850ES/SG2-H, the TIP input/RXDA input and the TIQ input/TSOUT signal can be used to
select the capture trigger input of TMP and TMQ, respectively.
By using this function, the following become possible.

e The TIQO02 input signal of TMQO can be selected from the timer alternate-function pin (TIQO02 pin) of the port and
the TSOUT signal of the CAN controller.
— If the TSOUT signal of CANO 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 timer alternate-function pins (TIP10 and
TIP11 pins) of the port and the UARTA reception alternate-function pins (RXDAO and RXDAT1).
— When the RXDAO or RXDA1 signal of UARTO or UART1 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).

The capture 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

<4> <3> 2 1 <0>
SELCNTO [ 0 o | o [ses [ 1se3| o | o | isELo |
ISEL4 Selection of TIP11 input signal (TMP1)
0 TIP11 pin input
1 RXDA1 pin input
ISEL3 Selection of TIP10 input signal (TMP1)
0 TIP10 pin input
1 RXDAO pin input
ISELQNete Selection of TIQ02 input signal (TMQO)
0 TIQO2 pin input
1 TSOUT signal of CANO

Note The ISELO bit is valid only for the CAN controller version.

Cautions 1. To set the ISELO, ISEL3, and ISEL4 bits to “1”, set the corresponding pin in the capture

input mode.

2. Be sure to clear bits 7to0 5, 2, and 1 to “0”.

322
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Timer Q (TMQ) is a 16-bit timer/event counter.
<R> The VB50ES/SG2 and V850ES/SG2-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 pins: 1

e External trigger input pins: 1

e Timer/counters: 1

e Capture/compare registers: 4

o Capture/compare match interrupt request signals: 4
¢ Overflow interrupt request signals: 1

e Timer output pins: 4

8.2 Functions
TMQO has 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
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8.3 Configuration
TMQO includes the following hardware.

Table 8-1. Configuration of TMQO

Item 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 (TIQO0™"" to TIQO3 pins)
Timer outputs 4 (TOQOO0 to TOQO3 pins)

Control registers"™* | 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 TIQOO 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 TOQO3 pins, see Table 4-15
Using Port Pin as Alternate-Function Pin.

Figure 8-1. Block Diagram of TMQO

§ Internal bus \
fxx — TQOCNT
fxx/2 ——=
fxx/4 — 6
;Xﬁe 3 g 16-bit counter INTTQOOV
[0
fxx/32 —| © ﬁ {} || Clea-r 1 Or000
Ki;?‘2184> {} V Vi ‘5% OTOQO1
2 9
CCRO ﬁ VAN Ry 5E OT0Q02
buffer o\ O O TOQ03
register CCR1 o
buffer
ﬂ \Z | register CCR2 3}—» :“Egggg?
@ I . - buffer .
TiQoo 5 TQO/C\CRO RY, register CCR3 —r ~INTTQOCC2
O—~ | o buffer = INTTQOCC3
Tiqot % TQOCCR1 ﬁ \/ | register
| ©. AN
TIQ020~ 8 TQOCCR2 RS
TIQO3Q—+t - A TQOCCR3
N\
A\V4 A\V4 A\V4 AV4
S Internal bus S

Remark fxx: Main clock frequency
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(1) 16-bit counter

()

@)

@

(®)

(6)

@

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, O000H is read.

Reset sets the TQOCE 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 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.

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
CCRH1 buffer register, a compare match interrupt request signal (INTTQOCC1) 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 TQOCCRBS register is used as a compare register, the value written to the TQOCCR3 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 (INTTQOCCS3) is generated.

The CCRS3 buffer register cannot be read or written directly.

The CCR3 buffer register is cleared to 0000H after reset, as the TQOCCRBS register is cleared to 0000H.

Edge detector

This circuit detects the valid edges input to the TIQ00 and TIQO3 pins. No edge, rising edge, falling edge, or
both the rising and falling edges can be selected as the valid edge by using the TQ0OIOC1 and TQOIOC2
registers.

Output controller

This circuit controls the output of the TOQO00 to TOQO03 pins. The output controller is controlled by the
TQOIOCO register.
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(8) 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)

e 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 (TQOCCRS3)
e TMQO counter read buffer register (TQOCNT)

Remark When using the functions of the TIQ00 to TIQ03 and TOQO00 to TOQOS3 pins, see Table 4-15 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
TQoCTLO [ T@oCE| o | o | o | 0 [TQOCKS2TQOCKS1|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 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 0 0 fxx/16
1 0 1 fxx/32
1 1 0 fxx/64
1 1 1 fxx/128

Note The TQOOPTO.TQOOVF bit and 16-bit counter are reset at the same time.
In addition, the timer output pins (TOQO0 to TOQOS3 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 fxx: Main clock frequency
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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: 00H R/W Address: FFFFF541H

TQOCTLY |

7 <6> <5> 4 3 2 1 0

0 |TaoEsT|TaoEEE| o | o |TQomD2|TaomD1|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 (TIQOO pin).
(Perform counting with the count clock selected by the
TQOCTLO.TQOCKSO0 to TQOCKS?2 bits.)

1 Enable operation with external event count input (TIQO0Opin).
(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 (TQ0IOCO)

The TQOIOCO register is an 8-bit register that controls the timer output (TOQOO0 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)Note
0 TOQOm pin high level start

1 TOQOm pin low level start

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 J

TQOCE bit __ " TQOCE bit __ "

TOQOm 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.) I 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=0to 3
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(4) TMQO I/O control register 1 (TQOIOC1)
The TQOIOC1 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.

Afterreset: OOH  R/W  Address:  FFFFF543H
7 6 5 4 3 2 1 0
TQOIOC1 | TQoIS7 | TQoiss | TQoiss | TQoIs4 | TQoIs3 | Taols2 | Taoist | TQISO |

TQOIS7 | TQOIS6 Capture trigger input signal (TIQ03 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 (TQOOPTO0.TQOCCSm bit = 1 only) 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
(TIQOO 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: O0H R/W Address: FFFFF544H

7 6 5 4 3 2 1 0
Taooc2 [ o | o | o | o [TQOEES1TQOEESO|[TQOETS1|TQOETSO|

TQOEES1| TQOEESO| External event count input signal (TIQOO0 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 TQOETSO
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 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.TQOMD2 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: 00H R/W Address: FFFFF545H

7 6 5 4 3 2 1 <0>
TQOOPTO  [Taoccss|Taoccsz|TaoccstTaoccso), o | o | o |TaoovF|
TQOCCSm TQOCCRmM register capture/compare selection
0 Compare register selected
<R> 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 to 1 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 INTTQOOV 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.

<R>

Cautions 1. Rewrite the TQOCCS3 to TQOCCSO 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 (TQOCCRO)

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, see 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: FFFFF546H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
taccro | | | [ [ [ [ [ [T
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(a) Function as compare register
The TQOCCRO register can be rewritten even when the TQOCTLO0.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
TQOCCRQO 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.

Users Manual U16541EJ5V1UD 335



CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(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, see 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: FFFFF548H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
tecert | | | [ [ [ [ [ [T ]
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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 TQOCCR1 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, see 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: FFFFF54AH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
tccre | | | [ [ [ [ [ [T
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(@)

(b)

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
(INTTQOCC2) 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.

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

Note

Batch write

One-shot pulse output

Compare register

Anytime write

PWM output

Compare register

Note

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 TQOCCRS3 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 TQOCCRS3 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 TQOCCRS register is prohibited in the following statuses. For details, see 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 [T
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(a) Function as compare register
The TQOCCRBS register can be rewritten even when the TQOCTLO0.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 CCRS3 buffer register, a compare match interrupt request signal
(INTTQOCCS3) is generated. If TOQO3 pin output is enabled at this time, the output of the TOQOS pin is
inverted.
The compare register is not cleared when the TQOCTLO.TQOCE bit = 0.

(b) Function as capture register
When the TQOCCRB3 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 (TIQO3 pi) is detected.
Even if the capture operation and reading the TQOCCRS3 register conflict, the correct value of the
TQOCCRS 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, see 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
veont | [ [ L[ PP T
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8.5 Timer output operations

The following table shows the operations and output levels of the TOQ00 and TOQO1 pins.

Table 8-6. Timer Output Control in Each Mode

Operation Mode

TOQOO0 Pin TOQO1 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

PWM 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

Table 8-7. Truth Table of TOQ00 to TOQ03 Pins Under Control of Timer Output Control Bits

TQOIOCO0.TQOOLm Bit | TQOIOCO.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

High level immediately before counting, low level
after counting is started

Remark m=0to 3
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8.6 Operation

TMQO can perform the following operations.

Operation TQOCTL1.TQOEST Bit TIQOO0 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”).
To use external trigger pulse output mode, one shot pulse output mode or pulse width measurement mode,
select the internal clock (set TQOCTL1.TQOEEE bit = 0) as the count clock.

(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.

344

(@)

(b)

(c)

Counter start operation
The 16-bit counter of TMQO starts counting from the default value FFFFH in all modes.
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 TQOOPTO0.TQOOVF bit is set to 1
and an interrupt request signal (INTTQOQOV) is generated. Note that the INTTQOOV signal is not
generated under the following conditions.

e Immediately after a count operation has been started

e 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.
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(d) Counter read operation during counting operation

(e)

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.

Interrupt operation
TMQO generates the following five interrupt request signals.

¢ INTTQOCCO 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.
INTTQOCCH interrupt: This signal functions as a match interrupt request signal of the CCR1 buffer
register and as a capture interrupt request signal to the TQOCCR1 register.
INTTQOCC?2 interrupt: 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.
INTTQOCCS interrupt: 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.
INTTQOOV interrupt: ~ This signal functions as an overflow interrupt request signal.
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<R>  (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 CCR3 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
CCRa3 buffer registers during the timer operation.

Figure 8-2. Flowchart of Basic Operation for Anytime Write

( START )

Initial settings

¢ 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

e 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

i

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

INTTQOCCKk signal output

value.

Remarks 1. The above flowchart illustrates an example of the operation in the interval timer mode.
2. k=1t03
m=0to3
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Figure 8-3. Timing of Anytime Write

TQOCE bit =1

FFFFH

16-bit D11
counter

D21 D21

D21

Doz

D12y

0000H

TQOCCRO

register

CCRO buffer

X 0000H
register

INTTQOCCO
signal

TQOCCRH1
register

CCR1 buffer

: 0000H
register

INTTQOCCH
signal

TQOCCR2

register ‘ ‘

CCR2 buffer 0000H

register

INTTQOCC2
signal

TQOCCR3

register ‘ ‘

CCRB3 buffer

register 0000H

INTTQOCC3
signal

Remarks 1. Do1, Do2: Setting values of TQOCCRO register
D11, D12: Setting values of TQOCCR1 register
Da1: Setting value of TQOCCR2 register
Dat1: Setting value of TQOCCRS register

2. The above timing chart illustrates an example of the operation in the interval timer mode.
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348

(b) Batch write

In this mode, data is transferred all at once from the TQOCCRO to TQOCCRS registers to the CCRO to
CCRB3 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 TQOCCR3
registers are transferred to the CCRO to CCRS3 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 TQOCCRO0, TQOCCR2, or TQOCCRS register, also write the same value (same as preset value
of the TQOCCRT1 register) to the TQOCCR1 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 registerNo®

e Match between 16-bit counter —— INTTQOCCO signal output
and CCRO buffer register

¢ 16-bit counter clear & start

o 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 TQOCCR3 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

Notes 1.

FFFFH

16-bit
counter
0000H

TQOCCRO
register

CCRO buffer
register
TQOCCR1
register
CCR1 buffer
register
TQOCCR2
register
CCR2 buffer
register
TQOCCR3
register
CCR3 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
Dy Daz %7 D32.%7 Daz/
Dai D127 D12~ Diz= Dig”
D21, D21 Dzt Do+ Dz
Dot X Doz Dos
A | | L T T i (A
0000H Xv Do X Note 1 Dee Note 1 XV _DOS
L[] | Ll T b [Ty Samevalyewrite |
D11 XNote 2 Dr2 XNote3  Die
A | | L T[T i (A
A o e 12
\ \Dm \

A | NN i 1]
e e s o L B
Da1 X Da2 X Das
A | RN i (A
0000H X' Dor ' Note 1 Dez Note 1 ' D

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).

D11, D12:
D21:

Remarks 1. Do1, Doz, Dos: Setting values of TQOCCRO register
Setting values of TQOCCR1 register
Setting value of TQOCCR2 register

Ds1, 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 INTTQOCCS) 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 TOQO1 to TOQO3 pins.

The value of the TQOCCR1 to TQOCCRB3 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 © TOQOO pin
Match signal
# 9 ‘ INTTQOCCO signal

TQOCE bit CCRO buffer register

i

TQOCCRQO register

Figure 8-7. Basic Timing of Operation in Interval Timer Mode

FFFFH

Do — Do — Do — Do A
16-bit counter

0000H

TQOCE bit

L

TQOCCRO 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|0/1‘O‘O‘0‘0‘0/1‘0/1‘0/1'

Select count clock

0: Stop counting
1: Enable counting

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMDY TQOMDO
TQOCTL1|0‘O‘O/1"°‘9 o‘o‘o‘o‘o|

0,0,O0:
Interval timer mode

0: Operate on count
clock selected by bits
TQOCKSO0 to TQOCKS2
1: Count with external
event count input signal

<R> 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).
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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/ \ 0/ \ 0/ \ 0/1 \ 0/ \ 0/ \ 0/ |

0: Disable TOQOO pin output
1: Enable TOQOO pin output

Setting of TOQOO pin output
before count operation

0: Low level

1: High level

0: Disable TOQO1 pin output
1: Enable TOQO1 pin output

Setting of TOQO1 pin output
before count operation

0: Low level

1: High level

0: Disable TOQO2 pin output
1: Enable TOQO2 pin output

Setting of TOQO2 pin output
before count operation

0: Low level

1: High level

0: Disable TOQO3 pin output
1: Enable TOQO3 pin output

Setting of TOQO3 pin output
before count operation

0: Low level

1: High level

<R> (d) TMQO I/O control register 2 (TQ0IOC?2)

TQOEES1 TQOEESO TQOETS1 TQOETSO
TQOIOCZl 0 ‘ 0 ‘ 0 ‘ 0 ‘0/1"ote 0/{Nete 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
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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 TQOCCRS registers are transferred to the CCR1 to CCR3 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 (TQOCCICO0.TQOCCMKO to
TQOCCIC3.TQOCCMKS).

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
16-bit counter

0000H

TQOCE bit

TQOCCRO register x Do

TOQOO pin output

INTTQOCCO signal

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers is performed

TQOCTLO register before setting the TQOCE bit to 1.
(TQOCKSO0 to TQOCKS2 bits)

TQOCTLA1 register,
TQOIOCO register,

<R> TQOIOC2 registerNte,
TQOCCRO register
. The TQOCKSO to TQOCKS2 bits can be
TQOCE bit =1 set at the same time when counting has
been started (TQOCE bit = 1).
<R> Note The TQOEES1 and TQOEESO bits can be set only when timer output (TOQOK) is used. However,

set the TQOCCRO and TQOCCRK 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
TQOCCRO register FFFFH
TOQOO pin output
INTTQOCCO signal _l _l
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 TQOCCRO register
When 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

D D

16-bit counter
D2 Do—— D2——

0000H

TQOCE bit J

TQOCCRO register D1 D2

TQOOLObit L

TOQOO pin output

‘

INTTQOCCO signal —| —|

Interval time (1) Interval time (NG) Interval
time (2)

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

If the value of the TQOCCRO 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

TQOCCRH1
register

iy

)

CCR1 buffer Output | _ ;
register ( controller © TOQO1 pin
/% Match signal . INTTQOCCH1 signal
TQOCCR2
register
CCR2 buffer Output | .
register controller ©T0Q02 pin
& Match signal INTTQOCC2 signal
TQOCCR3
register
CCR8 buffer Output |~ © TOQO3 pin
register ( controller
{} Match signal __, INTTQOCCS signal
Clear
_bi . .| Output | _ .
16-bit counter controller © TOQO0 pin
Match si |
- Mo sgns INTTQOCCO signal

ﬁ

TQOCE bit

CCRO buffer register

il

TQOCCRQO register

358

User's Manual U16541EJ5V1UD




<R>

CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q (TMQ)

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 TOQOk pin.

If a value different from the set value of the TQOCCRO register is set to the TQOCCRk 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=1t03

Figure 8-11. Timing Chart When Do1 > D1

FFFFH
16-bit counter

0000H

TQOCE bit

TQOCCRO 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

INTTQOCCS signal

Do Do Dot Dot

_
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If the set value of the TQOCCRKk register is greater than the set value of the TQOCCRO register, the count
value of the 16-bit counter does not match the value of the TQOCCRk register. Consequently, the
INTTQOCCK signal is not generated, nor is the output of the TOQOk pin changed. It is recommended to
set FFFFH to the TQOCCRKk register when the TQOCCRKk register is not used.

Remark k=1to3

Figure 8-12. Timing Chart When Do1 < Dki

FFFFH Dot Dot Dot Dot
16-bit counter

0000H

TQOCE bit J

TQOCCRQO register Dot

TOQOO pin output

INTTQOCCO signal -l -l -l L

TQOCCRT1 register D11

TOQO1 pin output

INTTQOCCH1 signal L

TQOCCR2 register D21

TOQO2 pin output

INTTQOCC2 signal L

TQOCCRBS register Da1

TOQO3 pin output

INTTQOCCS3 signal 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 (TIQOO) 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 TQOCCRk 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

External event count input J L

(TIQOO pin input)

TQOCCRO register q001 H 0001H 0001H

X l
TQOCCRH1 register 0001H 0001H 0001H

TOQO1 pin output

TQOCCR2 register 0001H 0001H 0001H

TOQO2 pin output

TQOCCRS 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
<R> 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.

<R> 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— >—* 16-bit counter

; detector
count input)

Match signal
{} '9 INTTQOCCO signal

TQOCE bit CCRO buffer register

Tt

TQOCCRQO register
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Figure 8-14. Basic Timing in External Event Count Mode

FFFFH ’,‘\)//—\

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 | | | | | |
P ' } (T1QOO0 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
<R> count (Do) count count
timesM*®  (Do+1) (Do + 1)
times times
<R> 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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When the TQOCE 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 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, and a compare match interrupt request signal (INTTQOCCO) is generated.

<R> The INTTQOCCO signal is generated for the first time when the valid edge of the external event count input has
been detected “value set to TQOCCRO register” times. After that, the INTTQOCCO signal is generated each time the
valid edge of the external event count has been detected “value set to TQOCCRO register + 1” times.

Figure 8-15. Register Setting for Operation in External Event Count Mode (1/2)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TQOCTLO|0/1‘0‘O‘O‘O‘O‘O‘0|

‘ 0: Stop counting
1: Enable counting

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMDY TQOMDO
TQOCTL1|O‘O‘O‘O‘O‘O‘O‘1|

0,0,1:
External event count mode

(c) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETST TQOETSO
TQOIOC2|O‘0‘0‘0‘0/1‘0/1‘0‘0|

Select valid edge
of external event
count input (TIQO0 pin)

364 User's Manual U16541EJ5V1UD




CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 8-15. Register Setting for Operation in External Event Count Mode (2/2)

(d) TMQO counter read buffer register (TQOCNT)
The count value of the 16-bit counter can be read by reading the TQOCNT register.

<R> (e) TMQO capture/compare register 0 (TQOCCRO0)

If the TQOCCRO 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 (INTTQOCCO) is generated. The
second compare match interrupt request signal (INTTQOCCO) is generated when the number of
external events has reached (Do + 1).

<R> (f) TMQO capture/compare registers 1 to 3 (TQOCCR1 to TQOCCR3)

The TQOCCR1 to TQOCCRS3 registers are not used in the external event count mode. However, the set
value of the TQOCCR1 to TQOCCRS registers are transferred to the CCR1 to CCRS3 buffer registers.
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 INTTQOCCS3) are generated.

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.TQOCCMKS3).

Cautions 1. Set the TQOIOCO register to 00H.

<R> 2. When the external clock is used as the count clock, the external clock can be input
only from the TIQOO pin. At this time, clear the TQOIOC1.TQO0IS1 and TQOISO bits to
00 (capture trigger input (TIQ00 pin): No edge detected).

Remark The TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not
used in the external event count mode.
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(1) External event count mode operation flow

Figure 8-16. Flow of Software Processing in External Event Count Mode

FFFFH

16-bit counter

0000H

TQOCE bit

TQOCCRQO register x Do

INTTQOCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

Cor D

Register initial setting
TQOCTLA1 register,
TQOIOC2 register,

TQOCCRO to TQOCCRS registers

Initial setting of these registers
is performed before setting the
TQOCE bit to 1.

TQOCE bit =1

<2> Count operation stop flow

The counter is initialized and counting
TQOCE bit=0 is stopped by clearing the TQOCE bit to 0.

=
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(2) Operation timing in external event count mode

Cautions 1. In the external event count mode, do not set the TQOCCRO0 to TQOCCRS3 registers to 0000H.
2. In the external event count mode, use of the timer output (TOQ00 to TOQO03) is disabled. If

using the timer outputs (TOQO01 to TOQO03) by the external event count input (TIQ00), set

the interval timer mode, and enable operation by the external event count input for the

count clock (TQOCTL1.TQOEEE bit = 1). Refer to 8.6.1 (3) Operation by external event

count input (TIQ00).

(a) Operation if TQOCCRO register is set to FFFFH
If the TQOCCRO 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 INTTQOCCO signal is generated. At this time, the

TQOOPTO0.TQOOVF bit is not set.

FFFFH

16-bit counter

0000H

TQOCE bit

TQOCCRQO register

INTTQOCCO signal

FFFFH

|

|

Number of
external event
count

FFFFH times

Number of
external event

count
10000H times

Number of

external event
count
10000H times

User's Manual U16541EJ5V1UD

367



<R>

CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(b) Notes on rewriting the TQOCCRO register

When 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

D1 D1 /
16-bit counter
D2 Do—r— D2—(H
0000H
TQOCE bit
TQOCCRO register D1 D2
INTTQOCCO signal 1 1 1
Number of Number of external event Number of external
external event count (NG) event count(2)
count (1) (10000H + D2z + 1) times (D2 + 1) times
(D1) times
If the value of the TQOCCRO register is changed from D1 to D2 while the count value is greater than D2z 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 that is compared with the 16-bit counter 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.
Therefore, the INTTQOCCO 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 TQOCCR1 to TQOCCR3 registers

Figure 8-17. Configuration of TQOCCR1 to TQOCCR3 Registers

TIQOO pin
(external event ©O—=

count input)

TQOCCRH1
register

iy

CCR1 buffer

register

Edge
detector

& Match signal
PN

TQOCCR2
register

U

CCR2 buffer
register

& Match signal

TQOCCR3
register

1§

CCRS buffer
register

{} Match signal

Clear

)

16-bit counter

& Match signal

ﬁ

TQOCE bit

CCRO buffer register

il

TQOCCRQO register

INTTQOCCH1 signal

INTTQOCC?2 signal

INTTQOCCS signal

INTTQOCCO signal
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If the set value of the TQOCCRK register is smaller than the set value of the TQOCCRO register, the
INTTQOCCK signal is generated once per cycle.

Remark k=1t03
Figure 8-18. Timing Chart When Do1 > Dk1

FFFFH

16-bit counter D11~ D11~ DzPﬁZ D11~

0000H

TQOCE bit

TQOCCRO register Dot

INTTQOCCO signal ] ] ] ]__

TQOCCRT1 register D11

INTTQOCCH1 signal -| -| -| -|

TQOCCR2 register D21

INTTQOCC2 signal -| -| -| -|

TQOCCRBS register Ds1

INTTQOCCS signal ] ] ] ]
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If the set value of the TQOCCRK register is greater than the set value of the TQOCCRO register, the
INTTQOCCK signal is not generated because the count value of the 16-bit counter and the value of the
TQOCCRK register do not match.

It is recommended to set FFFFH to the TQOCCRKk register when the TQOCCRK register is not used.

Remark k=1t03

Figure 8-19. Timing Chart When Do1 < D1

FFFFH Do Dot Dot Dot

16-bit counter

0000H

TQOCE bit

TQOCCRO register Do1

INTTQOCCO signal -| -| -| L

TQOCCRT1 register D11

INTTQOCC1 signal L

TQOCCR2 register D21

INTTQOCC2 signal L

TQOCCRS register Da1

INTTQOCC3 signal |
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8.6.3 External trigger pulse output mode (TQOMD2 to TQOMDO bits = 010)

In the external trigger pulse output mode, 16-bit timer/fevent counter Q waits for a trigger when the
TQOCTLO.TQOCE bit is set to 1. When the valid edge of an external trigger input signal (TIQO0) is detected, 16-bit
timer/event counter Q starts counting, and outputs a PWM waveform (up to 3-phase) from the TOQO01 to TOQO3 pins.

Pulses can also be output by generating a software trigger instead of using the external trigger. When using a
software trigger, a square wave with a duty factor of 50% whose half cycle is the set value of the TQOCCRO register +
1 can also be output from the TOQOO pin.

Figure 8-20. Configuration in External Trigger Pulse Output Mode

TQOCCRH1
register
{} Transfer
[ | Output
CCR1 buffer S controller —© TOQO1 pin
register ( R (RS-FF)
{} Match signal INTTQOCCH signal
TQOCCR2
register
u Transfer
CCR2 buffer +—=1S Output | .
register ( R controller @ TOQO2 pin
L Maton signa INTTQOCG2 signal
TQOCCR3
register
TIQO0 pinNete Transfer
(external Q—= dEdge ii I
. ) etector
trigger input) s Output
CCR3 buffer controller [—=© TOQO3 pin
register R (RS-FF)
Software trigger {} ] (
generation Match signal INTTQOCCS3 signal
Clear
Count Count
clock |— ) ) Output . Note
selection start | 16-bit counter 1 controller —O TOQO0 pin
control
Match signal
# 9 INTTQOCCO signal
TQOCE bit CCRO buffer register
ﬁ Transfer
TQOCCRQO register

Note Because the external trigger input pin (TIQ00) and timer output pin (TOQO0) share the same alternate-
function pin, two functions cannot be used at the same time.

Caution In external trigger pulse output mode, select the internal clock (set the TQOCTL1.TQOEEE bit =
0) as the count clock.
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Figure 8-21. Basic Timing in External Trigger Pulse Output Mode

FRFFH Ds ZD'L D3 g't D3 ,ZD'?* Ds ZD'Li
i D~ D~ D: ] D:
16-bit count

oo D~ D~ Di_A D] D~

0000H

TQOCE bit

External trigger input
(T1QOO pin input)

TQOCCRO register Do

INTTQOCCO signal -| _| -| |

TOQOO pin output
(only when software
trigger is used)

TQOCCRT1 register D1

INTTQOCCH1 signal -| -| -| -|

TOQO1 pin output

o | L [ —

Active level Active level Active level Active level Active level
width width width width width
(D) (D) (D) (D) (D)

TQOCCR2 register D>

INTTQOCC2 signal -| -| -| -|

TOQO2 pin output

Active level Active level Active level
width (D2) width (D2) width (D2)
TQOCCRS register Ds
INTTQOCCS signal -| -| -| -|
TOQO3 pin output
Active level Active level Active level
width (Ds) width (Ds) width (Ds)
Wait Cycle (Do+ 1) Cycle (Do + 1) Cycle (Do + 1)
for trigger
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16-bit timer/event counter Q waits for a trigger when the TQOCE 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 TOQOK pin. If the trigger is generated again while the counter is operating, the counter is cleared to 0000H and
restarted. (The output of the TOQOO pin is inverted. The TOQOk pin outputs a high-level regardless of low-level output
period and high-level output period statuses 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 TQOCCRKk register) x Count clock cycle
Cycle = (Set value of TQOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TQOCCRYKk register)/(Set value of TQOCCRO register + 1)

The compare match request signal INTTQOCCO 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 INTTQOCCk is generated when the count value of the 16-bit counter matches the value
of the CCRKk buffer register.

The value set to the TQOCCRmM register is transferred to the CCRm buffer register 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 valid edge of an external trigger input signal (T1QO00), or setting the software trigger (TQOCTL1.TQOEST bit) to
1 is used as the trigger.

Remark k=1t03,m=0t0o3

Figure 8-22. Setting of Registers in External Trigger Pulse Output Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)
TQOCE TQOCKS2 TQOCKS1 TQOCKSO

TQOCTLO|0/1‘O‘0‘O‘O‘O/1‘O/1‘O/1|

Select count clock

0: Stop counting
1: Enable counting
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Figure 8-22. Setting of Registers in External Trigger Pulse Output Mode (2/3)

(b) TMQO control register 1 (TQOCTL1)
TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
TQOCTLA | 0 ‘ on ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 |

0,1,0:
L External trigger pulse
output mode

0: Operate on count
clock selected by
TQOCKSO0 to TQOCKS?2 bits

Generate software trigger
when 1 is written
(c) TMQO I/O control register 0 (TQ0IOCO)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE! TQOOLO TQOOEO
TQOIOCOl 0/1 \ 0/1 \ 0/ \ 0/ \ 0/ \ 0/ \ 0/ \0/1"0te

0: Disable TOQOO pin output
1: Enable TOQOO pin output

Setting of TOQOO pin output level

in status of waiting for external trigger
0: Low level
1: High level

0: Disable TOQO1 pin output
1: Enable TOQO1 pin output

Setting of TOQO1 pin output level

in status of waiting for external trigger
0: Low level

1: High level

0: Disable TOQO2 pin output
1: Enable TOQO2 pin output

Setting of TOQO2 pin output level

in status of waiting for external trigger
0: Low level

1: High level

0: Disable TOQO3 pin output
1: Enable TOQO3 pin output

Setting of TOQO3 pin output level
in status of waiting for external trigger

0: Low level
1: High level
e When TQOOLK bit=0 e When TQOOLK bit = 1
16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/
TOQOK pin output I I 11— TOQOK pin output L LI L I 1

Note Clear this bit to 0 when the TOQOO pin is not used in the external trigger pulse output mode.
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Figure 8-22. Setting of Registers in External Trigger Pulse Output Mode (3/3)

(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETS1 TQOETSO

TQOIOC2|O‘0‘0‘0‘0‘0‘0/1‘0/1'

Select valid edge of external
trigger input (TIQOO0 pin)

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading the TQOCNT register.

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
If Do is set to the TQOCCRO register, D1 to the TQOCCR1 register, D2 to the TQOCCR2 register, and Ds,
to the TQOCCRBS register, the cycle and active level of the PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle

TOQO1 pin PWM waveform active level width = D1 x Count clock cycle
TOQO2 pin PWM waveform active level width = D2 x Count clock cycle
TOQO3 pin PWM waveform active level width = D3 x Count clock cycle

Remarks 1. TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not
used in the external trigger pulse output mode.

2. Updating TMQO capture/compare register 2 (TQOCCR2) and TMQO capture/compare

register 3 (TQOCCRS) is validated by writing TMQO capture/compare register 1 (TQOCCR?1).
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(1) Operation flow in external trigger pulse output mode

Figure 8-23. Software Processing Flow in External Trigger Pulse Output Mode (1/2)
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16-bit counter

0000H

TQOCE bit

External trigger input
(TIQOO0 pin input)

TQOCCRO register

CCRO buffer register

INTTQOCCO signal

TOQOO pin output
(only when software
trigger is used)

TQOCCRT1 register

CCR1 buffer register

INTTQOCCH1 signal

TOQO1 pin output

TQOCCR2 register

CCR2 buffer register

INTTQOCC2 signal

TOQO2 pin output

TQOCCRS register

CCRS buffer register

INTTQOCCS3 signal

TOQOS3 pin output

Doti
Dog / Dog Dog Dog Dog
— D D — — D — D —
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x D1o D11 X D11 Do D1o D11
X D1o D11 D11 Dio D1o D11
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Figure 8-23. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

<1> Count operation start flow

START

Register initial setting
TQOCTLO register
(TQOCKSO0 to TQOCKS?2 bits)
TQOCTLA1 register,
TQOIOCO register,
TQOIOC2 register,

Initial setting of these
registers is performed
before setting the
TQOCE bitto 1.

TQOCCRO to TQOCCR3
registers
The TQOCKSO to
TQOCE bit = 1 TQOCKS?2 bits can be

set at the same time
when counting is
enabled (TQOCE bit = 1).
Trigger wait status

<2> TQOCCRO to TQOCCRS3 register setting change flow

i Writing of the TQOCCR1
- register must be performed
Settlz: doiggg%ggieggg SSCRZ' after writing the TQOCCRO,
TQOCCR2, and TQOCCR3

‘ registers.
When the counter is cleared
after setting, the value
of the TQOCCRm register is
i transferred to the CCRm buffer
registers.

TQOCCRHT register

<3> TQOCCRO register setting change flow

‘ Writing the same value (same
as the TQOCCRH1 register

already set) to the TQOCCRH1

register is necessary only

‘ when the set cycle is changed.

When the counter is

cleared after setting,

the value of the TQOCCRm

l register is transferred to

i the CCRm buffer register.

Setting of TQOCCRO register

Setting of TQOCCR1 register

Remark m=0to 3

<4> TQOCCR1 to TQOCCRS register setting change flow

[ Writing of the TQOCCRH1
Setting of TQOCCR2, register must be performed
TQOCCRS registers when the set duty factor is only

‘ changed after writing the
TQOCCR2 and TQOCCR3
registers.
When the counter is cleared
after setting, the value of the
H TQOCCRmM register is transferred
to the CCRm buffer register.

Setting of TQOCCR1 register

<5> TQOCCR2 and TQOCCRBS register setting change flow

[ Writing the same value (same as the
TQOCCRT register already set) to the
Setting of TQOCCR2, TQOCCRH1 register is necessary only
TQOCCRS registers when the set duty factor of TOQO02 and
‘ TOQO3 pin outputs is changed.
When the counter is
cleared after setting,
the value of the TQOCCRm
register is transferred to
i the CCRm buffer register.

Setting of TQOCCR1 register

<6> TQOCCR1 register setting change flow

1 Only writing of the TQOCCR1

[ register must be performed when
the set duty factor is only changed.
When counter is cleared after
setting, the value of the TQOCCRm
| register is transferred to the CCRm
' buffer register.

Setting of TQOCCR1 register

<7> Count operation stop flow

TQOCE bit=0

STOP

Counting is stopped.

378
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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 TQOCCR1 register last.

Rewrite the TQOCCRK register after writing the TQOCCR1 register after the INTTQOCCO signal is detected.

FFFFH

16-bit counter

0000H

TQOCE bit

External trigger input
(TIQOO0 pin input)

TQOCCRO register
CCRO buffer register
INTTQOCCO signal
TOQOO pin output
(only when software
trigger is used)
TQOCCRT1 register
CCR1 buffer register
INTTQOCCH1 signal
TOQO1 pin output
TQOCCR2 register
CCR2 buffer register

INTTQOCC2 signal

TOQO2 pin output

TQOCCRBS register ><

CCR3 buffer register

INTTQOCCS signal

TOQO3 pin output

Dot Do1
b Doo b Doo b Doo b Da1 b Ds1
30 30 30 21 21
D20 1 D20 /1 DZOZZ D11Z'Z D11Z'Z
D10 1 D10 D10
Doo Dot
Doo Dot
Do D11
Dio D11

D20
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380

In order to transfer data from the TQOCCRm register to the CCRm buffer register, the TQOCCR1 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
TQOCCRO register, set the active level width to the TQOCCR2 and TQOCCRS3 registers, and then set an
active level to the TQOCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TQOCCRO register, and then write
the same value (same as the TQOCCR1 register already set) to the TQOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, first set an active level to the
TQOCCR2 and TQOCCRS registers and then set an active level to the TQOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform output by the TOQO1 pin, only the
TQOCCRT1 register has to be set.

To change only the active level width (duty factor) of the PWM waveform output by the TOQ02 and TOQO03
pins, first set an active level width to the TQOCCR2 and TQOCCRS registers, and then write the same
value (same as the TQOCCR1 register already set) to the TQOCCR1 register.

After data is written to the TQOCCR1 register, the value written to the TQOCCRm register is transferred to
the CCRm 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 TQOCCRO to TQOCCRS3 registers again after writing the TQOCCR1 register once, do so after
the INTTQOCCO signal is generated. Otherwise, the value of the CCRm buffer register may become
undefined because timing of transferring data from the TQOCCRm register to the CCRm buffer register
conflicts with writing the TQOCCRm register.

Remark m=0to 3

User's Manual U16541EJ5V1UD



CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(b) 0%/100% output of PWM waveform
<R> To output a 0% waveform, set the TQOCCRK register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTQOCCO and INTTQOCCKk 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 ;:XDD— 1X Do OOOOX 0001 x ;:XDO—1X Do 0000 X
)]

TQOCE bit

L

<R> External trigger input
(T1QOO0 pin input)

—

TQOCCRO register Do ( Do B Do
; )
TQOCCRKk register 0000H 0000H 0000H
{( {(
)] )]
INTTQOCCO signal ) )
)] )]
INTTQOCCKk signal

TOQOK pin output L

Remark k=1to3

To output a 100% waveform, set a value of (set value of TQOCCRO register + 1) to the TQOCCRKk register.
If the set value of the TQOCCRO register is FFFFH, 100% output cannot be produced.

Count clock ||||||||||||||||||
16-bit counter FFFF |X 0000 ::XDO—1X Do X0000X0001x ::XDO—1X Do 0000*
[ (
)]

{
)
TQOCE bit J
<R> External trigger input _|
(TIQOO pin input) [ ¥

; ;

TQOCCRO register Do Do Do
1 !
)] )]

TQOCCRK register Do+ 1 B Do+ 1 B Do+ 1
)] )]

INTTQOCCO signal —| —|

INTTQOCCk signal L

TOQOKk pin output

Remark k=1t03
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(c) Conflict between trigger detection and match with CCRk buffer register
If the trigger is detected immediately after the INTTQOCCK signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOQOk 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 Dk—1|X D« |[X 0000 x
T %

External trigger input
(TIQOO pin input)

{(
It
)]
CCRKk buffer register D«

(
)

{
)

INTTQOCCK signal —l

TOQOk pin output

Shortened

Remark k=11t03

If the trigger is detected immediately before the INTTQOCCKk signal is generated, the INTTQOCCKk signal is
not generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal of the
TOQOk pin remains active. Consequently, the active period of the PWM waveform is extended.

16-bit counter ~ FFFF |[X 0000 x Dk — 2X X 0000 X 0001 x X Dk — 1

External trigger input
(TIQOO pin input)

CCRKk buffer register Dk
{( {(
INTTQOCCKk signal B N —l
)] )]
95 95
TOQOK pin output
Extended

Remark k=11t03

382
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(d) Conflict between trigger detection and match with CCRO buffer register

If the trigger is detected immediately after the INTTQOCCO signal is generated, the 16-bit counter is
cleared to 0000H and continues counting up. Therefore, the active period of the TOQOk pin is extended by

time from generation of the INTTQOCCO signal to trigger detection.

16-bit counter  FFFF .OOOO x Do — 1X Do 0000 OOOOX:

External trigger input
(T1QOO0 pin input)

CCRO buffer register

INTTQOCCO signal

TOQOKk pin output

Remark k=1t03

s

Do

Extended

If the trigger is detected immediately before the INTTQOCCO signal is generated, the INTTQOCCO signal is
not generated. The 16-bit counter is cleared to 0000H, the TOQOk pin is asserted, and the counter
continues counting. Consequently, the inactive period of the PWM waveform is shortened.

|
16-bit counter ~ FFFF .0000 x Do — 1X Do |[X 0000 X 0001 X:

External trigger input
(TIQOO pin input)

CCRO buffer register

INTTQOCCO signal

TOQOkK pin output

Remark k=1t03

.

Do

|t — |

Shortened
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(e) Generation timing of compare match interrupt request signal (INTTQOCCk)
The timing of generation of the INTTQOCCk signal in the external trigger pulse output mode differs from
the timing of other mode INTTQOCCKk signals; the INTTQOCCKk signal is generated when the count value of
the 16-bit counter matches the value of the CCRk buffer register.

Count clock
16-bit counter Dk-2 X Dk—1 Dk X Dk +1 X Dk +2
CCRK buffer register D«

TOQOk pin output

INTTQOCCK signal —l

Remark k=1t03

Usually, the INTTQOCCK signal is generated in synchronization with the next count up after the count value
of the 16-bit counter matches the value of the CCRk buffer 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 TOQOk pin.
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8.6.4 One-shot pulse output mode (TQOMD2 to TQOMDO bits = 011)

In the one-shot pulse output mode, 16-bit timer/event counter Q waits for a trigger when the TQOCTLO.TQOCE bit is
set to 1. When the valid edge of an external trigger input (TIQOO0) is detected, 16-bit timer/event counter Q starts
counting, and outputs a one-shot pulse from the TOQO01 to TOQO3 pins.

Instead of the external trigger, a software trigger can also be generated to output the pulse. the TOQOO 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 8-24. Configuration in One-Shot Pulse Output Mode

TQOCCR1
register
{ T Transfer
z
Output
CCR1 buffer controller |~@ TOQ01 pin
register R (RS-FF)
{} Match signal
L ‘ INTTQOCC signal
TQOCCR2
register
i ‘ Transfer
} s Output
CCszUffer controller _>© TOQ02 pln
register R (RS-FF)
{} Match signal
9 ‘ INTTQOCC2 signal
TIQOO pin™ete Edge TQOCCR3
oo O gmecor
99 P iL Transfer |
Software trigger CCR3 buffer Output
. troller |— i
generation register R c(%nS rtl): I:e)r © TOQO3 pin
L L waton signal ‘ INTTQOCCS signal
Count ] Clear |
cIoc_k —L W & L Outot
selection Count start . g Dutpu . Note
—_ 16-bit counter controller (@) TOQOO pin
control —=1R (RS-FF)
{} Match signal
9 INTTQOCCO signal
TQOCE bit CCRO buffer register
ﬁ Transfer I
TQOCCRQO register

Note Because the external trigger input pin (TIQ00) and timer output pin (TOQO00) 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 the TQOCTL1.TQOEEE bit = 0) as
the count clock.
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Figure 8-25. Basic Timing in One-Shot Pulse Output Mode

FFFFH Do Do Do

16-bit counter }/ : }/ . }/ 5
i D> D> Do

D] D] D"
0000H
TQOCE bit
External trigger input '| '| |'| '|
(T1QOO0 pin input)
TQOCCRO register x Do

INTTQOCCO signal -| -| -I_

TOQOO pin output _
(only when software
trigger is used) —————— —

TQOCCRT1 register x D1

INTTQOCCH1 signal -| -| -|

TOQO1 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)
TQOCCR2 register x D2
INTTQOCC2 signal -| -| -|
TOQO2 pin output
Delay Active Delay Active Delay Active
(D2) level width (D2) level width (D2) level width
(Do—D2 + 1 (Do—D2 + 1 (Do—D2 + 1
TQOCCRBS register x Ds
INTTQOCCS3 signal -| -| -|
TOQOS3 pin output
Delay Active Delay Active Delay Active
(Ds) level width (Ds) level width (Ds) level width
(Do—Ds + 1) (Do—Ds + 1) (Do—Ds + 1)
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When the TQOCE bit is set to 1, 16-bit timer/event counter Q 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 TOQOk pin.
<R> 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. If a trigger is generated again while the
one-shot pulse is being output, it is ignored.
The output delay period and active level width of the one-shot pulse can be calculated as follows.

Output delay period = (Set value of TQOCCRK register) x Count clock cycle
Active level width = (Set value of TQOCCRO register — Set value of TQOCCRK register + 1) x Count clock cycle

The compare match interrupt request signal INTTQOCCO 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 INTTQOCCk
is generated when the count value of the 16-bit counter matches the value of the CCRk buffer register.

The valid edge of an external trigger input (TIQOO pin) or setting the software trigger (TQOCTL1.TQOEST bit) to 1 is

used as the trigger.

Remark k=1t03

Figure 8-26. Setting of Registers in One-Shot Pulse Output Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)
TQOCE TQOCKS2 TQOCKS1 TQOCKSO

TQOCTLO|0/1‘O‘0‘0‘0‘0/1‘0/1‘0/1'

Select count clock

<R>
0: Stop counting
1: Enable counting
(b) TMQO control register 1 (TQOCTL1)
TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
<R> TQOCTL1|0‘O/1‘O‘0‘O‘O‘1‘1|

0,1,1:
One-shot pulse output mode

0: Operate on count clock
selected by TQOCKSO to
TQOCKS?2 bits

Generate software trigger
when 1 is written

Users Manual U16541EJ5V1UD 387



CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 8-26. Register Setting in One-Shot Pulse Output Mode (2/3)

(c) TMQO I/O control register 0 (TQ0IOCO0)
TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQOOLO TQOOEO
TQOIOCO | 0/1 ‘ 01 ‘ 01 ‘ 01 ‘ 01 ‘ on ‘ on ‘ 0/1Nete

0: Disable TOQOO pin output
1: Enable TOQOO pin output

Setting of TOQO0 pin output level in
status of waiting for external trigger
0: Low level

1: High level

0: Disable TOQO1 pin output
1: Enable TOQO1 pin output

Setting of TOQO1 pin output level in
status of waiting for external trigger
0: Low level

1: High level

0: Disable TOQO2 pin output
1: Enable TOQO2 pin output

Setting of TOQO2 pin output level in
status of waiting for external trigger
0: Low level

1: High level

0: Disable TOQOS3 pin output
1: Enable TOQOS3 pin output

Setting of TOQO3 pin output level in
status of waiting for external trigger

0: Low level
1: High level
e When TQOOLK bit =0 e When TQOOLK bit = 1
16-bit counter yd | e | 16-bit counter e | e |
TOQOk pin output 1 | I — TOQOK pin output L1 LI

Note Clear this bit to 0 when the TOQOO pin is not used in the one-shot pulse output mode.

(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETST TQOETSO
<R>TQOIOC2|O‘O‘O‘O‘O‘O‘OH‘OH'

Select valid edge of external

trigger input (TIQOO pin)
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Figure 8-26. Register Setting in One-Shot Pulse Output Mode (3/3)

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading the TQOCNT register.

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
If Do is set to the TQOCCRO register and Dk to the TQOCCRK register, the active level width and output
delay period of the one-shot pulse are as follows.
Active level width = (Do — Dk + 1) x Count clock cycle
Output delay period = Dk x Count clock cycle
<R> Caution If the set value of the TQOCCRKk register is greater than the set value of the TQOCCRO0
register in the one-shot pulse output mode, the one-shot pulse is not output.

Remarks 1. TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not
used in the one-shot pulse output mode.
2. k=110 3
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(1) Operation flow in one-shot pulse output mode

Figure 8-27. Software Processing Flow in One-Shot Pulse Output Mode (1/2)

FFFFH

Dog

. D3g~ —
16-bit counter Do D31

DmZ Dﬂ%j

0000H

TQOCE bit

External trigger input '| |'|

(TIQOO pin input)

TQOCCRO register :X Doo Do+

INTTQOCCO signal

TOQOO pin output

(only when software
trigger is used)

TQOCCRT1 register :X D1o D11

INTTQOCCH1 signal

TOQO1 pin output

TQOCCR2 register :X D20 D21

INTTQOCC2 signal

TOQO2 pin output

TQOCCRB3 register :X Dao D31

INTTQOCCS3 signal

TOQOS3 pin output

<1> <2> <3>
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Figure 8-27. Software Processing Flow in One-Shot Pulse Output Mode (2/2)

<1> Count operation start flow

C )

START

Register initial setting
TQOCTLO register
(TQOCKSO0 to TQOCKS2 bits)
TQOCTLA1 register,
TQOIOCO register,
TQOIOC2 register,
TQOCCRO to TQOCCRBS registers

TQOCE bit =1

Remark m=0to 3

<2> TQOCCRO to TQOCCRS register setting change flow

Setting of TQOCCRO to TQOCCR3

registers

Initial setting of these
registers is performed
before setting the
TQOCE bitto 1.

<3> Count operation stop flow

The TQOCKSO to
TQOCKS?2 bits can be
set at the same time

TQOCE bit=0

when counting has been
started (TQOCE bit = 1).

Trigger wait status

C

STOP

As rewriting the
TQOCCRmM register
immediately forwards
to the CCRm buffer
register, rewriting
immediately after

the generation of the
INTTQOCCO signal

is recommended.

Count operation is
stopped
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(2) Operation timing in one-shot pulse output mode

(a) Note on rewriting TQOCCRm register
When 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
Dog Dog

Do+ Do
16-bit counter Dxo Dro [
/ | Dx1 Dk1/
0000H

TQOCE bit

External trigger input |'|
(T1IQOO pin input)

TQOCCRO register :X Doo X Do

INTTQOCCO signal

TOQOO pin output
(only when software
trigger is used) —— I

TQOCCRK register :X Dxo X Dx1
INTTQOCCK signal
TOQOK pin output
Delay Delay Delay
(Dxo) (10000H + D«1) (Dk1)
Active level width Active level width Active level width
(Doo — Dko + 1) (Dot — Dkt + 1) (Dot — Dkt + 1)

When the TQOCCRO register is rewritten from Doo to Dot and the TQOCCRK register from Dko to Dkt where
Doo > Do1 and Dko > Dx1, if the TQOCCRK register is rewritten when the count value of the 16-bit counter is
greater than Dk1 and less than Dxo and if the TQOCCRO register is rewritten when the count value is
greater than Do1 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 Dk1, the counter generates the INTTQOCCKk signal and asserts the
TOQOk pin. When the count value matches Do1, the counter generates the INTTQOCCO signal, deasserts
the TOQOK 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 m=0to 3,
k=1t03
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(b) Generation timing of compare match interrupt request signal (INTTQ0OCCk)
The generation timing of the INTTQOCCKk signal in the one-shot pulse output mode is different from other
mode INTTQOCCKk signals; the INTTQOCCk signal is generated when the count value of the 16-bit counter
matches the value of the TQOCCRKk register.

Count clock
16-bit counter Dk-2 X Dk — 1 D« X Dk + 1 X Dk + 2
TQOCCRK register D«
TOQOk pin output
INTTQOCCK signal —l

Usually, the INTTQOCCK signal is generated when the 16-bit counter counts up next time after its count
value matches the value of the TQOCCRK 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 TOQOK pin.

Remark k=1t03
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8.6.5 PWM output mode (TQOMD2 to TQOMDO bits = 100)

In the PWM output mode, a PWM waveform is output from the TOQO1 to TOQO3 pins when the TQOCTL0.TQOCE
bit is set to 1.

In addition, a square wave with a duty factor of 50% with the set value of the TQOCCRO register + 1 as half its
cycle is output from the TOQOO pin.

<R> Figure 8-28. Configuration in PWM Output Mode
TQOCCRH1
register
{ T Transfer
-
| .| Output
CCR1 buffer S controller IO TOQO1 pin
register ( R (RS-FF)
/{% Match signal INTTQOCCH signal
TQOCCR2
register
i ‘ Transfer
} _— Output
cCcR2 btuffer § controller |—=© TOQO02 pin
register ( (RS-FF)
{} Match signal ‘ INTTQOCC2 signal
TQOCCR3
register
i£ Transfer |
| .| Output
CCRS buffer S controller |=© TOQ03 pin
register ( R (RS-FF)
{} Match signal INTTQOCCS signal
‘ ‘ Clear
InNternaI count clock —={ Count Count
TIQOO pinNete clock |—] . Output N
(external event ©— Edge |~ selection ) statrt | 1 16-bit counter | controller = TOQOO pin'e
count input) deteator contro {}
Match signal
atch signa INTTQOCCO signal
TQOCE bit CCRO buffer register
{} Transfer
TQOCCRO register

Note Because the external event count input pin (TIQ00) and timer output pin (TOQO00) share the same
alternate-function pin, two functions cannot be used at the same time.
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Figure 8-29. Basic Timing in PWM Output Mode

FFFFH

Do Do Do Do
Ds_~1 D3 _A Ds_A Ds_A
16-bit counter D2 / D2 / D2 / D2 Z
D1~ D1 D1 D1 /
0000H
TQOCE bit
TQOCCRQO register :X Do
INTTQOCCO signal -| -| -| -I_

TOQOO pin output

TQOCCRT1 register :X D+

INTTQOCCH1 signal -| -| -| -|

TOQO1 pin output

et

Active Active Active Active
level width level width level width level width
(D1) (D1) (D) (D)
TQOCCR2 register :X D2
INTTQOCC2 signal -| -| -| -|
TOQO2 pin output
Active Active Active Active
level width level width level width level width
(D2) (D2) (D2) (D2)
TQOCCRS register :X Ds
INTTQOCCS3 signal -| -| -| -|
TOQOS3 pin output
Active level Active level Active level Active level
width (Ds) width (Ds) width (Ds) width (Ds)

Cycle (Do + 1) | Cycle (Do + 1) Cycle (Do + 1) | Cycle (Do + 1)
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When the TQOCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs
PWM waveform from the TOQOKk pin.
The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TQOCCRK register) x Count clock cycle
Cycle = (Set value of TQOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TQOCCRKk register)/(Set value of TQOCCRO register + 1)

The PWM waveform can be changed by rewriting the TQOCCRm 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 INTTQOCCO 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 INTTQOCCKk is generated when the count value of the 16-bit counter matches
the value of the CCRk buffer register.

Remark k=1t03, m=0to3

Figure 8-30. Setting of Registers in PWM Output Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TQOCTLO|0/1‘O‘O‘O‘O‘OM‘OM‘OM'

——— Select count clock

0: Stop counting
1: Enable counting

Note The setting is invalid when the TQOCTL1.TQOEEE bit = 1.

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMDY TQOMDO
TQOCTL1|O‘O‘O/1‘O‘O‘1‘0‘0'

1,0, 0:
PWM output mode

0: Operate on count clock
selected by TQOCKSO to
TQOCKS2 bits

1: Count external event
input signal
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Figure 8-30. Setting of Registers in PWM Output Mode (2/3)

(c) TMQO I/O control register 0 (TQ0IOCO0)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE! TQOOLO TQOOEO
TQOIOCOl o \ o \ 0/ \ 0/ \ 0/ \ 0/ \ 0/ \0/1"“e

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 TOQOS pin output
1: Enable TOQOS3 pin output

Setting of TOQO3 pin output level
before count operation

0: Low level
1: High level
e When TQOOLk bit =0 e When TQOOLK bit = 1
16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/
TOQOK pinoutput _ 11 1L I — TOQOk pinoutput —__ 11 I 1

Note Clear this bit to 0 when the TOQOO pin is not used in the PWM output mode.

(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETS1 TQOETSO
TQOIOCZlO‘O‘O‘O‘Oﬁ‘OH‘O‘O|

Select valid edge
of external event
count input
(TIQOO pin).

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading the TQOCNT register.
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Figure 8-30. Register Setting in PWM Output Mode (3/3)

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO0 and TQOCCR3)

If Do is set to the TQOCCRO register and Dk to the TQOCCR1 register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = Dk x Count clock cycle

Remarks 1. TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not
used in the PWM output mode.
2. Updating the TMQO capture/compare register 2 (TQOCCR2) and TMQO capture/compare

register 3 (TQOCCRS) is validated by writing the TMQO capture/compare register 1
(TQOCCR?1).
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(1) Operation flow in PWM output mode

Figure 8-31. Software Processing Flow in PWM Output Mode (1/2)

FFFFH

16-bit counter

0000H
TQOCE bit

TQOCCRQO register

CCRO buffer register

INTTQOCCO signal

TOQOO pin output

TQOCCRT register

CCR1 buffer register

INTTQOCCH1 signal

TOQO1 pin output

TQOCCR?2 register

CCR2 buffer register

INTTQOCC?2 signal

TOQO2 pin output

TQOCCRBS register :X

CCRS buffer register

INTTQOCCS signal

TOQOS pin output

Dot
Dog / Dog Dog Dog Do
—  Dat Dat A~ — DA Dai A~
@/ D21~ D21 A Dsc/ D21~ D21~
Dio E%Z D11 A D11 D1%Z D; D11
Doo Dot X Doo
Doo Dot Doo
D1o D11 X D11 D Do D11
Do D11 D11 D1o Do D11
D20 D21 D20 D21
D20 D21 D2o D21
Dso Da1 Dso Das1
Dso Da1 Dso D31

T

<1>

bt ?

<2> <3> <4>

T

<5>

T

<6>

T

<7>
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Figure 8-31. Software Processing Flow in PWM Output Mode (2/2)

<1> Count operation start flow

START

Register initial setting
TQOCTLO register
(TQOCKSO0 to TQOCKS?2 bits)
TQOCTLA1 register,
TQOIOCO register,
TQOIOC2 register,
TQOCCRO to TQOCCR3

registers

TQOCE bit = 1

Initial setting of these
registers is performed
before setting the
TQOCE bit to 1.

The TQOCKSO to
TQOCKS?2 bits can be
set at the same time
when counting is
enabled (TQOCE bit = 1).

<2> TQOCCRO to TQOCCRBS register setting change flow

W

Setting of TQOCCRO, TQOCCR2,
and TQOCCRS registers

TQOCCRT register

Writing of the TQOCCR1
register must be performed
after writing the TQOCCRO,
TQOCCR2, and TQOCCR3
registers.

When the counter is cleared
after setting, the value

of the TQOCCRm register is
transferred to the CCRm buffer
registers.

<3> TQOCCRO register setting change flow

|

Setting of TQOCCRO register

Setting of TQOCCR1 register

Writing the same value (same
as the TQOCCR1 register
already set) to the TQOCCR1
register is necessary only
when the set cycle is changed.
When the counter is

cleared after setting, the

value of the TQOCCRm
register is transferred to

the CCRm bulffer register.

Remark m=0to 3

<4> TQOCCR1 to TQOCCRS register setting change flow

|

Setting of TQOCCR2,
TQOCCRS registers

Setting of TQOCCR1 register

Only writing of the TQOCCR1
register must be performed

when the set duty factor is only
changed after writing the
TQOCCR2 and TQOCCR3
registers.

When the counter is cleared after
setting, the value of the
TQOCCRm register is transferred
to the CCRm buffer register.

<5> TQOCCR2 and TQOCCRS register setting change flow

|

Setting of TQOCCR?2,
TQOCCRS registers

Setting of TQOCCR1 register

Writing the same value (same as the
TQOCCRHT register already set) to the
TQOCCRHT register is necessary only
when the set duty factor of the TOQ02
and TOQO3 pin outputs is changed.
When the counter is

cleared after setting,

the value of the TQOCCRm

register is transferred to

the CCRm buffer register.

<6> TQOCCRHI register setting change flow

|

Setting of TQOCCRH1 register

Only writing of the TQOCCR1
register must be performed when
the set duty factor is only changed.
When counter is cleared after
setting, the value of the TQOCCRm
register is transferred to the CCRm
buffer register.

<7> Count operation stop flow

TQOCE bit=0

STOP

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 TQOCCR1 register last.
Rewrite the TQOCCRK register after writing the TQOCCR1 register after the INTTQOCC1 signal is detected.

FFFFH
Dot Dor
hi Doo Doo Doo D31 D31
16-bit counter Dao Dao Dso AT~ Dat /1 D21 1
b D20 1 b D20 b D20 /T | D11 /] D11
0000H 10 /] 10 /] 10 /]
TQOCE bit
TQOCCRO register :X Dao Do+
CCRO buffer register Doo Do1

INTTQOCCO signal —| —| —| —| —|_

TOQOO pin output

TQOCCRT1 register :X D1o D11

CCR1 buffer register D1o D11

INTTQOCCH signal _l —l —l —l —l

TOQO1 pin output

TQOCCR2 register :X D20 Dz1

CCR2 buffer register Do D21

INTTQOCC2 signal —| —| —| —| —|

TOQO2 pin output

TQOCCRS3 register :X Dao X Dst

CCR3 buffer register Dao Ds1
INTTQOCCS signal —| —| —| —| —|

TOQO3 pin output
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402

To transfer data from the TQOCCRm register to the CCRm buffer register, the TQOCCR1 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
TQOCCRO register, set the active level width to the TQOCCR2 and TQOCCRS3 registers, and then set an
active level width to the TQOCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TQOCCRO register, and then write
the same value (same as the TQOCCR1 register already set) to the TQOCCR1 register.

To change only the active level width (duty factor) of PWM wave, first set the active level to the TQOCCR2
and TQOCCRS registers, and then set an active level to the TQOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform output by the TOQO1 pin, only the
TQOCCRT1 register has to be set.

To change only the active level width (duty factor) of the PWM waveform output by the TOQ02 and TOQO03
pins, first set an active level width to the TQOCCR2 and TQOCCRS registers, and then write the same
value (same as the TQOCCR1 register already set) to the TQOCCR1 register.

After the TQOCCR1 register is written, the value written to the TQOCCRm register is transferred to the
CCRm buffer register in synchronization with the timing of clearing the 16-bit counter, and is used as a
value to be compared with the value of the 16-bit counter.

To change only the cycle of the PWM waveform, first set a cycle to the TQOCCRO register, and then write
the same value to the TQOCCR1 register.

To write the TQOCCRO to TQOCCRS3 registers again after writing the TQOCCR1 register once, do so after
the INTTQOCCO signal is generated. Otherwise, the value of the CCRm buffer register may become
undefined because the timing of transferring data from the TQOCCRm register to the CCRm buffer register
conflicts with writing the TQOCCRm register.

Remark m=0to 3
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(b) 0%/100% output of PWM waveform
<R> To output a 0% waveform, set the TQOCCRK register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTQOCCO and INTQOCCK signals are generated at the timing following the clock in which the
count value of the 16-bit counter matches the value of the CCRO buffer register.

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter ~ FFFF X 0000 ::XDO - 1X Do 0000 X 0001 x ::XDO— 1X Do 0000 x
45 45
TQOCE bit
{ {
)] )]
TQOCCRQO register Do Do Do
! !
)] )]
TQOCCRK register 0000H 0000H 0000H
{ {
INTTQOCCO signal N B
1) 1)
INTTQOCCK signal N N
1) )]
TOQOk pin output

Remark k=1t03

To output a 100% waveform, set a value of (set value of TQOCCRO register + 1) to the TQOCCRKk register.
If the set value of the TQOCCRO register is FFFFH, 100% output cannot be produced.

Count clock ||||||||||||||||||
16-bit counter  FFFF [X 0000 ::XDO—1X Do 0000X0001X ::XDO—1X Do OOOO*

{
)
TQOCE bit

{ {
)] )]

TQOCCRQO register Do Do Do
! !
)] )]

TQOCCRK register Do + 1 B Do +1 ) Do + 1
)] )]

INTTQOCCO signal —l ) —l

)]

INTTQOCCk signal |

TOQOk pin output

Remark k=1t03
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(c) Generation timing of compare match interrupt request signal (INTTQ0CCk)
The timing of generation of the INTTQOCCKk signal in the PWM output mode differs from the timing of other
mode INTTQOCCK signals; the INTTQOCCKk signal is generated when the count value of the 16-bit counter
matches the value of the TQOCCRK register.

Count clock
16-bit counter Dk—-2 X Dk —1 Dk X Dk + 1 X Dk +2
CCRKk buffer register Dk

TOQOK pin output

INTTQOCCK signal —l

Remark k=11t03

Usually, the INTTQOCCK signal is generated in synchronization with the next counting up after the count
value of the 16-bit counter matches the value of the TQOCCRK 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 TOQOk pin.
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8.6.6 Free-running timer mode (TQOMD2 to TQOMDO bits = 101)

In the free-running timer mode, 16-bit timer/event counter Q starts counting when the TQOCTLO.TQOCE bit is set to
1. At this time, the TQOCCRm register can be used as a compare register or a capture register, depending on the
setting of the TQOOPTO0.TQOCCSm bit.

Remark m=0to 3
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Figure 8-32. Configuration in Free-Running Timer Mode

TQO(_')CRS Output |~ ©) TOQO3 pintete2
register controller P
(compare)
TQOCCR2 Output
register contr?)ller — O TOQO2 pin“°e
(compare)
regivier oupt |~ TOQO1 pintete?
9 controller
(compare)
TQOCCRO
Output .
register ; < I ] contr?)ller —=©TOQ00 pin*ere
(compare)
Internal count clock —|  Count TQtOC(/DSm bit
olock Nl (cap ulre compare
TIQOO pinNete? Edge —| selection selection)
(eXL%S:: ien\;eur;} detector 16-bit count INTTQOOV signal
-bit counter signa
capture TQt?tCE N
trigger input I 0
gger input) Edge INTTQOCCS signal
detector 1
L~
TQOCCRO N
register ; INTTQOCC2 signal
capture
TIQO1 pinNoteZ @))_> Edge ( ptu ) /\
~ (capture detector 0
trigger input) -— INTTQOCC1 signal
TQOCCR1 1
register 0
. (capture) 0
Note 2
TIQ02 pin™***? O——=1  g4e INTTQOCCO signal
(capture detector 1
trigger input)
TQOCCR2
register
TIQO03 pinNotez @)_> Edge (capture)
(capture detector
trigger input)
TQOCCR3
register
(capture)

Notes 1. Because the external event count input pin (TIQO00), capture trigger input pin (TIQO00), and timer
output pin (TOQO0) share the same alternate-function pin, two or more functions cannot be used at
the same time.

2. Because the capture trigger input pin (TIQOk) and timer output pin (TOQOk) share the same
alternate-function pin, two or more functions cannot be used at the same time (k = 1 to 3).
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Compare operation

When the TQOCE bit is set to 1, 16-bit timer/event counter Q starts counting, and the output signals of the
TOQOO0 to TOQOS3 pins are inverted. When the count value of the 16-bit counter later matches the set value of
the TQOCCRm register, a compare match interrupt request signal (INTTQOCCm) is generated, and the output
signal of the TOQOm 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 (INTTQOOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TQOOPTO0.TQOOVF 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 TQOCCRm register can be rewritten while the counter is operating.
reflected immediately and compared with the count value.

Remark m=01t03

Figure 8-33. Basic Timing in Free-Running Timer Mode (Compare Function)

If it is rewritten, the new value is

FFFFH

16-bit counter

0000H
TQOCE bit

TQOCCRO register

INTTQOCCO signal
TOQOO pin output

TQOCCRT1 register
INTTQOCCH1 signal
TOQO1 pin output
TQOCCR2 register
INTTQOCC2 signal
TOQO2 pin output
TQOCCRS register
INTTQOCCS signal

TOQO3 pin output
INTTQOOV signal

TQOOVF bit

Dso Dso Dot Dot
DzoZ DzoZ D31 D31Z
D1OZ D21Z D21 /]
D11 D11Z D11Z
] Doo Dot
y D1o D11
y D20 D21
y Dso X D31

Clearedto 0 by Clearedto 0 by Cleared to 0 by

CLR instruction

CLR instruction CLR instruction
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e Capture operation

When the TQOCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIQOm pin
is detected, the count value of the 16-bit counter is stored in the TQOCCRm register, and a capture interrupt
request signal (INTTQOCCm) 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 (INTTQOOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TQOOPTO.TQOOVF 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.

Remark m=0t03

Figure 8-34. Basic Timing in Free-Running Timer Mode (Capture Function)

FFFFH D1o Da1 Ds2 D

N
@

o
g
o
X

\
o
R
o
g
AN

Doo D11 Z
16-bit counter D20 / Doz D13

Do D1z /] Doz /]
w O

TQOCE bit J
TIQOO pin input L—l —l

TQOCCRQO register 0000 Doo Dor Do2 Dos
INTTQOCCO signal _l —l _| _|

TIQO1 pin input |_
TQOCCRA1 register 0000 D1o D11 D12 Dis

INTTQOCCH1 signal —l _| —l _|

TIQO2 pin input

TQOCCR2 register 0000 D20 D21 D22 D23

INTTQOCC2 signal -| _| —l _|

TIQO3 pin input

TQOCCRS register 0000 Dao Ds1 D32 D33
INTTQOCCS signal _| _| —l _|
INTTQOOV signal _| —l _| |

TQOOVF bit

T

Clearedto Oby Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction
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Figure 8-35. Register Setting in Free-Running Timer Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)
TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TaocTo [ o | o | o | o | o | o1 | ot | on |
| |

——— Select count clock™°t

0: Stop counting
1: Enable counting

Note The setting is invalid when the TQOCTL1.TQOEEE bit = 1

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
TQOCTL1|O‘O‘O/1‘O‘O‘1‘O‘1|

1,0, 1:
Free-running timer mode

0: Operate with count
clock selected by
TQOCKSO0 to TQOCKS?2 bits
1: Count on external
event count input signal

(c) TMQO I/O control register 0 (TQ0IOCO0)

TQOOL3 TQOOE3 TQOOL2 TQUOE2 TQOOL1 TQOOE1 TQOOLO TQOOEO
TQOIOCOl 0/1 \ 0/1 \ 0/ \ 0/ \ 0/1 \ 0 \ 0/1 \ 0/ |

L 0: Disable TOQ00 pin output
1: Enable TOQOO pin output

L Setting of output level before
TOQOO pin count operation
0: Low level
1: High level

0: Disable TOQO1 pin output
1: Enable TOQO1 pin output

Setting of output level before
TOQO1 pin count operation
0: Low level

1: High level

0: Disable TOQO2 pin output
1: Enable TOQO2 pin output

Setting of output level before
TOQO2 pin count operation
0: Low level

1: High level

0: Disable TOQOS3 pin output
1: Enable TOQOS3 pin output

Setting of output level before
TOQOS3 pin count operation
0: Low level

1: High level
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Figure 8-35. Register Setting in Free-Running Timer Mode (2/3)

(d) TMQO I/O control register 1 (TQ0IOC1)

TQOIS7 TQOIS6 TQOIS5 TQOIS4 TQOIS3 TQOIS2 TQOIST TQOISO
TQOIOC1| 0/1 \ 0/ \ 0 \ 0/1 \ 0/ \ 0/ \ 0/ \ 0/ |

L] L]
Select valid edge

of TIQOO pin inputN°*

Select valid edge
of TIQO1 pin input

Select valid edge
of TIQO2 pin input

Select valid edge
of TIQO3 pin input

Note Set the valid edge selection of the unused alternate external input signals to “No edge detection”.

(e) TMQO I/O control register 2 (TQ0IOC2)

TQOEEST TQOEESO TQOETS1 TQOETSO
TQOIOCZlO‘0‘0‘0‘0/1‘0/1‘0‘0|

Select valid edge of
external event count input
(TIQOO pin)Nte

Note Set the valid edge selection of the unused alternate external input signals to “No edge detection”.

(f) TMQO option register 0 (TQOOPTO0)

TQOCCS3 TQOCCS2 TQOCCS1 TQOCCSO TQOOVF
TQOOPTOl 0/1 \ 0/ \ 0/1 \ 0/ \ 0 \ 0 \ 0 \ 0/1 |

L Overflow flag

Specifies if TQOCCRO
register functions as
capture or compare register
0: Compare register

1: Capture register

Specifies if TQOCCR1
register functions as
capture or compare register
0: Compare register

1: Capture register

Specifies if TQOCCR2
register functions as
capture or compare register
0: Compare register

1: Capture register

Specifies if TQOCCR3
register functions as
capture or compare register
0: Compare register

1: Capture register
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Figure 8-35. Register Setting in Free-Running Timer Mode (3/3)

(g) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading the TQOCNT register.

(h) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
These registers function as capture registers or compare registers depending on the setting of the
TQOOPTO0.TQOCCSm 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 TIQOm pin is detected.
When the registers function as compare registers and when Dm is set to the TQOCCRm register, the
INTTQOCCm signal is generated when the counter reaches (Dm + 1), and the output signal of the
TOQOm pin is inverted.

Remark m=0to3
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(1) Operation flow in free-running timer mode

(a) When using capture/compare register as compare register

Figure 8-36. Software Processing Flow in Free-Running Timer Mode (Compare Function) (1/2)

FRFFH D2 D21

Dog Doo, / /
Ds Z Ds D Do
16-bit counter D2 Z chZ Ds Ds Z

D1oj Dig/]
D11 D11 D1Z

0000H
TQOCE bit

2

TQOCCRO register :X Doo X Dot

INTTQOCCO signal '| '| '| '|

TOQOO pin output

TQOCCR1 register :X D1o D11

INTTQOCCH1 signal -| -| -| -| -I__

TOQO1 pin output

TQOCCR2 register :X D2o D21

INTTQOCC2 signal -| -| -| -|

TOQO2 pin output

TQOCCRBS register :X Dao X Da1

INTTQOCCS signal -| -| -| -|

TOQOS3 pin output

INTTQOOV signal -| -l -l -l

TQOOVF bit

<1> Clearedto O by Clearedto O by Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction

<2> <2> <2>
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Figure 8-36. 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
TQOCTLO register is performed before setting the
(TQOCKSO to TQOCKS?2 bits) TQOCE bitto 1.

TQOCTLI register,
TQOIOCO register,
TQOIOC2 register,
TQOOPTO register,
TQOCCRO to TQOCCRS registers

The TQOCKSO to TQOCKS2 bits
TQOCE bit = 1 can be set at the same time
when counting has been started
(TQOCE bit = 1).

<2> Overflow flag clear flow

Read TQOOPTO register
(check overflow flag).

TQOOVF bit = 1

Execute instruction to clear
TQOOVF bit (CLR TQOOVF).

<3> Count operation stop flow

Counter is initialized and
TQOCE bit=0 counting is stopped by

clearing TQOCE bit to 0.
(s )
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(b) When using capture/compare register as capture register

Figure 8-37. Software Processing Flow in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH D1o Ds1 D32 D

Das

N
&

|w)
8
g

|
NE

A\

D22
Doo D11 Z
16-bit counter D20 / Doz D1s

D1az DosZ

0000H
TQOCE bit

TIQOO pin input L—l —l

TQOCCRQO register 0000 Doo Dot Doz Dos 0000

INTTQOCCO signal _| _| _l —l

TIQO1 pin input |_

TQOCCRHT register 0000 Dio D11 Di2 Dis 0000

INTTQOCC1 signal _| —| —| —|

TIQO2 pin input

TQOCCR2 register 0000 D20 Do D22 D23 (X 0000

INTTQOCC2 signal _| —| _| —|

TIQO3 pin input

TQOCCR3 register 0000 Dso D31 D32 Das 0000

INTTQOCCS signal _l _l _l —l
INTTQOOV signal _| _| _l _l

TQOOVF bit

T

<1> Clearedto O by Clearedto O by Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction

? T ?

<2> <2> <2>
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Figure 8-37. Software Processing Flow in Free-Running Timer Mode (Capture Function) (2/2)

<1> Count operation start flow

(o)

Register initial setting Initial setting of these registers
TQOCTLO register is performed before setting the
(TQOCKSO0 to TQOCKS2 bits) TQOCE bit to 1.

TQOCTLA1 register,
TQOIOCH register,
TQOOPTO register

The TQOCKSO0 to TQOCKS2 bits can
TQOCE bit = 1 be set at the same time when counting
has been started (TQOCE bit = 1).

<2> Overflow flag clear flow

Read TQOOPTO register
(check overflow flag).

TQOOVF bit =1

Execute instruction to clear
TQOOVF bit (CLR TQOOVF).

<3> Count operation stop flow

Counter is initialized and
TQOCE bit=0 counting is stopped by

clearing TQOCE bit to 0.
< STOP >
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(2) Operation timing in free-running timer mode

(a) Interval operation with compare register
When 16-bit timer/event counter Q is used as an interval timer with the TQOCCRm 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 INTTQOCCm signal has been detected.

Remark m=0t0o3

FFFFH D1 Dog
D Dao D+
2 Da1 /

|

16-bit counter D 0sz Dwz/

00~
DmDoz/ Dz~

T

0000H

TQOCE bit J

TQOCCRO register Doo Dot Doz X Dos Dos X Dos

INTTQOCCO signal

TOQOO pin output

Interval period Interval period Interval period Interval period Interval period

(Doo + 1) (Dot —Doo) ~ (10000H + (Dos - Do2) (Dos — Dog)
Poz — Do) ‘ ‘
TQOCCRH1 register D1o D11 X D12 X D13 X D14

INTTQOCCH1 signal

TOQO1 pin output

Interval period Interval period Interval period  Interval period
(D1o+ 1) (D11-D1w)  (10000H + D12-D11)  (D1a—D12)

TQOCCR2 register D20 X Do1 X D22 Do2s x

INTTQOCC2 signal

TOQO2 pin output

Interval period Interval period  Interval period Interval period
(D20 + 1)  (10000H + D21 — D20) (D22 —D21) (10000H + D23 — D22)

TQOCCRS register Dso X Da1 X Ds2

INTTQOCCS signal

TOQOS3 pin output

Interval period Interval period
(Dso + 1) (10000H + D31 — Dao)
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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 TQOCCRm register must be re-set in the
interrupt servicing that is executed when the INTTQOCCm signal is detected.

The set value for re-setting the TQOCCRm register can be calculated by the following expression, where
“Dm” is the interval period.

Compare register default value: Dm — 1
Value set to compare register second and subsequent time: Previous set value + Dm
(If the calculation result is greater than FFFFH, subtract 10000H from the result and set this value to the

register.)

Remark m=0to03
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(b) Pulse width measurement with capture register
When pulse width measurement is performed with the TQOCCRm register used as a capture register,
software processing is necessary for reading the capture register each time the INTTQOCCm signal has
been detected and for calculating an interval.

FFFFH

D1o D31 D13 D2s
Dso Z D21 Z Ds2 Z Dss Z
Doo Z D11 Z
16-bit counter D2°Z Doz Do2
Do1 D1zz Doaz
0000H
TQOCE bit _J

TIQOO pin input U—l —l —l
TQOCCRO register 0000 Doo Dot Doz Dos
INTTQOCCO signal

Pulse interval Pulse interval  Pulse interval Pulse interval
(Doo + 1) (10000H + (10000H + (10000H +
Dot — Doo) Doz — Do1) Dos — Do2)

TIQO1 pin input | _|
TQOCCRH1 register 0000 D1o D11 D12 D13
INTTQOCCH signal

Pulse interval Pulse interval Pulse interval Pulse interval
(D10 + 1) (10000H +  (10000H + (D13 —D12)
D11 — Do) D12 - D11)

TIQO2 pin input | |
TQOCCR2 register 0000 D20 D21 D22 D23
INTTQOCC2 signal _| _|

Pulse interval Pulse interval Pulse interval Pulse interval
(D20 + 1) (10000H + (20000H + (D23 — D22)
D21 — D2o) D22 — D21)

TIQO3 pin input |
TQOCCRS register 0000 Ds3o Ds1 D32 Ds3
INTTQOCCS3 signal

Pulse interval Pulse interval Pulse interval Pulse interval
(Dso + 1) (10000H + (10000H + (10000H +
D31 — Dao) Da2 — Dat) Das — Da2)
INTTQOOQV signal
TQOOVF bit

| | |

Clearedto O by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction
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When executing pulse width measurement in the free-running timer mode, four 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 TQOCCRm
register in synchronization with the INTTQOCCm signal, and calculating the difference between the read
value and the previously read value.

Remark m=0t03
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(c) Processing of overflow when two or more 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 or more capture registers are used

FFFFH

D11
16-bit counter Df /
Doo Dot

0000H

TQOCE bit J

TIQOO pin input -| -|

TQOCCRO register Doo Dot

TIQO1 pin input _| _|

TQOCCRT1 register Do D1

INTTQOOV signal -| -|

TQOOVF 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 TQOCCRO register (setting of the default value of the TIQO0O pin input).
<2> Read the TQOCCR1 register (setting of the default value of the TIQO01 pin input).
<3> Read the TQOCCRO 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 TQOCCRH1 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 — D1o) (incorrect).

420

When two capture registers are used, and if the overflow flag is cleared to O 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)

TQOCCRQO register Doo Dot

INTTQOOV signal

TQOOVFO flagh°®

TQOOVF1 flagh®®

Example when two capture registers are used (using overflow interrupt)

FFFFH
D11
16-bit counter DY /
Doo Do1
0000H

TQOCE bit J

TQOOVF bit —| —|

TIQOO pin input

TIQO1 pin input

TQOCCR register D1o D11

<1> <2> <3> <4> <5> <6>

Note The TQOOVFO and TQOOVF1 flags are set on the internal RAM by software.

<1>
<2>

<3>

<4>

<5>

<6>

Read the TQOCCRQO register (setting of the default value of the TIQOO pin input).

Read the TQOCCRT1 register (setting of the default value of the TIQO01 pin input).

An overflow occurs. Set the TQOOVFO and TQOOVF1 flags to 1 in the overflow interrupt servicing,
and clear the overflow flag to 0.

Read the TQOCCRO register.

Read the TQOOVFO flag. If the TQOOVFO flag is 1, clear it to 0.

Because the TQOOVFO flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).

Read the TQOCCRT1 register.

Read the TQOOVF1 flag. If the TQOOVF1 flag is 1, clear it to 0 (the TQOOVFO flag is cleared in
<4>, and the TQOOVF1 flag remains 1).

Because the TQOOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).

Same as <3>
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2/2)

Example when two capture registers are used (without using overflow interrupt)

FFFFH

D11
16-bit counter y /
Doo Do1

0000H

TQOCE bit |

INTTQOOQV signal -| -|

TQOOVF bit

TQOOVFO flagh™® |

TIQOO pin input

TQOCCRO register Doo Do1

TQOOVF1 flagh®®

TIQO1 pin input

TQOCCR1 register D1o D11

<1> <2> <3> <4> <5> <6>

Note The TQOOVFO and TQOOVF1 flags are set on the internal RAM by software.

<1> Read the TQOCCRO register (setting of the default value of the TIQOO pin input).
<2> Read the TQOCCRT1 register (setting of the default value of the TIQO01 pin input).
<3> An overflow occurs. Nothing is done by software.
<4> Read the TQOCCRO register.
Read the overflow flag. If the overflow flag is 1, set only the TQOOVF1 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).
<5> Read the TQOCCRH1 register.
Read the overflow flag. Because the overflow flag is cleared in <4>, 0 is read.
Read the TQOOVF1 flag. If the TQOOVF1 flagis 1, clear it to 0.
Because the TQOOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).
<6> 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 oo

16-bit counter

Dm/
0000H

TQOCE bit J
TIQOm pin input |
D

TQOCCRm register Dmo

m1

INTTQOOV signal

TQOOVF bit

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

The following problem may occur when a long pulse width in the free-running timer mode.

<1> Read the TQOCCRm register (setting of the default value of the TIQOm 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 TQOCCRm 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 + Dmi — Dmo)
(incorrect).
Actually, the pulse width must be (20000H + Dm1 — Dmo) because an overflow occurs twice.

Remark m=0t03

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

Dmo

16-bit counter

Dm/
0000H
TQOCE bit J

TIQOm pin input

TQOCCRmM register Dmo Dmi
INTTQOOV signal -| -|
TQOOVF bit —| —|
Overflow OH X 1H XZH X OH
counter°®

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 TQOCCRm register (setting of the default value of the TIQOm 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 TQOCCRm register.
Read the overflow counter.
— When the overflow counter is “N”, the pulse width can be calculated by (N x 10000H + Dm1 —

DmO).

In this example, the pulse width is (20000H + Dm1 — Dmo) because an overflow occurs twice.
Clear the overflow counter (OH).

Remark m=0to 3

(e) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TQOOVF bit to 0 with the CLR instruction after
reading TQOOVF bit = 1 and by writing 8-bit data (bit 0 is 0) to the TQOOPTO register after reading
TQOOVF bit = 1.
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(3) Note on capture operation

If the capture operation is used and if a slow clock is selected as the count clock, FFFFH, not 0000H, may be
captured to the TQOCCRm register if the capture trigger is input immediately after the TQOCTLO.TQOCE bit is
setto1 (m=0to 3).

16-bit counter

0000H

Count clock

Sampling clock

TQOCCRO register

TQOCE bit

TIQOO pin input

Capture trigger input

0000H X

FFFFH >< 0001H

i

|_|

A

Capture trigger input
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8.6.7 Pulse width measurement mode (TQOMD2 to TQOMDO bits = 110)

In the pulse width measurement mode, 16-bit timer/event counter Q starts counting when the TQOCTLO.TQOCE bit
is set to 1. Each time the valid edge input to the TIQOm pin has been detected, the count value of the 16-bit counter is
stored in the TQOCCRm register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TQOCCRm register after a capture interrupt request
signal (INTTQOCCm) occurs.

In case of Figure 8-39, select either of the TIQOO0 to TIQO3 pins as the capture trigger input pin. Specify “No edge
detected” by using the TQOIOC1 register for the unused pins.

Remark m=0to 3

k=1t03
<R> Figure 8-38. Configuration in Pulse Width Measurement Mode
Count
clock
selection Clear AT~
TQOCE 16-bit counter INTTQOOV signal
; bit
iocoen | eage
trigger input) detector t— INTTQOCCO signal
TQOCCRO
register INTTQOCCH1 signal
signal
TIQ01 pin O £40 (capture)
(capturcj detector
trigger input .
TQOCCR1 INTTQOCC2 signal
register
. (capture)
TIQ02 pin O~ 440 INTTQOCCS signal
(capture detector
trigger input)
TQOCCR2
register
TIQo3 pin O—={ Edge (capture)
(capture detector
trigger input)
TQOCCRS3
register
(capture)
Caution In the pulse width measurement mode, select the internal clock (set the
TQOCTL1.TQOEEE bit = 0) as the count clock.
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Figure 8-39. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TQOCE bit

TIQOmM pin input k \

TQOCCRmM register 0000H Do D1 D2 Ds

INTTQOCCm signal —| —| —| _|

INTTQOOV signal

Cleared to 0 by
TQOOVF bit CLR instruction

Remark m=0to03

When the TQOCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIQOm pin is
later detected, the count value of the 16-bit counter is stored in the TQOCCRm register, the 16-bit counter is cleared to
0000H, and a capture interrupt request signal (INTTQOCCm) 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 TIQOm pin even when the 16-bit counter counted up to FFFFH, an overflow
interrupt request signal (INTTQOOV) is generated at the next count clock, and the counter is cleared to 0000H and
continues counting. At this time, the overflow flag (TQOOPTO.TQOOVF 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 TQOOVF bit set (1) count + Captured value) x Count clock cycle

Remark m=0to 3
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Figure 8-40. Register Setting in Pulse Width Measurement Mode (1/2)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TQOCTLOl 0/ \ 0 \ 0 \ 0 \ 0 \ 0/ \ 0/1 \ 0/1|
| |
<R>
Select count clock
0: Stop counting
1: Enable counting
(b) TMQO control register 1 (TQOCTL1)
TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
<R>| Taoctii| o | o [ o | o | o | 1+ | 1 | o |
| |
1,1,0:

Pulse width measurement mode

0: Operate with count
clock selected by
TQOCKSO0 to TQOCKS?2 bits

(c) TMQO I/O control register 1 (TQOIOC1)

TQOIS7 TQOIS6 TQOIS5 TQOIS4 TQOIS3 TQOIS2 TQOIST TQOISO
TQOIOC1| 0/1 \ 0/ \ 0/ \ 0/ \ 0/ \ 0/ \ 0/ \ 0/ |

L] L]
Select valid edge

of TIQOO pin input

Select valid edge
of TIQO1 pin input

Select valid edge
of TIQO2 pin input

Select valid edge
of TIQO3 pin input
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Figure 8-40. Register Setting in Pulse Width Measurement Mode (2/2)

(d) TMQO option register 0 (TQOOPTO0)

TQOCCS3 TQOCCS2 TQOCCST TQOCCSO TQOOVF
TQOOPTOlO‘0‘0‘0‘0‘0‘0‘0/1'

L

Overflow flag

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading the TQOCNT register.

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)

These registers store the count value of the 16-bit counter when the valid edge input to the TIQOm pin
is detected.

Remarks 1. TMQO I/O control register 0 (TQOIOCO) and TMQO 1/O control register 2 (TQOIOC2) are
not used in the pulse width measurement mode.
2. m=0to3
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(1) Operation flow in pulse width measurement mode

Figure 8-41. Software Processing Flow in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H
TQOCE bit (
TIQOO pin input
1\ N \
TQOCCRO register 0000H Do D1 DzX 0000H
INTTQOCCO signal —| —| —|
<1> <2>

<R> <1> Count operation start flow

(o )

Register initial setting
TQOCTLO register
(TQOCKSO0 to TQOCKS?2 bits),
TQOCTLA1 register,
TQOIOCHT register,
TQOOPTO register

Initial setting of these registers
is performed before setting the
TQOCE bitto 1.

TQOCE bit = 1 The TQOCKSO0 to TQOCKS2 bits can
be set at the same time when counting
has been started (TQOCE bit = 1).

<2> Count operation stop flow

The counter is initialized and counting
TQOCE bit=0 is stopped by clearing the TQOCE bit to 0.

C=
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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 TQOOVF bit to 0 with the CLR instruction after
reading the TQOOVF bit when it is 1 and by writing 8-bit data (bit 0 is 0) to the TQOOPTO register after
reading the TQOOVF bit when it is 1.

(3) Note
If a slow clock is selected as the count clock, FFFFH, not 0000H, may be captured to the TQOCCRm register if
the capture trigger is input immediately after the TQOCTLO.TQOCE bit is setto 1 (m = 0 to 3).

FFFFH

16-bit counter = |_

0000H

Count clock

TQOCCRO register 0000H >< FFFFH >< 0002H

TQOCE bit J E |
TIQOO pin input |_| |_|

Capture trigger input Capture trigger input

8.7 Selector Function

For the selector function, see 7.7 Selector Function.
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Timer M (TMM) is a 16-bit interval timer.
The V850ES/SG2 and V850ES/SG2-H incorporate TMMO.

9.1 Overview
The TMMO has the following functions.

e Interval function
e 8 clocks selectable
e 16-bit counter x 1
(The 16-bit counter cannot be read during timer count operation.)
e Compare register x 1
(The compare register cannot be written during timer count operation.)
e Compare match interrupt x 1

Timer M supports only the clear & start mode. The free-running timer mode is not supported.
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9.2 Configuration

TMMO includes the following hardware.

Table 9-1. Configuration of TMMO

ltem

Configuration

Timer register

16-bit counter

Register

TMMO compare register 0 (TMOCMPO)

Control register

TMMO control register 0 (TMOCTLO)

Figure 9-1. Block Diagram of TMMO

2

Internal bus

TMOCTLO @

i

[TMOCE |TMOCKS2 TMOCKSTMOCKS} [ T™ocmPo |

—

fxx ——=1
fxx/2 ——=
fxx/4 ——1
fxx/64 ——
fxx/512 ——
INTWT

frR/8 —

fxr ——

Match

Selector

Controller ——l 16-bit counter |?37

lear

Remark fxx: Main clock frequency
fr: Internal oscillation clock frequency
fxT: Subclock frequency
INTWT: Watch timer interrupt request signal

INTTMOEQO

(1) 16-bit counter

This is a 16-bit counter that counts the internal clock.
The 16-bit counter cannot be read or written.

(2) TMMO compare register 0 (TMOCMPO)
The TMOCMPO register is a 16-bit compare register.
This register can be read or written in 16-bit units.

Reset input clears this register to 0000H.
The same value can always be written to the TMOCMPO register by software.

During the TMMO operation (TMOCTLO.TMOCE bit = 1), rewriting the TMOCMPO register is prohibited.

15

After reset: 0000H
14 13

R/W Address: FFFFF694H
i2 11 10 9 8 7 6 5 4

TMOCMPO |
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9.3 Register

(1) TMMO control register (TMOCTLO)
The TMOCTLO register is an 8-bit register that controls the TMMO operation.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to O0H.
The same value can always be written to the TMOCTLO register by software.

After reset: O0H R/W Address: FFFFF690H

<7> 6 5 4 3 2 1 0
TMOCTLO | TMOCE |  © 0 [TMOCKS2TMOCKS1TMOCKSO|

TMOCE Internal clock operation enable/disable specification
0 TMMO operation disabled (16-bit counter reset asynchronously).
Operation clock application stopped.
1 TMMO operation enabled. Operation clock application started. TMMO
operation started.
The internal clock control and internal circuit reset for TMMO are performed
asynchronously with the TMOCE bit. When the TMOCE bit is cleared to 0, the
internal clock of TMMO is disabled (fixed to low level) and 16-bit counter is reset
asynchronously.
TMOCKS2 TMOCKS1 TMOCKSO Count clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/64
1 0 0 fxx/512
1 0 1 INTWT
1 1 0 fr/8
1 1 1 fxr

Cautions 1. Set the TMOCKS2 to TMOCKSO bits when TMOCE bit = 0.
When changing the value of TMOCE from 0 to 1, it is not possible to set the value of the
TMOCKS2 to TMOCKSO bits simultaneously.
2. Be sure to clear bits 3 to 6 to “0”.

Remark fxx: Main clock frequency
fr:  Internal oscillation clock frequency
fxt:  Subclock frequency
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9.4 Operation
Caution Do not set the TMOCMPO register to FFFFH.
9.4.1 Interval timer mode
In the interval timer mode, an interrupt request signal (INTTMOEQO) is generated at the interval set by the

TMOCMOP register if the TMOCTLO.TMOCE bit is set to 1.

Figure 9-2. Configuration of Interval Timer

Clear

Count clock ) )
selection 16-bit counter
& Match signal

TMOCE bit TMOCMPO register

INTTMOEQO signal

Figure 9-3. Basic Timing of Operation in Interval Timer Mode

FFFFH

Do — Do Do — Do N

16-bit counter

0000H

TMOCE bit

TMOCMPO register x Do

INTTMOEQO signal _l _l —l —l

Interval Interval Interval Interval
(Do + 2) (Do + 1) (Do + 1) (Do + 1)

When the TMOCE 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.

When the count value of the 16-bit counter matches the value of the TMOCMPO register, the 16-bit counter is
cleared to 0000H and a compare match interrupt request signal (INTTMOEQO) is generated.

The interval can be calculated by the following expression.

Interval = (Set value of TMOCMPO register + 1) x Count clock cycle
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Figure 9-4. Register Setting for Interval Timer Mode Operation

(a) TMMO control register 0 (TMOCTLO)

TMOCE TMOCKS2 TMOCKS1 TMOCKSO
TMOCTLO|0/1‘0‘0‘0‘0‘0/1‘0/1‘0/1'

Select count clock

0: Stop counting
1: Enable counting

(b) TMMO compare register 0 (TMOCMPO)
If the TMOCMPO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle
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(1) Interval timer mode operation flow

Figure 9-5. Software Processing Flow in Interval Timer Mode

FFFFH

. Do — Do — Do —
16-bit counter

0000H

TMOCE bit

TMOCMPO register x Do

INTTMOEQO signal —| —| —|

<1>

<1> Count operation start flow

Cor D

Initial setting of these registers is performed
Register initial setting before the TMOCE bit is set to 1.
TMOCTLO register

(TMOCKSO0 to TMOCKS?2 bits)
TMOCMPO register

The TMOCKSO to TMOCKS2 bits cannot be

TMOCE bit=1 set when counting starts (TMOCE bit = 1).

<2> Count operation stop flow

The counter is initialized and counting is
TMOCE bit=0 stopped by clearing the TMOCE bit to 0.

=

<2>
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(2) Interval timer mode operation timing
Caution Do not set the TMOCMPO register to FFFFH.
<R> (a) Operation if TMOCMPO register is set to 0000H

If the TMOCMPO register is set to 0000H, the INTTMOEQO signal is generated at each count clock.
The value of the 16-bit counter is always 0000H.

Count clock |
16-bit counter FFFFH X 0000H 0000H 0000H 0000H
TMOCE bit
TMOCMPO register 0000H
INTTMOEQO signal |
Interval time Interval time Interval time
Count clock cycle x 2 Count clock cycle | Count clock cycle

(b) Operation if TMOCMPO register is set to N
If the TMOCMPO register is set to N, the 16-bit counter counts up to N. The counter is cleared to 0000H in
synchronization with the next count-up timing and the INTTMOEQO signal is generated.

FFFFH ——
N
16-bit counter
0000H
TMOCE bit
TMOCMPO register N
INTTMOEQO signal —| —| —|
<R> Interval time Interval time Interval time
(N +2) x (N + 1) x (N +1)x
count clock cycle | count clock cycle | count clock cycle
Remark O0000H < N < FFFFH
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9.4.2 Cautions

(1) It takes the 16-bit counter up to the following time to start counting after the TMOCTLO.TMOCE bit is set to 1,
depending on the count clock selected.

Selected Count Clock Maximum Time Before Counting Start
fxx 2/fxx
fxx/2 6/fxx
fxx/4 24/fxx
fxx/64 128/fxx
fxx/512 1024/fxx
INTWT Second rising edge of INTWT signal
fr/8 16/fr
fxr 2/fxt

(2) Rewriting the TMOCMPO and TMOCTLO registers is prohibited while TMMO is operating.
If these registers are rewritten while the TMOCE bit is 1, the operation cannot be guaranteed.
If they are rewritten by mistake, clear the TMOCTLO.TMOCE bit to 0, and re-set the registers.

<R> (8) Do not set the TMOCMPO register to FFFFH.
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10.1 Functions
The watch timer has the following functions.
e Watch timer: An interrupt request signal (INTWT) is generated at intervals of 0.5 or 0.25 seconds by using the
main clock or subclock.

¢ Interval timer: An interrupt request signal (INTWTI) is generated at set intervals.

The watch timer and interval timer functions can be used at the same time.
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10.2 Configuration
The block diagram of the watch timer is shown below.

Figure 10-1. Block Diagram of Watch Timer

2 Internal bus 8

PRSMO register @
[ BGCEO | BGCSO01/BGCS00)
L, |

[ wrmz | wrwve | wrms | wrma | wrms | wrmz | wimt | wTwmo |

Watch timer operation mode register
(WTM)

Clear l
‘ Clock 3-bit 2 PRSCMO register
control rescaler
P U Match
— 1/2
fx/8 {}
x4 | S
s |f
2 |3 Becs 8-bit counter
fx g
S . S
Clear e 5-bit counter Q ~INTWT
fera = > 2
e 11-bit prescaler 2 @
g fw
@ Clear
fxt » fw/25|fw/ 28 [fuw/27 [fu/28 fw/21® fw/2!|fw/2® 4
S
E INTWTI
[0}
n
3

2 Internal bus

Remark fx: Main clock oscillation frequency
feecs:  Watch timer source clock frequency
fBRa: Watch timer count clock frequency
fxT: Subclock frequency
fw: Watch timer clock frequency

INTWT: Watch timer interrupt request signal
INTWTI: Interval timer interrupt request signal

User's Manual U16541EJ5V1UD

441



CHAPTER 10 WATCH TIMER FUNCTIONS

Q)

()

©))

(4)

®)

(6)

(7)

(8)

(9)
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Clock control
This block controls supplying and stopping the operating clock (fx) when the watch timer operates on the main
clock.

3-bit prescaler
This prescaler divides fx to generate fx/2, fx/4, or fx/8.

8-bit counter
This 8-bit counter counts the source clock (fsacs).

11-bit prescaler
This prescaler divides fw to generate a clock of fw/2* to fw/2".

5-bit counter
This counter counts fw or fw/2°, and generates a watch timer interrupt request signal at intervals of 2*/fw, 2%fw,
2"%/fw, or 2"/fw.

Selector
The watch timer has the following five selectors.

e Selector that selects one of fx, fx/2, fx/4, or fx/8 as the source clock of the watch timer

¢ Selector that selects the main clock (fx) or subclock (fx) as the clock of the watch timer

¢ Selector that selects fw or fw/2° as the count clock frequency of the 5-bit counter

o Selector that selects 2*/fw, 2"/fw, 2°/fw, or 2"/fw as the INTWT signal generation time interval

e Selector that selects 2*/fw to 2'/fw as the interval timer interrupt request signal (INTWTI) generation time
interval

PRSCM register
This is an 8-bit compare register that sets the interval time.

PRSM register
This register controls clock supply to the watch timer.

WTM register

This is an 8-bit register that controls the operation of the watch timer/interval timer, and sets the interrupt
request signal generation interval.
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10.3 Control Registers
The following registers are provided for the watch timer.

e Prescaler mode register 0 (PRSMO)
o Prescaler compare register 0 (PRSCMO)
o Watch timer operation mode register (WTM)

(1) Prescaler mode register 0 (PRSMO0)
The PRSMO register controls the generation of the watch timer count clock.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to O0OH.

After reset: 00H R/W Address: FFFFF8BOH

6 5 <4> 3 2 1 0
PRsMo | o | o | o [Baceo| o | o [Bacsot|BaCsoo|
BGCEO Main clock operation enable
0 Disabled
1 Enabled
BGCS01 | BGCS00 Selection of watch timer source clock (fsacs)
5 MHz 4 MHz
0 fx 200 ns 250 ns
0 1 fx/2 400 ns 500 ns
1 0 fx/4 800 ns 1us
1 1 x/8 1.6 us 2us

Cautions 1. Do not change the values of the BGCS00 and BGCS01 bits during watch timer
operation.
2. Set the PRSMO register before setting the BGCEO bit to 1.
3. Set the PRSMO0 and PRSCMO registers according to the main clock frequency that is
used so as to obtain an fera frequency of 32.768 kHz.
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(2) Prescaler compare register 0 (PRSCMO0)
The PRSCMO register is an 8-bit compare register.
This register can be read or written in 8-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF8B1H

7 6 5 4 3 2 1 0
PRSCMO | PRSCMO7 PRSCM06| PRSCMO5 PRSCM04| PRSCMO3[PRSCMO02 |PRSCMO1 | PRSCMOO|

Cautions 1. Do not rewrite the PRSCMO register during watch timer operation.
2. Set the PRSCMO register before setting the PRSM0.BGCEQO bit to 1.
3. Set the PRSM0 and PRSCMO registers according to the main clock frequency that is
used so as to obtain an fsrc frequency of 32.768 kHz.

The calculation for fsra is shown below.
fera = feaes/2N
Remark fsacs: Watch timer source clock set by the PRSMO register

N: Set value of the PRSCMO register = 1 to 256
However, N = 256 when the PRSCMO register is set to 00H.
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(3) Watch timer operation mode register (WTM)

The WTM register enables or disables the count clock and operation of the watch timer, sets the interval time

of the prescaler, controls the operation of the 5-bit counter, and sets the set time of the watch flag.
Set the PRSMO register before setting the WTM register.

This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to O0OH.

(1/2)
After reset: 00H R/W Address: FFFFF680H
7 6 5 4 3 2 <1> <0>
wim [ wrmz | wime | wrms | wima | wims | wrmz | wrmi | wrmo |
WTM7 | WTM6 | WTM5 | WTM4 Selection of interval time of prescaler
0 0 0 0 2%/fw (488 us: fw = fxt)
0 0 0 1 25/fw (977 us: fw = fxt)
0 0 1 0 25/fw (1.95 ms: fw = fx1)
0 0 1 1 27/fw (3.91 ms: fw = fxt)
0 1 0 0 28/fw (7.81 ms: fw = fxT)
0 1 0 1 2%fw (15.6 ms: fw = fxr)
0 1 1 0 21%fw (31.3 ms: fw = fxr)
0 1 1 1 2" /fw (62.5 ms: fw = fxt)
1 0 0 0 2%/fw (488 us: fw = fara)
1 0 0 1 25/fw (977 us: fw = fera)
1 0 1 0 25/fw (1.95 ms: fw = fera)
1 0 1 1 27/fw (3.91 ms: fw = fera)
1 1 0 0 28/fw (7.81 ms: fw = fara)
1 1 0 1 2%fw (15.6 ms: fw = fera)
1 1 1 0 2'%fw (31.3 ms: fw = fera)
1 1 1 1 2"/fw (62.5 ms: fw = fera)
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@/2)

WTM7 | WTM3 | WTM2 Selection of set time of watch flag
0 0 0 2%/fw (0.5 s: fw = fx1)
0 0 1 2'%/fw (0.25 s: fw = fxT)
0 1 0 25/fw (977 us: fw = fxr)
0 1 1 2%fw (488 us: fw = fxr)
1 0 0 2'%/fw (0.5 s: fw = fsra)
1 0 1 2'%fw (0.25 s: fw = fera)
1 1 0 25/fw (977 us: fw = fera)
1 1 1 2%fw (488 us: fw = fera)
WTM1 Control of 5-bit counter operation
0 Clears after operation stops
1 Starts
WTMO Watch timer operation enable
0 Stops operation (clears both prescaler and 5-bit counter)
1 Enables operation

Caution Rewrite the WTM2 to WTM?7 bits while both the WTMO and WTM1 bits are 0.

Remarks 1. fw: Watch timer clock frequency
2. Values in parentheses apply to operation with fw = 32.768 kHz
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10.4 Operation

10.4.1 Operation as watch timer

The watch timer generates an interrupt request signal (INTWT) at fixed time intervals. The watch timer operates
using time intervals of 0.25 or 0.5 seconds with the subclock (32.768 kHz) or main clock.

The count operation starts when the WTM.WTM1 and WTM.WTMO bits are set to 11. When the WTMO bit is
cleared to 0, the 11-bit prescaler and 5-bit counter are cleared and the count operation stops.

The time of the watch timer can be adjusted by clearing the WTM1 bit to 0 and then the 5-bit counter when
operating at the same time as the interval timer. At this time, an error of up to 15.6 ms may occur for the watch timer,
but the interval timer is not affected.

If the main clock is used as the count clock of the watch timer, set the count clock using the PRSM0.BGCS01 and
BGCSO00 bits, the 8-bit comparison value using the PRSCMO register, and the count clock frequency (fsrc) of the
watch timer to 32.768 kHz.

When the PRSMO0.BGCEUQO bit is set (1), fara is supplied to the watch timer.

fera can be calculated by the following expression.

fara = /(2™ x N)

To set fere to 32.768 kHz, perform the following calculation and set the BGCS01 and BGCSO00 bits and the
PRSCMO register.

<1> Set N = fx/65,536. Setm =0.

<2> When the value resulting from rounding up the first decimal place of N is even, set N before the roundup as
N/2andmas m+ 1.

<3> Repeat <2> until N is odd or m = 3.

<4> Set the value resulting from rounding up the first decimal place of N to the PRSCMO register and m to the
BGCS01 and BGCSO0O bits.

Example: When fx = 4.00 MHz
<1> N = 4,000,000/65,536 = 61.03..., m=0
<2>, <3> Because N (round up the first decimal place) is odd, N =61, m = 0.
<4> Set value of PRSCMO register: 3DH (61), set value of BGCS01 and BGCSO00 bits: 00

At this time, the actual fsra frequency is as follows.
fera = fx/(2™" x N) = 4,000,000/(2 x 61)
= 32.787 kHz

Remark m: Division value (set value of BGCS01 and BGCSO00 bits) =0 to 3
N: Set value of PRSCMO register = 1 to 256
However, N = 256 when PRSCMO register is set to 00H.
fx: Main clock oscillation frequency
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10.4.2 Operation as interval timer

The watch timer can also be used as an interval timer that repeatedly generates an interrupt request signal
(INTWTI) at intervals specified by a preset count value.

The interval time can be selected by the WTM.WTM4 to WTM?7 bits.

Table 10-1. Interval Time of Interval Timer

WTM7 WTM6 WTM5 WTM4 Interval Time

0 0 0 0 2" x 1/fw 488 us (operating at fw = fxr = 32.768 kHz)

0 0 0 1 2° x 1/fw 977 us (operating at fw = fxr = 32.768 kHz)

0 0 1 0 2° x 1/fw 1.95 ms (operating at fw = fxr = 32.768 kHz)
0 0 1 1 2" x 1/iw 3.91 ms (operating at fw = fxr = 32.768 kHz)
0 1 0 0 2° x 1/fw 7.81 ms (operating at fw = fxr = 32.768 kHz)
0 1 0 1 2° x 1/fw 15.6 ms (operating at fw = fxr = 32.768 kHz)
0 1 1 0 2" x 1/fw 31.3 ms (operating at fw = fxr = 32.768 kHz)
0 1 1 1 2" x 1/fw 62.5 ms (operating at fw = fxr = 32.768 kHz)
1 0 0 0 2' x 1/fw 488 us (operating at fw = fera = 32.768 kHz)
1 0 0 1 2° x 1/fw 977 us (operating at fw = fara = 32.768 kHz)
1 0 1 0 2° x 1/fw 1.95 ms (operating at fw = fsre = 32.768 kHz)
1 0 1 1 2" x 1/fw 3.91 ms (operating at fw = fera = 32.768 kHz)
1 1 0 0 2° x 1/fw 7.81 ms (operating at fw = fsra = 32.768 kHz)
1 1 0 1 2° x 1/fw 15.6 ms (operating at fw = fsre = 32.768 kHz)
1 1 1 0 2° x 1/fw 31.3 ms (operating at fw = fera = 32.768 kHz)
1 1 1 1 2" x 1/fw 62.5 ms (operating at fw = fers = 32.768 kHz)

Remark fw: Watch timer clock frequency
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Figure 10-2. Operation Timing of Watch Timer/Interval Timer

5-bit counter

OH

Start

Watch timer interrupt
INTWT

Countloc LTI gigiplinh
fw or fW/29 —_—d Dl —|_|—|_|—|

Interval timer interrupt

Interrupt time of watch timer (0.5 s) | Interrupt time of watch timer (0.5 s)

INTWTI

Interval time (T) Interval time (T)

nT

Remarks 1. When 0.5 seconds of the watch timer interrupt time is set.
2. fw: Watch timer clock frequency

n: Number of interval timer operations

Values in parentheses apply to operation with fw = 32.768 kHz.

nT

10.4.3 Cautions

Some time is required before the first watch timer interrupt request signal (INTWT) is generated after operation is

enabled (WTM.WTM1 and WTM.WTMO bits = 1).

Figure 10-3. Example of Generation of Watch Timer Interrupt Request Signal (INTWT)

(When Interrupt Cycle = 0.5 s)

longer (max.)). The INTWT signal is then generated every 0.5 seconds.

It takes 0.515625 seconds (max.) for the first INTWT signal to be generated (2° x 1/32768 = 0.015625 seconds

WTMO, WTM1

0.515625 s 05s

05s

INTWT
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11.1 Functions

Watchdog timer 2 has the following functions.

450

Note 1

Default-start watchdog timer

— Reset mode: Reset operation upon overflow of watchdog timer 2 (generation of WDT2RES signal)

— Non-maskable interrupt request mode: NMI operation upon overflow of watchdog timer 2 (generation of
INTWDT?2 signal)"***

Input selectable from main clock, internal oscillation clock, and subclock as the source clock

Notes 1. Watchdog timer 2 automatically starts in the reset mode following reset release.
When watchdog timer 2 is not used, either stop its operation before reset is executed via this
function, or clear watchdog timer 2 once and stop it within the next interval time.
Also, write to the WDTM2 register for verification purposes only once, even if the default settings
(reset mode, interval time: fr/2") do not need to be changed.
2. For the non-maskable interrupt servicing due to a non-maskable interrupt request signal (INTWDT2),
see 22.2.2 (2) INTWDT2 signal.
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11.2 Configuration

The following shows the block diagram of watchdog timer 2.

F

igure 11-1. Block Diagram of Watchdog Timer 2

fxx/218 to fxx/2%5,
fxx/28 ——= x1/2° to fx1/216,
T %Ioﬁlf tebit [M2TIOW2E ) Output
- con'?roller counter | elector controller
fr/2% ——»
2
? Clear L 3

Watchdog timer enable
register (WDTE)

[ 0 |wDM21]WDM20|WDCS24)WDCS23WDCS22 WDCS21]WDCS20)

Watchdog timer mode
register 2 (WDTM2)

2 Internal bus 2
Remark fxx: Main clock frequency
fxT: Subclock frequency
fR: Internal oscillation clock frequency

INTWDT2: Non-maskable interrupt request signal from watchdog timer 2
WDTRES2: Watchdog timer 2 reset signal

INTWDT2

WDT2RES
(internal reset signal)

Watchdog timer 2 consists of the following hardware.

Table 11-1. Configuration of Watchdog Timer 2

ltem

Configuration

Control registers

Watchdog timer mode register 2 (WDTM2)
Watchdog timer enable register (WDTE)
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11.3 Registers

(1) Watchdog timer mode register 2 (WDTM2)
The WDTM2 register sets the overflow time and operation clock of watchdog timer 2.
This register can be read or written in 8-bit units. This register can be read any number of times, but it can be
written only once following reset release.
Reset sets this register to 67H.

Caution Accessing the WDTM2 register is prohibited in the following statuses. For details, see 3.4.9
(2) Accessing specific on-chip peripheral I/O registers.
¢ 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: 67H R/W Address: FFFFF6DOH

7 6 5 4 3 2 1 0
wotM2 | o | wbm21 | wbmzo [wbcs24| wocses|wpes2z2 | woesz1 | wpes2o|
WDM21 | WDM20 Selection of operation mode of watchdog timer 2
0 0 Stops operation
0 1 Non-maskable interrupt request mode
(generation of INTWDT2 signal)
1 - Reset mode (generation of WDT2RES signal)

Cautions 1. For details of the WDCS20 to WDCS24 bits, see Table 11-2 Watchdog Timer 2 Clock
Selection.
2. Although watchdog timer 2 can be stopped just by stopping operation of the internal
oscillator, clear the WDTM2 register to 00H to securely stop the timer (to avoid selection
of the main clock or subclock due to an erroneous write operation).

<R> 3. If the WDTM2 register is rewritten twice after reset, an overflow signal is forcibly
generat