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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 Vic (MAX) and Vit (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 Vi. (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, I/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

@ INPUT OF SIGNAL DURING POWER OFF STATE
Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.

User’s Manual U17830EE1VOUMO0




The information in this document is current as of November, 2005. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets or data books, etc., for the most up-to-date specifications of NEC Electronics products. Not
all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

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

NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual

property rights of third parties by or arising from the use of NEC Electronics products listed in this document

or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

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

purposes in semiconductor product operation and application examples. The incorporation of these

circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC

Electronics products, customers must incorporate sufficient safety measures in their design, such as

redundancy, fire-containment and anti-failure features.

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

"Specific".
The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

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

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

M8E 02.11-1
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
Electronics product in your application, please contact the NEC Electronics office in your country to
obtain a list of authorized representatives and distributors. They will verify:

- Device availability

« Ordering information

Product release schedule

Availability of related technical literature

Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary
from country to country.

[GLOBAL SUPPORT]
http://www.necel.com/en/support/support.html

NEC Electronics Hong Kong Ltd.
Hong Kong
Tel: 2886-9318

NEC Electronics (Europe) GmbH
Duesseldorf, Germany
Tel: 0211-65030

NEC Electronics America, Inc. (U.S.)
Santa Clara, California
Tel: 408-588-6000

800-366-9782

« Sucursal en Espafia
Madrid, Spain
Tel: 091-504 27 87

« Succursale Francgaise
Vélizy-Villacoublay, France
Tel: 01-30-67 5800

- Filiale Italiana
Milano, Italy
Tel: 02-66 7541

e Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-24458 45

» Tyskland Filial
Taeby, Sweden
Tel: 08-63 80 820

» United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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Seoul Branch

Seoul, Korea

Tel: 02-558-3737

NEC Electronics Shanghai Ltd.
Shanghai, P.R. China
Tel: 021-5888-5400

NEC Electronics Taiwan Ltd.
Taipei, Taiwan
Tel: 02-2719-2377

NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
Tel: 6253-8311
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PREFACE

Readers For the whole document it shall be agreed that V850ES/Fx2 stands for V850ES/FE2,
V850ES/FF2, V850ES/FG2 and V850ES/FJ2.
This manual is intended for users who wish to understand the functions of the
V850ES/Fx2 and design application systems using these products.
The target products are as follows.

Purpose This manual is intended to give users an understanding of the hardware functions of the
V850ES/Fx2 shown in the Organization below.

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

Hardware Architecture
e Pin functions e Data types
e CPU function o Reqgister set
e On-chip peripheral functions ¢ Instruction format and instruction set
¢ Flash memory programming ¢ Interrupts and exceptions

¢ Pipeline operation

How to Read This Manual 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 details of an instruction function
— Refer to the V850ES Architecture User’'s Manual.

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.

\

Regarding the pin functions and Internal peripheral functions of products, please
read and change the products as follows.

- L PD703230 — p PD703230(A), 1 PD703230(A1), u PD703230(A2)

- L PD70F3231 — p PD70(F)3231(A), 1 PD70(F)3231(A1), 1 PD70(F)3231(A2)
- L PD70F3232 — p PD70(F)3232(A), 1 PD70(F)3232(A1), 1 PD70(F)3232(A2)
- L PD70F3233 — p PD70(F)3233(A), 1 PD70(F)3233(A1), 1 PD70(F)3233(A2)
- L PD70F3234 — p PD70(F)3234(A), 1 PD70(F)3235(A1), 1 PD70(F)3234(A2)
- L PD70F3235 — p PD70(F)3235(A), 1 PD70(F)3235(A1), i PD70(F)3235(A2)
- L PD70F3236 — p PD70F3236(A), L PD70F3236(A1), 1 PD70F3236(A2)

- L PD70F3237 — p PD70F3237(A), 1 PD70F3237(Al), u PD70F3237(A2)

- L PD70F3238 — p PD70F3238(A), 1 PD70F3238(Al), 1 PD70F3238(A2)

- L PD70F3239 — p PD70F3239(A), 1 PD70F3239(A1), 1 PD70F3239(A2)

N R R A

To understand the overall functions of the VB50ES/Fx2
— Read this manual according to the CONTENTS. The mark * shows major revised
points.
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Conventions

Related Documents

Data significance: Higher digits on the left and lower digits on the right
Active low representation: Xxx (over score over pin or signal name)
Memory map address: Higher addresses on the top and lower addresses on the bottom

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numeric representation:  Binary ..o XXXX OF XXXXB

Decimal cee XXXX

Hexadecimal oo XXXXH

Prefix indicating power of 2 (address space, memory capacity):
K (kilo): 2" =1,024
M (mega): 2% = 1,024
G (giga): 2% =1,024°

The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

Documents related to VB850ES/Fx2 and sub series (V850ES/FE2, V850ES/FF2,
V850ES/FG2 and V850ES/FJ2)

Document Name Document No.
V850ES Architecture User’'s Manual U15943E
V850ES/Fx2 Hardware User’'s Manual U17830EE1VOUMO0O
V850ES/FE2 Data Sheet U17834EE1V0ODS00
VB50ES/FG2 Data Sheet U17832EE1V0ODS00
V850ES/FF2 Data Sheet U17833EE1V0ODS00
VB850ES/FJ2 Data Sheet U17831EE1VODS00
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Documents related to development tools (user’s manuals)

Document Name

Document No.

IE-VB50ES-G1 (In-Circuit Emulator) U16313E
IE-703239-G1-EM1 (In-Circuit Emulator Option Board) SUD-FT-04-0105
CA850 Ver. 2.70 C Compiler Package Operation U16053E
C Language U16054E
PM plus U16055E
Assembly Language U16042E
ID850 Ver. 2.51 Integrated Debugger Operation U16217E
RX850 Ver. 3.13 or Later Real-Time OS Fundamental U13430E
Installation U13410E
Technical U13431E
RX850 Pro Ver. 3.15 Real-Time OS Fundamental U13773E
Installation U13774E
Technical U13772E
RD850 Ver. 3.01 Task Debugger U13737E
RD850 Pro Ver. 3.01 Task Debugger U13916E
AZ850 Ver. 3.2 System Performance Analyzer U14410E
PG-FP4 Flash Memory Programmer U15260E
IE-V850E1-CD-NW(N-wire) U16647E

QB-V850ESFx2(IECUBE)

ZUD-BD-04-0085

SM plus Ver1.00 System Simulation

U16906J
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CHAPTER 1 INTRODUCTION

The V850ES/FE2, V850ES/FF2, V850ES/FG2, VB50ES/FJ2 are products of NEC Electronics’ V850 Series of
single-chip microcontrollers for real-time control.

1.1 General

The V850ES/FE2, VB50ES/FF2, VB50ES/FG2, VB50ES/FJ2 are 32-bit single-chip microcontroller that include the
V850ES CPU core and integrate peripheral functions such as timers/counters, serial interfaces, and an A/D converter.
These microcontrollers also incorporate a CAN (Controller Area Network) as an automotive LAN.

In addition to highly real-time responsive, 1-clock-pitch basic instructions, this microcontroller have instructions
ideal for digital servo applications, such as multiplication instructions using a hardware multiplier, sum-of-products
operation instructions, and bit manipulation instructions. This microcontroller can also realize a real-time control
system that is highly cost effective and can be used in automotive instrumentation fields.

VB850ES/FE2, V850ES/FF2, VB50ES/FG2, are models of the V850ES/FJ2 with reduced /O, timer/counter, and

serial interface functions (See 1.2 Product Development of V850ES/FE2, V850ES/FF2, V850ES/FG2, and
V850ES/FJ2 and Table 1-1. Functional Outline of VB50ES/FE2, V850ES/FF2, VB50ES/FG2, and V850ES/FJ2).
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CHAPTER 1 INTRODUCTION

* 1.2 Product Development of V850ES/FE2, V850ES/FF2, V850ES/FG2, and V850ES/FJ2

V850ES/FJ2 | 144-pin plastic LQFP (fine pitch) (20 X 20)

!

©PD70F3239 Flash memory: 512 KB, RAM: 20 KB

HuPD70F3238 Flash memory: 376 KB, RAM: 20 KB

uPD70F3237 Flash memory: 256 KB, RAM: 12 KB

!

V850ES/FG2| 100-pin plastic LQFP (fine pitch) (14 X 14)

uPD70F3236 Flash memory: 384 KB, RAM: 16 KB
HuPD70F3235 Flash memory: 256 KB, RAM: 12 KB
uPD703235 Mask ROM: 256 KB, RAM: 12 KB

uPD70F3234 Flash memory: 128 KB, RAM: 6 KB

uPD703234 Mask ROM: 128 KB, RAM: 6 KB

V850ES/FF2 | 80-pin plastic TQFP (fine pitch) (12 X 12)

!

uPD70F3233 Flash memory: 256 KB, RAM: 12 KB
uPD703233 Mask ROM: 256 KB, RAM: 12 KB

HPD70F3232 Flash memory: 128 KB, RAM: 12 KB

il

uPD703232 Mask ROM: 128 KB, RAM: 6 KB

VB50ES/FE2| 64-pin plastic LQFP (fine pitch) (10 X 10)

!

uPD70F3231 Flash memory: 128 KB, RAM: 6 KB

uPD703231 Mask ROM: 128 KB, RAM: 6 KB

uPD703230 Mask ROM: 64 KB, RAM: 4 KB
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1.3 Features

O Number of instructions: 83
O Minimum instruction execution time: 50 ns (main clock (fxx) = 20 MHz)
O General-purpose registers: 32 bits x 32
O Power-on clear function
O Low-voltage detection function
O Ring-OSC: 200 kHz (TYP)
O Internal memory RAM: 4/6/8/12/16/20 KB (see Table 1-1)
Flash memory: 64/128/256/376/384/512KB (see Table 1-1)
O Interrupts/exceptions
Non-maskable interrupts (see Table 1-1)
Maskable interrupts (see Table 1-1)
Software exceptions : 2 sources
Exception trap : 1 sources
O /0 lines I/O ports: 128
O Timer/counters
16-bit interval timer M (TMM): 1 ch
16-bit timer/event counter P (TMP): 4 ch
16-bit timer/event counter Q (TMQ): 1 to 3 ch (see Table 1-1)
O Watch timer: 1 ch
O Watchdog timer 2: 1 ch
O Serial interface (SIO)
Asynchronous serial interface A (UART): 2 to 4 (see Table 1-1)
3-wire variable-length serial interface B (CSIB): 2 to 3ch (see Table 1-1)

O CAN controller: 1to 4 ch (see Table 1-1)
O AID converter 10-bit resolution: 10 to 24 ch (see Table 1-1)
O Clock generator Main clock/subclock operation

CPU clock in seven steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)
Clock-through mode/PLL mode selectable
Internal oscillator: 200 kHz (TYP.)
O Power save function HALT/IDLE1/IDLE2/software STOP/subclock/sub-IDLE modes
O Package 64-pin plastic LQFP (fine pitch) (10 x 10)
80-pin plastic TQFP (fine pitch) (12 x 12)
100-pin plastic LQFP (fine pitch) (14 x 14)
144-pin plastic LQFP (fine pitch) (20 x 20)

User’s Manual U17830EE1VOUMO0

21



CHAPTER 1

INTRODUCTION

Table 1-1. Functional Outline of V850ES/FE2, V850ES/FF2, VB50ES/FG2, and V850ES/FJ2

Series name V850ES/FE2 V850ES/FF2 V850ES/FG2 V850ES/FJ2
Part number JuPD70(F)3230{4PD70(F)3231 4PD703232 | 1PDT0F3232 uPD70(F)3233] 1PDT0(F)3234 | uPD70(F)3235 |uPD70(F)3236) «PDT0F)237 | 4PD70(3238 PDT0F3239
Internal Flash (bytes) 64K 128 128 256 128K 256K [ 384K | 256K | 376K 512K
memory K K K
Mask ROM 64K | 128K [128K 256K | 128K 256K - - - -
(bytes)
RAM (bytes) 4K 6K 6K 12K | 12K 6K 12K 16K 12K 20K 20K
DMA None None Provided Provided
Operating | Main 20 MHz 20 MHz max. 20 MHz max. 20 MHz max.
clock (internal) max.
Ring-OSC 200 kHz typ. 200 kHz typ. 200 kHz typ. 200 kHz typ.
Subclock RC or crystal RC or crystal RC or crystal RC or crystal
1/0 ports 51 67 84 128
A/D converter 10 bits x 10 10 bits x 12 ch 10 bits x 16 ch 10 bits x 24 ch
ch
Timers T™™Q 1lch lch 2ch 3ch
TMP 4ch 4ch 4 ch 4ch
TMM lch lch 1ch 1ch
WDT2 lch 1ch 1ch lch
Watch 1ch 1ch 1ch 1ch
Serial Csl 2ch 2ch 2ch 3ch
interfaces
UART 2ch 2ch 3ch 3ch 4ch
CAN lch 1ch 2ch 2ch 4 ch
Interrupts | External 8 ch 8ch 11 ch 15ch
Internal 35ch 35ch 50 ch 57 ch 67 ch
NMI lch 1ch 1ch lch
Other Key return 8 ch 8ch 8ch 8 ch
functions input
Clock monitor Provided Provided Provided Provided
function
POC/LVI Provided Provided Provided Provided
function
Clock output Provided Provided Provided Provided
function
PCL output Provided Provided Provided Provided
function
On-chip Provided Provided Provided Provided
debug (Note) (Note) (Note) (Note)
function
External memory interface None None None Provided
Operating voltage 35Vto55 35Vto55V 35Vto55V 35Vto55V
\Y
Package 64-pin LQFP 80-pin TQFP 100-pin LQFP 144-pin LQFP
Note On Flash version only (UPD70F323x)
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1.4 Ordering Information

o V850ES/FJ2

Part Number Note Package On-Chip Flash| CAN Buffer Quality Grade Remark
Memory

1 PD70F3237M1GJ(A)-UEN 144-pin plastic 256 KB 32 buffer/ch | Special Without power-on clear
4 PD70F3237M1GJ(AL)-UEN | LQFP function
4 PD70F3237M1GJ(A2)-UEN | (fine pitch)
4 PD70F3237M2GJ(A)-UEN | (20 % 20) With  power-on clear
4 PD70F3237M2GJ(A1)-UEN function
4 PD70F3237M2GJ(A2)-UEN
1 PD70F3238M1GJ(A)-UEN 376 KB Without power-on clear
4 PD70F3238M1GJ(AL1)-UEN function
1 PD70F3238M1GJ(A2)-UEN
1 PD70F3238M2GJ(A)-UEN With  power-on clear
1 PD70F3238M2GJ(A1)-UEN function
1 PD70F3238M2GJ(A2)-UEN
1 PD70F3239M1GJ(A)-UEN 512 KB Without power-on clear
4 PD70F3239M1GJ(A1)-UEN function
4 PD70F3239M1GJ(A2)-UEN
1 PD70F3239M2GJ(A)-UEN With  power-on clear
1 PD70F3239M2GJ(A1)-UEN function
1 PD70F3239M2GJ(A2)-UEN

Note: The operating ambient temperature of each quality grades is as follows.
(A) : —401to +85°C, (Al): —40to +110°C, (A2): —40to +125C

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and its
recommended applications.
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o VB850ES/FG2

Part Number Package Internal Memory | Number of CAN Quality Remark
Buffers Grade

1 PD703234GC(A)-xxx-8EA | 100-pin plastic LQFP | 128 KB 32 buffers/ch | Special™* -
1 PD703234GC(A1)-xxx-8EA | (fine pitch) (14 x 14) | (Mask ROM)
1 PD703234GC(A2)-xxx-8EA
11 PD703235GC(A)-xxx-8EA 256 KB
1 PD703235GC(A1)-xxx-8EA (Mask ROM)
11 PD703235GC(A2)-xxX-8EA
1 PD70F3234M1GC(A)-8EA 128 KB Without power-on clear function

4 PD70F3234M1GC(A1)-8EA

4 PD70F3234M1GC(A2)-8EA

1 PD70F3234M2GC(A)-8EA

1 PD70F3234M2GC(A1)-8EA

1 PD70F3234M2GC(A2)-8EA

1 PD70F3235M1GC(A)-8EA

4 PD70F3235M1GC(AL)-8EA

4 PD70F3235M1GC(A2)-8EA

1 PD70F3235M2GC(A)-8EA

4 PD70F3235M2GC(AL)-8EA

1 PD70F3235M2GC(A2)-8EA

4 PD70F3236M1GC(A)-8EA

1 PD70F3236M1GC(AL)-8EA

4 PD70F3236M1GC(A2)-8EA

1 PD70F3236M2GC(A)-8EA

1 PD70F3236M2GC(A1)-8EA

1 PD70F3236M2GC(A2)-8EA

(Flash Memory)

256 KB
(Flash Memory)

384 KB
(Flash Memory)

With power-on clear function

Without power-on clear function

With power-on clear function

Without power-on clear function

With power-on clear function

Note: The operating ambient temperature of each quality grades is as follows.
(A) : —401to +85°C, (Al): —40to +110°C, (A2): —40to +125C
Remark xxx is ROM code number.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by

NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.

24

User’s Manual U17830EE1VOUMO00

its




CHAPTER 1

INTRODUCTION

o VB850ES/FF2

Part Number Package Internal Memory | Number of CAN Quality Remark
Buffers Grade

1 PD703232GK(A)-xxx-9EU | 80-pin plastic TQFP | 128 KB 32 buffers/ch | Special™® -
1 PD703232GK(A1)-xxx-9EU | (fine pitch) (12 x 12) | (Mask ROM)
1 PD703232GK(A2)-xxx-9EU
1 PD703233GK(A)-xxx-9EU 256 KB
1 PD703233GK(A1)-xxx-9EU (Mask ROM)
1 PD703233GK(A2)-xxx-9EU
1 PD70F3232M1GK(A)-9EU 128 KB Without power-on clear function

4 PD70F3232M1GK(A1)-9EU

1 PD70F3232M1GK(A2)-9EU

4 PD70F3232M2GK(A)-9EU

1 PD70F3232M2GK(A1)-9EU

1 PD70F3232M2GK(A2)-9EU

4 PD70F3233M1GK(A)-9EU

1 PD70F3233M1GK(A1)-9EU

1 PD70F3233M1GK(A2)-9EU

1 PD70F3233M2GK(A)-9EU

1 PD70F3233M2GK(A1)-9EU

1 PD70F3233M2GK(A2)-9EU

(Flash Memory)

256 KB
(Flash Memory)

With power-on clear function

Without power-on clear function

With power-on clear function

Note: The operating ambient temperature of each quality grades is as follows.
(A) : —40to +85°C, (Al): —40to +110°C, (A2): —40to +125C
Remark xxx is ROM code number.

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

recommended applications.
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o VV850ES/FE2

Part Number Package Internal Memory | Number of CAN Quality Remark
Buffers Grade

1 PD703230GB(A)-xxx-8EA | 64-pin plastic LQFP | 4 KB 32 buffers/ch | Special™* -
1 PD703230GB(AL)-xxx-8EA | (fine pitch) (10 x 10) | (Mask ROM)
1 PD703230GB(A2)-xxx-8EA
11 PD703231GB(A)-xxx-8EA 128KB
1 PD703231GB(AL)-xxx-8EA (Mask ROM)
11 PD703231GB(A2)-xxx-8EA
1 PD70F3231M1GB(A)-8EA 128 KB Without power-on clear function

4 PD70F3231M1GB(A1)-8EA

4 PD70F3231M1GB(A2)-8EA

4 PD70F3231M2GB(A)-8EA

1 PD70F3231M2GB(A1)-8EA

1 PD70F3231M2GB(A2)-8EA

(Flash Memory)

With power-on clear function

Note: The operating ambient temperature of each quality grades is as follows.
(A) : —401to +85°C, (Al): —40to +110°C, (A2): —40to +125C
Remark xxx is ROM code number.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by

NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.

1.5 Applications

its

Automotive body electrical systems (CAN controller equipped general-purpose products)
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1.6 Pin Configuration (Top View)

¢ V850ES/FJ2 (uPD70F3237)
144-pin plastic LQFP (fine pitch) (20 x 20)

-
[a)
3
Y8858 5080ex oF «
OQOdNMIMOrRVNZZZZ> - ¢-d~]alalalala)
Z22zz2zzzzzZ2<<<II<Z <IIBIoNaoIIILLL
LLLLIIILLILSSID T ProTt TN i i D B e L I T L
NSNS RR B otalalalalalalalalalala)
oooQooQoQoQOQAOQQQNQQO oooQoQoQoQQOQAQQAQNOQQO
TTTTTTTTTTTTTTT OOOOTTTTTTTTTTO
TONTHODDONOUOTMANHO OO MANHOD
AR RS RS R R B b b b =
AVRero O— 1 108 =—O PDL3/AD3
AVss O— 2 107 |[+—=O PDL2/AD2
p1o/NTPS O=—=l3 O «—=O PDL1/AD1
P11/INTP10 O=—>{4 «—=O PDLO/ADO
EVoo O—5 —O BVbp
POO/TIP31/TOP31 O=—=16 ——O BVss
POL/TIP30/TOP30 O=—=|7 «—=O PCT7
FLMDO O——8 «—=O PCT6/ASTB
Voo O——9 «—=OPCT5 __
REGC O—10 ~—=O PCT4/RD
Vss O—11 «—=O PCT3
X1 O—={12 «—=O PCT2
X2 O—13 «—O PCT1/WR1
RESET O—{14 «—O PCTO/WRO
XT1 O—={15 «—O PCS7
XT2 O— 16 «—O PCS6
PO2/NMI O=—={17 «—=O PCS5
PO3/INTPO/ADTRG O~—={18 «—=O PCS4
PO4/INTP1 O=—=]19 «—»=0 PCM5
PO5/INTP2/DRST O~—=]20 <=0 PCM4
PO6/INTP3 O=—n]21 «—=0O PCM3/HLDRQ
P40/SIBO O=—»] 22 «—=0O PCM2/HLDAK
P41/SOB0 O=—={23 «—=0O PCM1/CLKOUT
P42/SCKBO O~=—»|24 «—=0O PCMO/WAIT
P30/TXDAQ O=—=| 25 «—=O PCS3/CS3
P31/RXDAO/INTP7 O=—126 «—=O PCS2/CS2
P32/ASCKAQ/TIPOO/TOP00/TOPO1 O=—>] 27 «—=O PCS1/CS1
P33/TIP01/TOP01/CTXD0 O~—={28 «—=O PCS0/CS0
P34/TIP10/TOP10/CRXD0 O~=—={ 29 «—O PCD3
P35/TIP11/TOP11 O=—=130 «—O PCD2
P36/CTXD1 O=—={31 «—O PCD1
P37/CRXD1 O=—={32 «—O PCDO
EVss O—133 «—O P915/INTP6
EVopo O—34 «—=O P914/INTP5
P38/TXDA2 O~—={35 «—=O P913/INTP4/PCL
P39/RXDA2/INTP8 O~—»136 «—»O P912/SCKB2
NONOANMNIUONODOHANMNINONDDOHNMINONDDNO N
OO TITITTITTITLOLOLOLOOOOINOOINOOOOOOOOWOONNN
iiooooooiiiioooolllliiiiiiiiiiiillii
HNaomeNmm?mwl\meHN(’)#LD#\—IHHHNMOHOHHNN
O00RAFL0A00000000000000 00000 A0X 50
00msSsSEEE 0000822E XXO000000URN
EESSFPEZZ EEEE £ EXEEEEEESNSS
283855555 SN 8 BRONASSR3RE
OOt P wnan 0000 a4 ¥yoooofiaa
EE8s0a EEEE SoEEEEEE
S3po SAA® ggmm¢mga
re=9o A ool
Y¥EF ©OO© aaoaaly
S3Qk aonoan =
reie]a 4] o
aaxy a
aN=
LR
D'D.
Notes 1 IC: Connect to VSS directly (mask ROM products only )

FLMDO: Connect to VSS in the normal operation mode. (Flash memory versions only)

FLMDZ1: Flash memory versions only

Notes 2 REGC can be connect to VSS via capacitor of 4.7ufF
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CHAPTER 1 INTRODUCTION

e VB50ES/FJ2 (PD70F3238, 1/PD70F3239)
144-pin plastic LQFP (fine pitch) (20 x 20)
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Notes 1

IC: Connect to VSS directly

FLMDO: Connect to VSS in the normal operation mode. (Flash memory versions only)

FLMD1: Flash memory versions only

Notes 2
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REGC can be connect to VSS via capacitor of 4.7uF
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CHAPTER 1 INTRODUCTION

e VB50ES/FG2 (¢/PD70F3234,,PD70F3235,PD70F3236)
100-pin plastic LQFP (fine pitch) (14 x 14)
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Notes 1 IC: Connect to VSS directly

FLMDO: Connect to VSS in the normal operation mode. (Flash memory versions only)

FLMD1: Flash memory versions only
REGC can be connect to VSS via capacitor of 4.7uF
Pins in brackets are valid only in # PD70F3234, 70F3235, 70F3236

Notes 2
Remark
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CHAPTER 1 INTRODUCTION

e VB50ES/FF2 (1/PD70F3232,,/PD70F3233)
80-pin plastic TQFP (fine pitch) (12 x 12)
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Notes 1 IC: Connect to VSS directly
FLMDO: Connect to VSS in the normal operation mode. (Flash memory versions only)
FLMDZ1: Flash memory versions only

Notes 2 REGC can be connect to VSS via capacitor of 4.7uF

Remark Pins in brackets are only valid for z PD70F3232, 2 70F3233
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CHAPTER 1

INTRODUCTION

e V850ES/FE2 (4PD703230, PD70F3231)

64-pin plastic LQFP (fine pitch) (10 x 10)

Notel
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RESETO——+ 9 40 =—OP98/SOB1
XT1O—— 10 39 —OP97/SIB1/TIP20/TOP20
XT20O0— 11 38 ——OP96/TIP21/TOP21
POO/TIP31/TOP31 O=~— 12 37 —OP91/KR7/RXDA1
PO1/TIP30/TOP30 O~— 13 36 ~—OP90/KR6/TXDA1
PO2/NMI O~——| 14 35 |~—~OP55/KR5/[DMS]
PO3/INTPO/ADTRG O=~— 15 34 [~——OP54/KR4/[DCK]
P0O4/INTP1 O~— 16 33—COEVop
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

PO5/INTP2/[DRST

)

VoL LLLLLLLLLL

PO6/INTP3

P40/SI1BO
P41/SOBO

P42/SCKBO

P30/TXDAO
P31/RXDAO/INTP7

P32/ASCKAO/TIPOO/TOP0O0/TOPO1

P33/TIP0O1/TOP01/CTXDO0O
P34/TIP10/TOP10/CRXDO

P35/TIP11/TOP11
P50/KRO/TIQ01/TOQO1
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P52/KR2/TIQ03/TOQO3/[DDI
P53/KR3/TIQ00/TOQO0/[DDO

—

0

EVs

Note 1

IC: Connect to VSS directly

FLMDO: Connect to VSS in the normal operation mode. (Flash memory versions only)

FLMD1: Flash memory versions only

Note 2
Remark

REGC can be connect to VSS via capacitor of 4.7uF
Pins in brackets are only valid for 4 PD70F3231
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CHAPTER 1 INTRODUCTION

Pin identification

ADO to AD15:
ADTRG:

ANIO to ANI23:
ASCKAQO:

ASTB:

AVREF0:

AVss:

BVob:

BVss:

CLKOUT:
CRXDO0 to CRXD3:
CS0 to CS3:
CTXDO to CTXD3:
DCK:

DDI:

DDO:

DMS:

DRST:

EVob:

EVss:

FLMDO, FLMD1:
HLDAK:

Address/data bus

A/D trigger input

Analog input
Asynchronous serial clock
Address strobe

Analog reference voltage
Analog Vss

Power supply for bus interface
Ground for bus interface
Clock output

CAN receive data

Chip select

CAN transmit data

Debug clock

Debug data input

Debug data output
Debug mode select
Debug reset

Power supply for port
Ground for port

Flash programming mode
Hold acknowledge

P120 to P127:
PCDO to PCD3:
PCL:

PCMO to PCM5:
PCSO0 to PCST:
PCTOto PCT7:
PDLO to PDL15:
RD:

REGC:

RESET:

RXDAO to RXDAS:
SCKBO to SCKB2:

SIBO to SIB2:
SOBO to SOB2:
TIPOO, TIPO1,
TIP10, TIP11,
TIP20, TIP21,
TIP30, TIP31,
TIQOO to TIQO3,
TIQ10 to TIQ13,
TIQ20 to TIQ23:
TOP00, TOPO1,

Port 12
Port CD

Programmable clock output

Port CM

Port CS

Port CT

Port DL
Read strobe
Regulator control
Reset
Receive data
Serial clock
Serial input
Serial output
Timer input
Timer input
Timer input
Timer input
Timer input
Timer input
Timer input
Timer output

m: Hold request TOP10, TOP11, Timer output

INTPO to INTP14: Interrupt request from peripherals TOP20, TOP21, Timer output

KRO to KR7: Key return TOP30, TOP31, Timer output

NMI: Non-maskable interrupt request TOQO1 to TOQO03, Timer output

P00 to PO6: Port O TOQ11 to TOQ13, Timer output

P10, P11: Port 1 TOQ20 to TOQ23: Timer output

P30 to P39: Port 3 TXDAO to TXDA3:  Transmit data

P40 to P42: Port 4 Vob: Power supply

P50 to P55: Port 5 Vss: Ground

P60 to P615: Port 6 WAIT: Wait

P70 to P715: Port 7 WRO: Write strobe low level data

P80, P81: Port 8 WR1: Write strobe high level data

P90 to P915: Port 9 X1, X2: Crystal for main clock
XT1, XT2: Crystal for subclock
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CHAPTER 1 INTRODUCTION

1.7 Function Block Configuration

1.7.1 Internal block diagram

o V850ES/FJ2 (uPD70F3237)

NMI ) Flash memory CPU
INTC K= _ .
INTPO to INTP14 T Instruction| -1 CS0to CS3
256 KB 7 PC queue |k K> ADO to AD15
TIQOO to TIQ20 _
TI801 to T|821 32_—bit barrel — Multiplier ~1— HLDRQ
TIQO2 to TIQ22 RAM shifter 16016 32 MEMC [~ HLDAK
TIQO3 to TIQ23 16-bit timer/ 1~ ASTB
TOQOO to TOQ20 Cou?? tehr o System Bey 1™ WA
0 c N ; «1— WAIT
TOQ01 to TOO21 12KB [ L_registers — L e T
TOO02 to TOO22 ool — 0,
TOQO03 to TOQ23 purpose registers
32 bits 132
TIPOO to TIP30 — t
TIPOL to TIP3L | 16-bit timer/ [ omac [<=> {
counter P:
TOP00to TOP30 <——  4c¢ch @
TOPO1 to TOP31 <
16-bit @ @
interval
timer M: [ | Ports — pCL
1ch —~ CcLKOUT
H@HHHHHH@HHHHHH CG XT1
SOBO'[OSOB2<:CS 3ch Bgtﬂggﬁgﬂﬂggggg —— XT2
SIBO to SIB2 ——>| CSIB: 3ch K=
oZodoan~oanaonaa X1
SCKBO to SCKB2 <— EfroRadaaggogss PLL o
208 099939900030
T o*"oc00locomsmio
@%5889'48 g o | RG |-— RESET
TXDAO to TXDA2 <] g9aQf"
RXDAO to RXDA2 T——>{UARTA: 3 chK—>
ASCKAQ —=| FLMDO
—— FLMD1
— BVop
CTXDO, CTXD1 <—] )
CRXDO, CRXD1 C—> CAN: 2ch K= BVss
— EVop
— EVss
ANIOtO ANI2Z3 T | | | e e
AVss A/D E . Vop
AVrero —=| converter ' DRST Regulator [ Vss
ADTRG —= s DMS E REGC
: DDO !
Key return ' DCK
KRO to KR7 T—> function 5 ool | CLM
Watchdog  |«— On chip debug :
timer 2 POC
Watch timer |K—>
LVINOte
Note: only POC version
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CHAPTER 1

INTRODUCTION

e V850ES/FJ2 (uPD70F3238PD70F3239)

Y

NMI Flash memory CPU
INTC K - .
INTPO to INTP14 —>| '”5"“0“0” >l CSO0to CS3
Note 1 PC queve [k K—~> ADO to AD15
TIQOO to TIQ20 - - Y
TIQO1 to TIQ21 32-bit barrel :>Mult|pller ~1t— HLDRQ
TIQO02 to TIQ22 RAM shifter 16 016 32 MEMC [—= HLDAK
TIQO3 to TIQ23 16-bit timer/ 1~ ASTB
T0Q00 to TOO20 counter Q:  [K—=] System BCU — RD
to 3ch H ~1— WAIT
TOQO1 10 TOQ21 | 20KB |<:{|  registers - M L
TOQO2 to TOQ22 General- || '
TOQO03 to TOQ23 purpose registers
32 bits 032
TIPOO to TIP30 o
TIPO1 to TIP31 | 16-bit timer/ DMAC |<~) £
counter P:
TOPOOto TOP30 <—— 4ch @
TOPO1 to TOP31 T
16-bit @ @
interval
timer M: — | Ports | — PCL
- HHHHH@HHHHHHHH@ .
cG XT1
SOBO to SOB2  <—] o o —— XT2
SIBOto SIB2  ——>{CSIB:3¢ch K= Horoanadnneygds 4 xa
SCKBO to SCKB2  <—> 0goFAogoEreaaaa PLLIT w5
aadfattat>o909ge
9990‘9990‘998000‘0
3225988 R3LdT = | RG |-— RrESET
TXDAO to TXDA3 <] 03vVRoa > oe
RXDAO to RXDA3 T—>PARTA: 4 ch K= ogfga
ASCKAQ — —— FLMDO
~— FLMD1
— BVop
CTXDOto CTXD3 <—]
AN: 4ch K/ E—
CRXDO to CRXD3  C—| CAN:4¢ BVss
— EVoo
— EVss
ANIOtO ANI23 T | | | e v
AVss A/ID _— . pD
AVRrero —=| converter DRST : Regulator Vss
ADTRG — | DMS i | RreGC
DDO
Key return DCK !
KRO to KR7 -Q oI ; CLM
Watchdog On chip debug !
e |

Notes: 1
2.

34

376 KB/512 KB (Flash memory see Table1-1)
POC version
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CHAPTER 1

INTRODUCTION

e V850ES/FG2 (uPD70F3234, 4PD70F3235, uPD70F3236)

NMI — = Sl
INTPO to INTP10 > NTe J; Instruction
ucti
to Note 1 K= PC queue
TIQOO to TIQ10
TI801 to T|811 32-bit barrel || [Multiplier
TIQO2 to TIQ12 RAM shifter 16 16 32
TIQO03 to TIQ13 16-bit timer/
counter Q: [K—] System BCU
TOQOO to TOQ10 2¢ch Note 2 K= registers
TOQO1 t0 TOQ1L ] —>
TOQO02 to TOQ12 General-
TOQO3 to TOQ13 purpose register
32 bits (132
TIP0O to TIP30 ) ?
TIPO1 to TIP31 | 16-bit timer/ DMAC {
counter P:  [K—
TOP00 to TOP30 <——  4ch @
TOPO1 to TOP31 <
16-bit @ @
interval
timer M: — | Ports | — PCL
1ch
—= CLKOUT
HH@@@@@@@@@ cG XT1
SOBO0, SOB1 <—] o - —— XT2
SIBO, SIB1 ———>| CSIB: 2ch [ 020323 BYBE3S X1
SCKBO, SCKB1 <> ftopopfrrease PLL X2
ceaftteeesSe
N2<5255893%8 _
g£ehbogEadas & | Re [~ ResET
TXDAO to TXDA2 <—] 5&a
RXDAO to RXDA2 T—>]UARTA: 3ch K— a-a
ASCKAQ ——= o —— FLMDO
) ~— FLMD1
'_
CTXDO, CTXD1 <—] 2 BVeo
CRXDO, CRXDL | CAN: 2ch K= —— BVss
— EVoo
— EVss
ANIOto ANIZS =X | | | e . v
AVss A/D - H - Db
AVrero —| converter ! RCU DRST : Regulator [ Vss
ADTRG — : DMS E L REGC
RSU DDO
KRO to KR7 > Kfey rewm - je— : DCK CLM
unction H ROMC DDI :
Watchdo : i :
timer 2 ? e, O nchlpdebug pOC Note 3
Watch ti
atch timer [K—> LVI
S

Notes: 1 128/256/384KB (Flash memory see Table1-1)
128/256KB (Mask ROM see Table1-1)
2 6/12/16KB (see Table1-1)
3 POC version only
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e V850ES/FF2 (uPD70F3232, 4PD70F3233)
~")

" ROM CPU
INTPO to INTP7 T—> INTC :m
0 ucti
Note 1 K= > PC queue
TIQO00 —
TI801 — 32_—bit barrel ) Multiplier
TIQ02 RAM shifter 16 16 32
TIQO03 16-bit timer/
10000 couFtehr Q: K= System BCU
C | ] i
10301 Note 2 K= registers )
TOQO02 General-
TOQO3 purpose registers
32 bits 032
TIP0O to TIP30 1
TIPOL to TIP31 | 16-bit timer/ f
counter P:  K—4
TOPOO to TOP30 <— 4 ch @
TOPO1 to TOP31 T
16-bit @ @
interval
timer M: — | Ports | -~ pCL
- @HHUHHH@@@ |
cG XT1
SOBO, SOB1 <— aoe —— XT2
SIBO, SIB1 T CSIB:2ch K—=> 3269 ,98%28 X1
SCKBO, SCKB1 <— LolmadfraadPa PLL
SexER%esle X2
0OL0VLooR2MS -
ColooREFE RG [«~— RESET
| o n
TXDAO, TXDAL <—] 5F0% o
RXDAO, RXDA1 —>{UARTA: 2ch K~ aQaa P
ASCKAQ —= s 3 =
s 2 9 —— FLMDO
g o o ~— FLMD1
(o]
b — EVoo
CTXD0O <—} . =
CRXDO C— CAN: 1ch K=—> 3 EVss
o
(o]
[a
ANIOtO ANIZL T | | | e v
AVss A/ID —_ ' o —— VoD
AVrero — | converter : RCU DRST Regulator [— Vss
ADTRG — ; DMS | REGC
H RSU bbo E
KRO to KR7 > Kﬁj‘;};ﬁ;’rzn <> 5 DCK- cLM
i | romC ool
Watchdog : On chip debug :
timer 2 pocNote 3
Watch ti
atch timer |K— LVI
A
Notes: 1 128/256 (Flash memory see Tablel-1)

128/256KB (Mask ROM see Tablel-1)
2 6/12KB (see Tablel-1)
3 POC version only
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INTRODUCTION

e V850ES/FE2 (4PD703230, 4PD70F3231)

)

Ml ROM CPU
INTPO to INTP7 ) INTC Instructi
to nstruction
Note 1 K= PC queue
TIQOO —
TI801 —> 32-bit barrel = Multiplier
TIQO2 RAM shifter 16 16 32
TIQO3 16-bit timer/
T0Q00 coulntehr Q: K= System BCU
c Note 2 i
10001 ote2 K= | registers -
TOQO02 General-
TOQO3 purpose register
32 bits 032
TIPOO to TIP30 E
TIPO1 to TIP31 —] 16-bit timer/ {
counter P:  K—>
TOP0O to TOP30 4 ch @
TOPO1 to TOP31 <
16-bit @ @
interval
timer M: [ | Ports | — PCL
- IHHHHHHIH i
ce [ X1
SOBO0, SOB1 <— - —— XT2
SIBO, SIBL ——>{ CSIB:2ch K> 35,8988 X1
SCKBO, SCKB1 <— gfgeaaonn PLL X2
cl@eoggoe
=S 00000
Ponarias | RG |-— RESET
TXDAO, TXDAL <—] 2
RXDAO, RXDA1 T——>UARTA: 2ch K—> f;,
ASCKAQ — S .
2 ~— FLMD1
[{e)
2 — EVoo
CTXD0 <— . iy
CRXDO > CAN:lch [K—=> o EVss
=
o
A
ANIOtO ANIO T | | | e . v
AVss A/D —_ : ' —— Vob
AVRrero —| converter : RCU DRST : Regulator [ Vss
ADTRG — = : DMS : —— REGC
: RSU DDO :
KRO to KR7 c—=>f & T ) 5 Dek CLM
: | romMC bor
Watchdo : i :
timer 2 9 e (? r_]c_rllp_(fet_)l_]g__. pPOCNote 3
Watch timer [K—>] LVI
L~

Notes: 1

128KB (Flash memory see Tablel-1)

64/128KB (Mask ROM see Tablel-1)

4/6KB (see Tablel-1)
POC version only
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Internal units

CPU

The CPU can execute almost all instruction processing, such as address calculation, arithmetic and logic
operations, and data transfer, in one clock under control of a five-stage pipeline.

Dedicated hardware units such as a multiplier (16 bits x 16 bits = 32 bits) and a barrel shifter (32 bits) are
provided to speed up complicated instruction processing.

External memory control unit (MEMC)

This unit starts necessary external bus cycles based on the physical addresses obtained by the CPU. If the
CPU does not request the start of a bus cycle when it fetches an instruction from an external memory area,
this unit generates a prefetch address and prefetches an instruction code. The prefetched instruction code is
sent to an internal instruction queue.

ROM

This is a flash memory of 512/384/376/256/128/64 KB mapped to addresses 0000000H-
007FFFFH/0000000H-005FFFFH/0000000H-005DFFFH/0000000H-003FFFFH/0000000H-
001FFFFH/0000000H-000FFFFH. The CPU can access this memory in one clock when it fetches an
instruction.

RAM

This is a RAM of 20/16/12/6/4 KB mapped to addresses 3FFAO00H-3FFEFFFH/3FFBOO0OH-
3FFEFFFH/3FFC0O00H-3FFEFFFH/3FFD8000H-3FFEFFFH/3FFEOOOH-3FFEFFFH. The CPU can access
this RAM in one clock when it accesses data.

Interrupt controller (INTC)

The interrupt controller processes interrupt requests (NMI and INTPO up to INTP14 refer to Table 1-1) from
the on-chip peripheral hardware and external sources. Eight levels of priorities can be specified for these
interrupt requests, and multiple servicing control can be performed on interrupt sources.

Clock generator (CG)
Two types of oscillators, a main clock (fxx) and a subclock (fxr), are provided. The clock generator generates
seven types of clocks (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, and fxT), of which one is supplied as the operating
clock of the CPU (fcru).

Ring-OSC
A Ring-OSC oscillator is provided. The oscillation frequency is 200 kHz (TYP.). This Ring-OSC oscillator
supplies a clock to watchdog timer 2 and timer M.

Timers/counters
16-bit timer/event counter P (TMP), 16-bit timer/event counter Q (TMQ), and 16-bit interval timer M (TMM) are
provided (refer to Table 1-1).

Watch timer

This timer counts the reference time for watch counting from the subclock or fesre from prescaler 3. At the
same time, it can also be used as an interval timer that operates on the main clock.
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(10) Watchdog timer 2

(11)

(12)

(13)

(14)

(15)

(16)

7

This watchdog timer is used to detect a program loop and system errors.

As the source clock of this timer, Ring-OSC, or main clock can be selected.

When this watchdog timer overflows, it generates a non-maskable interrupt request signal (INTWDT2) or
system reset signal (WDT2RES).

Serial interface (SIO)

The V850ES /FE2, VB50ES/FF2, V850ES/FG2, V850ES/FJ2 have asynchronous serial interface A (UARTA)
and 3-wire variable-length serial interface B (CSIB) as serial interfaces, and up to seven channels can be used
at the same time.

UARTA transfers data by using the TXDAn and RXDAn pins (n = 0 up to 3 refer to Table 1-1).

CSIB transfers data by using the SOBm, SIBm, and SCKBm pins (m = 0 up to 2 refer to Table 1-1).

UARTA has a dedicated baud rate generator.

CAN controller
The CAN controller is a small-scale digital data transmission system that transfers data between units.

A/D converter
This is a high-speed, high-resolution 10-bit A/D converter with up to 24 analog input pins (refer to Table 1-1).
This converter is a successive approximation type.

DMA controller

The V850ES/FG2, VB50ES/FJ2 has a four-channel DMA controller that transfers data between the internal
RAM, on-chip peripheral 1/0, and external memory, in response to interrupt requests from the on-chip
peripheral I/O.

Key interrupt function

A key interrupt request signal (INTKR) can be generated by inputting a falling edge to key input pins of eight
channels.

On-chip debug function (Flash memory product only)

An on-chip debug function (Flash memory product only) that uses the communication specifications of JTAG
(Joint Test Action Group) and that is used via an N-Wire in-circuit emulator is provided. The normal port
function and on-chip debug function are selected by using the input level of a control pin and on-chip debug
mode setting register (OCDM).

Ports

General-purpose port functions and control pin functions are available. For details, refer to CHAPTER 4
PORT FUNCTIONS.
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2.1 Pin Function List

CHAPTER 2 PIN FUNCTIONS

This section explains the names and functions of the pins of the V850ES/FE2, V850ES/FF2, V850ES/FG2,
V850ES/FJ2.

2.1.1 V850ES/FE2

Two 1/O buffer power supplies, AV,

pins is shown below.

40

REFO

and EV,, are available.The relationship between the power supplies and the

Table 2-1. Pin I/O Buffer Power Supplies (V850ES/FE2)

Power Supply

Corresponding Pin

AVREeFo

Port 7

EVop

Port 0, Port 3, Port 4, Port 5, Port 6, Port 8, Port 9, Port CM, Port DL, RESET
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(1) Port pins

Table 2-2. Pin List (Port Pins V850ES/FE2)

Pin Name /10 Function Alternate Function
P00 10 Port 0 TIP31/TOP31
PO1 7-bit 1/0 port TIP30/TOP30
P02 Input/output can be specified in 1-bit units. NMI
PO3 INTPO/ADTRG
P04 INTP1
P05 INTP2/DRST
P06 INTP3
P30 10 Port 3 TXDAO
P31 6-bit 1/0 port RXDAO/INTP7
P32 Input/output can be specified in 1-bit units. ASCKAO/TIPOO/TOP0O0/TOPO1
P33 TIPO1/TOPO1/CTXDO
P34 TIP10/TOP10/CRXDO
P35 TIP11/TOP11
P40 10 Port 4 SIBO
P4l 3-bit 1/O port SOBO
P42 Input/output can be specified in 1-bit units. SCKBO
P50 1/10 Port 5 KRO/TIQ01/TOQ01
P51 6-bit 1/0 port KR1/TIQ02/TOQ02
P52 Input/output can be specified in 1-bit units. KR2/TIQ03/TOQ03/DDI
P53 KR3/TIQ00/TOQ00/DDO
P54 KR4/DCK
P55 KR5/DMS
P70 to P79 110 Port 7 ANIO to ANI9
10-bit I/O port
Input/output can be specified in 1-bit units.
P90 10 Port 9 KR6/TXDAL
P91 9-bit 1/0 port KR7/RXDAL
P96 Input/output can be specified in 1-bit units. TIP21/TOP21
P97 SIB1/TIP20/TOP20
P98 SOB1
P99 SCKB1
P913 INTP4/PCL
P914 INTP5
P915 INTP6
PCMO 110 Port CM .
PCM1 2-bit I/O port CLKOUT
Input/output can be specified in 1-bit units.
PDLO to PDL4 1/10 Port DL -
PDL5 8-bit 1/0 port FLMD1
PDL6, PDL7 Input/output can be specified in 1-bit units. _
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(2) Non-port pins

Table 2-3. Pin List (Non-Port Pins V850ES/FE2) (1/3)

Pin Name /10 Function Alternate Function
NMI Input | External interrupt input P02 "
(non-maskable, with analog noise eliminated)
INTPO Input External interrupt request input PO3/ADTRG
INTP1 (maskable, with analog noise eliminated) P04
INTP2 PO5/DRST
INTP3 P06
INTP4 P913/PCL
INTPS P914
INTP6 P915
INTP7 P31/RXDA0O
TIPOO Input External event/clock input (TMP0O) P32/ASCKAO/TOP0O0O/TOPO1
TIPO1 External event input (TMPO01) P33/TOP01/CTXDO
TIP10 External event/clock input (TMP10) P34/TOP10/CRXDO
TIP11 External event input (TMP11) P35/TOP11
TIP20 External event/clock input (TMP20) P97/SIB1/TOP20
TIP21 External event input (TMP21) P96/TOP21
TIP30 External event/clock input (TMP30) P01/TOP30
TIP31 External event input (TMP31) P0OO/TOP31
TOPOO Output | Timer output (TMP00) P32/ASCKAOQ/TIPOO/TOPO1
TOPO1 Timer output (TMPO1) P32/ASCKAQ/TIPOO/TOP0OO
P33/TIP01/CTXDO
TOP10 Timer output (TMP10) P34/TIP10/CRXDO0O
TOP11 Timer output (TMP11) P35/TIP11
TOP20 Timer output (TMP20) P97/SIB1/TIP20
TOP21 Timer output (TMP21) P96/TIP21
TOP30 Timer output (TMP30) PO1/TIP30
TOP31 Timer output (TMP31) POO/TIP31

Note: The NMI pin and P02 pin are an alternate-function pin. This pin functions as the P02 pin after if has been
reset. To enable the NMI pin, set the PMCO0.PMCO02 bit to 1.The initial setting of the NMI pin is "No edge

detected". Select the NMI pin valid edge using INTFO and INTRO registers.

42
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Table 2-3. Pin List (Non-Port Pins V850ES/FE?2) (2/3)

Pin Name lfe} Function Alternate Function
TIQO0 Input External event/clock input (TMQO00) P53/KR3/TOQ00/DDO
TIQO1 External event input (TMQO1) P50/KR0O/TOQ01
TIQO02 External event input (TMQO02) P51/KR1/TOQ02
TIQO3 External event input (TMQO03) P52/KR2/TOQO03/DDI
TOQO00 Qutput | Timer output (TMQOO0) P53/KR3/TIQ00/DDO
TOQO1 Timer output (TMQO1) P50/KRO/TIQ01
TOQ02 Timer output (TMQO02) P51/KR1/TIQ02
TOQO3 Timer output (TMQO3) P52/KR2/T1Q03/DDI
SIBO Input Serial receive data input (CSIBO0) P40
SIB1 Serial receive data input (CSIB1) P97/TIP20/TOP20
SOBO Output | Serial transmit data output (CSIBO) P41
SOB1 Serial transmit data output (CSIB1) Pa8
SCKBO /0 Serial clock /0 (CSIBO) P42
SCKB1 Serial clock 1/0 (CSIB1) P99
RXDAO Input Serial receive data input (UARTAQ) P31/INTP7
RXDA1 Serial receive data input (UARTAL) P91/KR7
TXDAO Qutput | Serial transmit data output (UARTAQ) P30
TXDA1 Serial transmit data output (UARTAL) P90/KR6
ASCKAO0 Input Baud rate clock input to UARTAO P32/TIPOO/TOPOO/TOPO1
CRXDO Input CAN receive data input (CANO) P34/TIP10/TOP10
CTXDO Output | CAN transmit data output (CANO) P33/TIPO1/TOPO1
ANIO to ANI9 Input Analog voltage input to A/D converter P70 to P79
AVrero Input Reference voltage input to A/D converter, and positive power supply -

pin for port 7
AVss - Ground potential for A/D converter (same potential as Vss) -
ADTRG Input A/D converter external trigger input PO3/INTPO
KRO Input Key interrupt input P50/TIQ01/TOQO01
KR1 P51/TIQ02/TOQ02
KR2 P52/TIQ03/TOQ03/DDI
KR3 P53/TIQ00/TOQ00/DDO
KR4 P54/DCK
KR5 P55/DMS
KR6 P90/TXDA1
KR7 P91/RXDA1
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Table 2-3. Pin List (Non-Port Pins V850ES/FE?2) (2/3)

Pin Name 110 Function Alternate Function
DMS Input Debug mode select P55/KR5
DDI Input Debug data input P52/KR2/TIQ03/TOQ03
DDO Output | Debug data output P53/KR3/TIQ00/TOQO00
DCK Input Debug clock input P54/KR4
DRST Input Debug reset input PO5/INTP2
CS0 to CS3 Output | Chip select signal output PCSO0 to PCS3
FLMDO Input Flash programming mode setting pins -
FLMD1 PDL5
CLKOUT Output | Internal system clock output PCM1
PCL Output | Clock output (timing output of X1 input clock and subclock) P913/INTP4
REGC - Regulator output stabilizing capacitor connection -
RESET Input System reset input -
X1 Input Main clock resonator connection -
X2 - -
XT1 Input Subclock resonator connection -
XT2 - -
Vob - Positive power supply pin for internal circuitry -
Vss - Ground potential for internal circuitry -
EVoo - Positive power supply pin for external circuitry (same potential as Vob) -
EVss - Ground potential for external circuitry (same potential as Vss) -

44
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2.1.2 V850ES/FF2

Two I/O buffer power supplies, AV

pins is shown below.

and EV

REFO bD?

Table 2-4. Pin I/O Buffer Power Supplies (V850ES/FF2)

Power Supply

Corresponding Pin

AVReFo

Port 7

EVop

Port 0, Port 3, Port 4, Port 5, Port 6, Port 8, Port 9, Port CM, Port CS, Port CT, Port DL,

RESET

(1) Port pins

Table 2-5. Pin List (Port Pins VB50ES/FF2) (1/2)

are available. The relationship between the power supplies and the

Pin Name 110 Function Alternate Function
P00 110 Port 0 TIP31/TOP31
PO1 7-bit I/O port TIP30/TOP30
P02 Input/output can be specified in 1-bit units. NMI
P03 INTPO/ADTRG
P04 INTP1
P05 INTP2/DRST
P06 INTP3
P30 /0 Port 3 TXDAO
P31 8-bit 1/0 port RXDAO/INTP7
P32 Input/output can be specified in 1-bit units. ASCKAO/TIPOO/TOPO0/TOPO1
P33 TIPO1/TOP01/CTXDO
P34 TIP10/TOP10/CRXDO
P35 TIP11/TOP11
P38 -
P39 -
P40 /0 Port 4 SIBO
P41 3-bit 1/O port SOBO
P42 Input/output can be specified in 1-bit units. SCKBO
P50 10 Port 5 KRO/TIQ01/TOQO1
P51 6-bit 1/0 port KR1/TIQ02/TOQ02
P52 Input/output can be specified in 1-bit units. KR2/TIQ03/TOQ03/DDI
P53 KR3/TIQ00/TOQ00/DDO
P54 KR4/DCK
P55 KR5/DMS
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Table 2-5. Pin List (Port Pins V850ES/FF2) (2/2)

PDL6 to PDL11

Input/output can be specified in 1-bit units.

Pin Name lfe} Function Alternate Function
P70 to P711 10 Port 7 ANIO to ANI11
12-bit I/O port
Input/output can be specified in 1-bit units.
P90 10 Port 9 KR6/TXDAL
P91 9-bit 1/0 port KR7/RXDA1
P96 Input/output can be specified in 1-bit units. TIP21/TOP21
P97 SIB1/TIP20/TOP20
P98 SOB1
P99 SCKB1
P913 INTP4/PCL
P914 INTP5S
P915 INTP6
PCMO 110 Port CM .
PCM1 4-bit I/O port CLKOUT
PCM2, PCM3 Input/output can be specified in 1-bit units. R
PCSO, PCS1 1/0 Port CS -
2-bit I/0 port
Input/output can be specified in 1-bit units.
PCTO, PCT1, 110 Port CT )
PCT4, PCT6 4-bit I/O port
Input/output can be specified in 1-bit units.
PDLO to PDL4 1/0 Port DL R
PDL5 8-hit 1/0 port FLMD1

46
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(2) Non-port pins

Table 2-6. Pin List (Non-Port Pins VB50ES/FF2) (1/3)

Pin Name /10 Function Alternate Function
NMI Input | External interrupt input P02 "
(non-maskable, with analog noise eliminated)
INTPO Input External interrupt request input PO3/ADTRG
INTP1 (maskable, with analog noise eliminated) P04
INTP2 PO5/DRST
INTP3 P06
INTP4 P913/PCL
INTPS P914
INTP6 P915
INTP7 P31/RXDA0
TIPOO Input External event/clock input (TMP0O) P32/ASCKAO/TOP00/TOPO1
TIPO1 External event input (TMPO01) P33/TOP01/CTXDO
TIP10 External event/clock input (TMP10) P34/TOP10/CRXDO
TIP11 External event input (TMP11) P35/TOP11
TIP20 External event/clock input (TMP20) P97/SIB1/TOP20
TIP21 External event input (TMP21) P96/TOP21
TIP30 External event/clock input (TMP30) P01/TOP30
TIP31 External event input (TMP31) P0OO/TOP31
TOPOO Output | Timer output (TMP00) P32/ASCKAO/TIP0O0/TOPO1
TOPO1 Timer output (TMPO1) P32/ASCKAOQ/TIPOO/TOP0OO
P33/TIPO1/CTXDO
TOP10 Timer output (TMP10) P34/TIP10/CRXDO
TOP11 Timer output (TMP11) P35/TIP11
TOP20 Timer output (TMP20) P97/SIB1/TIP20
TOP21 Timer output (TMP21) P96/TIP21
TOP30 Timer output (TMP30) PO1/TIP30
TOP31 Timer output (TMP31) POO/TIP31

Note: The NMI pin and P02 pin are an alternate-function pin. This pin functions as the P02 pin after if has been
reset. To enable the NMI pin, set the PMC0.PMCO02 bit to 1.The initial setting of the NMI pin is "No edge

detected". Select the NMI pin valid edge using INTFO and INTRO registers.
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Table 2-6. Pin List (Non-Port Pins VB50ES/FF2) (2/3)

Pin Name lfe} Function Alternate Function
TIQO0 Input External event/clock input (TMQO00) P53/KR3/TOQ00/DDO
TIQO1 External event input (TMQO1) P50/KR0O/TOQO01
TIQ02 External event input (TMQO02) P51/KR1/TOQ02
TIQO3 External event input (TMQO03) P52/KR2/TOQO03/DDI
TOQO0 Qutput | Timer output (TMQOQO0) P53/KR3/TIQ00/DDO
TOQO1 Timer output (TMQO1) P50/KRO/TIQ01
TOQO02 Timer output (TMQO02) P51/KR1/TIQ02
TOQO3 Timer output (TMQO3) P52/KR2/TIQ03/DDI
SIBO Input Serial receive data input (CSIBO) P40
SIB1 Serial receive data input (CSIB1) P97/TIP20/TOP20
SOBO Output | Serial transmit data output (CSIBO) P41
SOB1 Serial transmit data output (CSIB1) P98
SCKBO /0 Serial clock 1/0 (CSIBO) P42
SCKB1 Serial clock 1/0 (CSIB1) P99
RXDAO Input Serial receive data input (UARTAO) P31/INTP7
RXDA1 Serial receive data input (UARTAL) P91/KR7
TXDAO Qutput | Serial transmit data output (UARTAQ) P30
TXDA1 Serial transmit data output (UARTAL) P90/KR6
ASCKAO0 Input Baud rate clock input to UARTAO P32/TIPOO/TOPO0O/TOPO1
CRXDO Input CAN receive data input (CANO) P34/TIP10/TOP10
CTXDO Output | CAN transmit data output (CANO) P33/TIP01/TOPO1
ANIO to ANI11 Input Analog voltage input to A/D converter P70to P711
AVrero Input Reference voltage input to A/D converter , and positive power supply -

pin for port 7
AVss - Ground potential for A/D converter (same potential as Vss) -
ADTRG Input A/D converter external trigger input PO3/INTPO
KRO Input Key interrupt input P50/TIQ01/TOQO01
KR1 P51/T1Q02/TOQ02
KR2 P52/TIQ03/TOQ03/DDI
KR3 P53/TIQ00/TOQ00/DDO
KR4 P54/DCK
KR5 P55/DMS
KR6 P90/TXDAL1
KR7 P91/RXDA1

48 User's Manual U17830EE1VOUMO00




CHAPTER 2 PIN FUNCTIONS

Table 2-6. Pin List (Non-Port Pins V850ES/FF2) (2/3)

Pin Name 110 Function Alternate Function
DMS Input Debug mode select P55/KR5
DDI Input Debug data input P52/KR2/TIQ03/TOQ03
DDO Output | Debug data output P53/KR3/TIQ00/TOQ00
DCK Input Debug clock input P54/KR4
DRST Input Debug reset input PO5/INTP2
FLMDO Input Flash programming mode setting pins -
FLMD1 PDL5
CLKOUT Output | Internal system clock output PCM1
PCL Output | Clock output (timing output of X1 input clock and subclock) P913/INTP4
REGC - Regulator output stabilizing capacitor connection -
RESET Input System reset input -
X1 Input Main clock resonator connection -
X2 - -
XT1 Input Subclock resonator connection -
XT2 - -
Vop - Positive power supply pin for internal circuitry -
Vss - Ground potential for internal circuitry -
EVoo - Positive power supply pin for external circuitry (same potential as Voo) -
EVss - Ground potential for external circuitry (same potential as Vss) -
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2.1.3 V850ES/FG2

Three 1/0 buffer power supplies, AVrero, BVop and EVop, are available.

supplies and the pins is shown below.

The relationship between the power

Table 2-7. Pin I/O Buffer Power Supplies (V850ES/FG2)

Power Supply

Corresponding Pin

AVREFO Port 7
EVop Port 0, Port 1, Port 3, Port 4, Port 5, Port 9, RESET
BVop Port CM, Port CS, Port CT, Port DL

(1) Port pins

Table 2-8. Pin List (Port Pins VB50ES/FG2) (1/2)

Pin Name I} Function Alternate Function
P00 1/0 Port 0 TIP31/TOP31
PO1 7-bit /O port TIP30/TOP30
P02 Input/output can be specified in 1-bit units. NMI
P03 INTPO/ADTRG
P04 INTP1
P05 INTP2/DRST
P06 INTP3
P10 110 Port 1 INTP9
P11 2-bit I/O port INTP10

Input/output can be specified in 1-bit units.

P30 110 Port 3 TXDAO
P31 10-bit I/O port RXDAO/INTP7
P32 Input/output can be specified in 1-bit units. ASCKAO/TIPOO/TOPO0/TOPO1
P33 TIPO1/TOP01/CTXDO
P34 TIP10/TOP10/CRXDO
P35 TIP11/TOP11
P36 CTXD1
P37 CRXD1
P38 TXDA2
P39 RXDA2/INTP8
P40 110 Port 4 SIBO
P41 3-bit I/O port SOBO
P42 Input/output can be specified in 1-bit units. SCKBO

50
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Table 2-8. Pin List (Port Pins V850ES/FG2) (2/2)

Pin Name lfe} Function Alternate Function
P50 110 Port 5 KRO/TIQ01/TOQO01
P51 6-bit 1/0 port KR1/TIQ02/TOQ02
P52 Input/output can be specified in 1-bit units. KR2/TIQ03/TOQ03/DDI
P53 KR3/TIQ00/TOQ00/DDO
P54 KR4/DCK
P55 KR5/DMS
P70 to P715 110 Port 7 ANIO to ANI15

16-bit I/O port
Input/output can be specified in 1-bit units.
P90 lfe} Port 9 KR6/TXDA1
P91 16-bit 1/0 port KR7/RXDA1
P92 Input/output can be specified in 1-bit units. TIQ11/TOQ11
P93 TIQ12/TOQ12
P94 TIQ13/TOQ13
P95 TIQ10/TOQ10
P96 TIP21/TOP21
P97 SIB1/TIP20/TOP20
P98 SOB1
P99 SCKB1
P910 -
P911 -
P912 -
P913 INTP4/PCL
P914 INTP5
P915 INTP6
PCMO 110 Port CM -
PCM1 4-bit 1/0 port CLKOUT
PCM2, PCM3 Input/output can be specified in 1-bit units. _
PCS0, PCS1 1/10 Port CS -
2-bit /0 port
Input/output can be specified in 1-bit units.
PCTO, PCT1, 110 Port CT ~
PCT4, PCT6 4-bit 1/0 port -
Input/output can be specified in 1-bit units.
PDLO to PDL4 110 Port DL -
PDL5 14-bit I/O port FLMD1

PDL6 to PDL13

Input/output can be specified in 1-bit units.
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(2) Non-port pins

* Table 2-9. Pin List (Non-Port Pins V850ES/FG2) (1/3)
Pin Name /10 Function Alternate Function
NMI Input | External interrupt input P02 "¢
(non-maskable, with analog noise eliminated)
INTPO Input | External interrupt request input PO3/ADTRG
INTP1 (maskable, with analog noise eliminated) P04
INTP2 PO5/DRST
INTP3 P06
INTP4 P913/PCL
INTP5 P914
INTP6 P915
INTP7 P31/RXDA0
INTP8 P39/RXDA2
INTP9 P10
INTP10 P11
TIPOO Input External event/clock input (TMP0O) P32/ASCKAO/TOP0O0O/TOPO1
TIPO1 External event/clock input (TMP0O1) P33/TOP01/CTXDO
TIP10 External event/clock input (TMP10) P34/TOP10/CRXDO
TIP11 External event/clock input (TMP11) P35/TOP11
TIP20 External event/clock input (TMP20) P97/SIB1/TOP20
TIP21 External event/clock input (TMP21) P96/TOP21
TIP30 External event/clock input (TMP30) P01/TOP30
TIP31 External event/clock input (TMP31) POO/TOP31
TOPOO Output | Timer output (TMPQO0) P32/ASCKAO/TIPO0/TOPO1
TOPO1 Timer output (TMPO01) P32/ASCKAO/TIPOO/TOP0O0O

P33/TIP01/CTXDO

TOP10 Timer output (TMP10) P34/TIP10/CRXDO
TOP11 Timer output (TMP11) P35/TIP11

TOP20 Timer output (TMP20) P97/SIB1/TIP20
TOP21 Timer output (TMP21) P96/TIP21

TOP30 Timer output (TMP30) PO1/TIP30

TOP31 Timer output (TMP31) POO/TIP31

TIQO0 Input External event/clock input (TMQO0) P53/KR3/TOQ00/DDO
TIQO1 External event input (TMQO1) P50/KR0O/TOQO01
TIQ02 External event input (TMQO02) P51/KR1/TOQ02
TIQO3 External event input (TMQO03) P52/KR2/TOQO03/DDI

Note: The NMI pin and P02 pin are an alternate-function pin. This pin functions as the P02 pin after if has been
reset. To enable the NMI pin, set the PMCO0.PMCO02 bit to 1.The initial setting of the NMI pin is "No edge
detected". Select the NMI pin valid edge using INTFO and INTRO registers.
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Table 2-9. Pin List (Non-Port Pins VB50ES/FG2) (2/3)

Pin Name 110 Function Alternate Function
TIQ10 Input External event input (TMQ10) P95/TOQ10
TIQ11 External event input (TMQ11) P92/TOQ11
TIQ12 External event input (TMQ12) P93/TOQ12
TIQ13 External event input (TMQ13) P94/TOQ13
TOQO00 Output | Timer output (TMQO0) P53/KR3/TIQ00/DDO
TOQO1 Timer output (TMQO1) P50/KRO/TIQO01
TOQO02 Timer output (TMQO02) P51/KR1/T1Q02
TOQO3 Timer output (TMQO03) P52/KR2/T1Q03/DDI
TOQ10 Timer output (TMQ10) P95/TIQ10
TOQ11 Timer output (TMQ11) P92/TIQ11
TOQ12 Timer output (TMQ12) P93/TIQ12
TOQ13 Timer output (TMQ13) P94/TIQ13
SIBO Input Serial receive data input (CSIBO0) P40
SIB1 Serial receive data input (CSIB1) P97/TIP20/TOP20
SOBO Output | Serial transmit data output (CSIBO0) P41
SOB1 Serial transmit data output (CSIB1) P98
SCKBO 10 Serial clock /0 (CSIBO) P42
SCKB1 Serial clock I/0O (CSIB1) P99
RXDAO Input Serial receive data input (UARTAQ) P31/INTP7
RXDA1 Serial receive data input (UARTAL) P91/KR7
RXDA2 Serial receive data input (UARTA2) P39/INTP8
TXDAO Output | Serial transmit data output (UARTAO) P30
TXDA1 Serial transmit data output (UARTA1) P90/KR6
TXDA2 Serial transmit data output (UARTA2) P38
ASCKAO0 Input Baud rate clock input to UARTAOQ P32/TIPOO/TOPOO/TOPO1
CRXDO Input CAN receive data input (CANO) P34/TIP10/TOP10
CRXD1 CAN receive data input (CAN1) P37
CTXDO Output | CAN transmit data output (CANO) P33/TIP01/TOPO1
CTXD1 CAN transmit data output (CAN1) P36
ANIO to ANI15 Input Analog voltage input to A/D converter P70 to P715
AVrero Input Reference voltage input to A/D converter , and positive power supply -

pin for port 7

AVss - Ground potential for A/D converter (same potential as Vss) -
ADTRG Input A/D converter external trigger input PO3/INTPO
KRO Input Key interrupt input P50/TIQ01/TOQO1
KR1 P51/T1Q02/TOQ02
KR2 P52/TIQ03/TOQ03/DDI
KR3 P53/TIQ00/TOQ00/DDO
KR4 P54/DCK
KR5 P55/DMS
KR6 P90/TXDAL
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KR7 P91/RXDA1
Table 2-9. Pin List (Non-Port Pins V850ES/FGZ2) (3/3)

Pin Name lfe} Function Alternate Function
DMS Input Debug mode select P55/KR5
DDI Input Debug data input P52/KR2/TIQ03/TOQ03
DDO Output | Debug data output P53/KR3/TIQ00/TOQO00
DCK Input Debug clock input P54/KR4
DRST Input Debug reset input PO5/INTP2
FLMDO Input Flash programming mode setting pins -
FLMD1 PDL5
CLKOUT Output | Internal system clock output PCM1
PCL Output | Clock output (timing output of X1 input clock and subclock) P913/INTP4
REGC - Regulator output stabilizing capacitor connection -
RESET Input System reset input -
X1 Input Main clock resonator connection -
X2 - -
XT1 Input Subclock resonator connection -
XT2 - -
Vob - Positive power supply pin for internal circuitry -
Vss - Ground potential for internal circuitry -
EVop - Positive power supply pin for external circuitry (same potential as -

\/op)
EVss - Ground potential for external circuitry (same potential as Vss) -
BVop - Positive power supply pin for external circuitry (same potential as -
\/op)
BVss - Ground potential for external circuitry (same potential as Vss) -
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2.1.4 V850ES/FJ2

Three I/O buffer power supplies, AVrero, BVop, and EVop, are available. The relationship between the power
supplies and the pins is shown below.

Table 2-10. Pin I/O Buffer Power Supplies (V850ES/FJ2)

Power Supply Corresponding Pin
AVRero Port 7, Port 12
BVop Port CD, Port CM Port CS, Port CT, Port DL
EVoo Port 0, Port 1, Port 3, Port 4, Port 5, Port 6, Port 8, Port 9, RESET
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(1) Port pins

Table 2-11. Pin List (Port Pins) (1/3)

Pin Name I} Function Alternate Function
P00 10 Port 0 TIP31/TOP31
P01 7-bit I/0 port TIP30/TOP30
P02 Input/output can be specified in 1-bit units. NMI
P03 INTPO/ADTRG
P04 INTP1
P05 INTP2/DRST
P06 INTP3
P10 110 Port 1 INTP9
P11 2-bit 1/O port INTP10

Input/output can be specified in 1-bit units.

P30 10 Port 3 TXDAO
P31 10-bit 1/0 port RXDAO/INTP7
P32 Input/output can be specified in 1-bit units. ASCKAO/TIPO0/TOP00/TOPO1
P33 TIPO1/TOPO1/CTXDO
P34 TIP10/TOP10/CRXDO
P35 TIP11/TOP11
P36 CTXD1
P37 CRXD1
P38 TXDA2
P39 RXDA2/INTP8
P40 1/10 Port 4 SIBO
P41 3-bit 1/O port SOBO
P42 Input/output can be specified in 1-bit units. SCKBO
P50 10 Port 5 KRO/TIQ01/TOQO1
P51 6-bit 1/0 port KR1/TIQ02/TOQ02
P52 Input/output can be specified in 1-bit units. KR2/TIQ03/TOQO03/DDI
P53 KR3/TIQ00/TOQ00/DDO
P54 KR4/DCK
P55 KR5/DMS
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Table 2-11. Pin List (Port Pins) (2/3)

Pin Name 110 Function Alternate Function
P60 110 Port 6 INTP11
P61 16-bit I/0 port INTP12
P62 Input/output can be specified in 1-bit units. INTP13
P63 -
P64 -
P65 CTXD2"**
P66 CRXD2"**
P67 CTXD3"**
P68 CRXD3"**
P69 -
P610 TIQ20/TOQ20
P611 TIQ21/TOQ21
P612 TIQ22/TOQ22
P613 TIQ23/TOQ23
P614 -
P615 -
P70 to P715 /10 Port 7 ANIO to ANI15
16-bit I/O port
Input/output can be specified in 1-bit units.
P80 /o] Port 8 RXDA3/INTP14""*
P81 2-bit 1/0 port TXDA3™*?
Input/output can be specified in 1-bit units.
P90 10 Port 9 KR6/TXDA1
Pa1 16-bit I/0 port KR7/RXDAL
P92 Input/output can be specified in 1-bit units. TIQ11/TOQ11
P93 TIQ12/TOQ12
P94 TIQ13/TOQ13
P95 TIQ10/TOQ10
P96 TIP21/TOP21
P97 SIB1/TIP20/TOP20
P98 SOB1
P99 SCKB1
P910 SIB2
P911 SOB2
P912 SCKB2
P913 INTP4/PCL
P914 INTPS
P915 INTP6

Notes 1. Inthe ;#PD70F3237, alternate functions of the P65 to P68 pins (CTXD2, CRXD2, CTXD3, and CRXD3)
are not available.
2. In the xPD70F3237, the alternate functions of the P80 and P81 pins (RXDA3 and TXDAS3) are not
available. The alternate function of the P80 pin in the £/PD70F3237 is INTP14 only.

User's Manual U17830EE1VOUMO0 57



CHAPTER 2 PIN FUNCTIONS

Table 2-11. Pin List (Port Pins) (3/3)

Pin Name lfe} Function Alternate Function
P120 to P127 1/0 Port 12 ANI16 to ANI23
8-bit 1/0 port
Input/output can be specified in 1-bit units.
PCDO to PCD3 1/10 Port CD -
4-bit I/O port
Input/output can be specified in 1-bit units.
PCMO 10 | PortCM WAIT
PCM1 6-bit I/O port CLKOUT
PCM2 Input/output can be specified in 1-bit units. HLDAK
PCM3 HLDRQ
PCM4 -
PCM5 -
PCS0 to PCS3 0 | Portcs CS0to CS3
PCS4 to PCS7 8-bit I/O port -
Input/output can be specified in 1-bit units.
PCTO /0 Port CT WRO
PCT1 8-bit 1/0 port ‘WR1
PCT?2 Input/output can be specified in 1-bit units. _
PCT3 -
PCT4 RD
PCT5 -
PCT6 ASTB
PCT7 -
PDLO to PDL4 1/0 Port DL ADO to AD4
PDL5 16-bit I/O port AD5/FLMD1
PDL6 to PDL15 Input/output can be specified in 1-bit units. AD6 to AD15
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(2) Non-port pins

Table 2-12. Pin List (Non-Port Pins) (1/4)

Pin Name /10 Function Alternate Function
NV [ Input | External interrupt input P02 et
(non-maskable, with analog noise eliminated)
INTPO Input External interrupt request input PO3/ADTRG
INTP1 (maskable, with analog noise eliminated) P04
INTP2 PO5/DRST
INTP3 P06
INTP4 P913/PCL
INTPS P914
INTP6 P915
INTP7 P31/RXDA0
INTP8 P39/RXDA2
INTP9 P10
INTP10 P11
INTP11 P60
INTP12 P61
INTP13 P62
INTP14 P80/RXDA3""?
TIPOO Input External event/clock input (TMP0O) P32/ASCKAO/TOP00/TOPO1
TIPO1 External event input (TMPO1) P33/TOP01/CTXDO
TIP10 External event/clock input (TMP10) P34/TOP10/CRXDO
TIP11 External event input (TMP11) P35/TOP11
TIP20 External event/clock input (TMP20) P97/SIB1/TOP20
TIP21 External event input (TMP21) P96/TOP21
TIP30 External event/clock input (TMP30) P01/TOP30
TIP31 External event input (TMP31) P0OO/TOP31
TOPOO Output | Timer output (TMP00) P32/ASCKAO/TIP00/TOPO1
TOPO1 Timer output (TMPO1) P32/ASCKAOQ/TIPOO/TOP0OO
P33/TIP01/CTXDO
TOP10 Timer output (TMP10) P34/TIP10/CRXDO
TOP11 Timer output (TMP11) P35/TIP11
TOP20 Timer output (TMP20) P97/SIB1/TIP20
TOP21 Timer output (TMP21) P96/TIP21
TOP30 Timer output (TMP30) PO1/TIP30
TOP31 Timer output (TMP31) POO/TIP31

Notes 1. The NMI pin and PO2 pin are an alternate-function pin. This pin functions as the P02 pin after if has
been reset. To enable the NMI pin, set the PMCO0.PMCO02 bit to 1.The initial setting of the NMI pin is "No

edge detected". Select the NMI pin valid edge using INTFO and INTRO registers.

In the pPD70F3237, the alternate functions of the P80 and P81 pins (RXDA3 and TXDAS3) are not

available. The alternate function of the P80 pin in the yPD70F3237 is only INTP14.
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Table 2-12. Pin List (Non-Port Pins) (2/4)

Pin Name lfe} Function Alternate Function
TIQO0 Input External event/clock input (TMQOO) P53/KR3/TOQ00/DDO
TIQO1 External event input (TMQO1) P50/KR0O/TOQ01
TIQ02 External event input (TMQO02) P51/KR1/TOQ02
TIQO3 External event input (TMQO03) P52/KR2/TOQO03/DDI
TIQ10 External event input (TMQ10) P95/TOQ10
TIQ11 External event input (TMQ11) P92/TOQ11
TIQ12 External event input (TMQ12) P93/TOQ12
TIQ13 External event input (TMQ13) P94/TOQ13
TIQ20 External event/clock input (TMQZ20) P610/TOQ20
TIQ21 External event input (TMQ21) P611/TOQ21
TIQ22 External event input (TMQ22) P612/TOQ22
TIQ23 External event input (TMQ23) P613/TOQ23
TOQO0 Output | Timer output (TMQOO) P53/KR3/TIQ00/DDO
TOQO1 Timer output (TMQO1) P50/KR0O/TIQ01
TOQO02 Timer output (TMQO02) P51/KR1/T1Q02
TOQO03 Timer output (TMQO03) P52/KR2/T1Q03/DDI
TOQ10 Timer output (TMQ10) P95/TIQ10
TOQ11 Timer output (TMQ11) P92/TIQ11
TOQ12 Timer output (TMQ12) P93/TIQ12
TOQ13 Timer output (TMQ13) P94/TIQ13
TOQ20 Timer output (TMQ20) P610/T1Q20
TOQ21 Timer output (TMQ21) P611/TIQ21
TOQ22 Timer output (TMQ22) P612/T1Q22
TOQ23 Timer output (TMQ23) P613/TIQ23
SIBO Input Serial receive data input (CSIBO0) P40
SiB1 Serial receive data input (CSIB1) P97/TIP20/TOP20
SIB2 Serial receive data input (CSIB2) P910
SOBO Output | Serial transmit data output (CSIBO0) P41
SOB1 Serial transmit data output (CSIB1) P98
SOB2 Serial transmit data output (CSIB2) P911
SCKBO I{e] Serial clock 1/O (CSIBO) P42
SCKB1 Serial clock /0O (CSIB1) P99
SCKB2 Serial clock /O (CSIB2) P912
RXDAO Input Serial receive data input (UARTAOQ) P31/INTP7
RXDA1 Serial receive data input (UARTAL) P91/KR7
RXDA2 Serial receive data input (UARTA2) P39/INTP8
RXDA3"™"* Serial receive data input (UARTA3) P80/INTP14
TXDAO Output | Serial transmit data output (UARTAOQ) P30
TXDA1 Serial transmit data output (UARTA1) P90/KR6
TXDA2 Serial transmit data output (UARTA2) P38
TXDA3""*® Serial transmit data output (UARTA3) P81

Note In the xPD70F3237, the alternate functions of the P80 and P81 pins (RXDA3 and TXDAS3) are not available.
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Table 2-12. Pin List (Non-Port Pins) (3/4)

are not available.

User's Manual U17830EE1VOUMO0

Pin Name lfe} Function Alternate Function
ASCKAO0 Input Baud rate clock input to UARTAO P32/TIPOO/TOPOO/TOPO1
CRXDO Input CAN receive data input (CANO) P34/TIP10/TOP10
CRXD1 CAN receive data input (CAN1) P37
CRXD2"™* CAN receive data input (CAN2) P66
CRXD3"™* CAN receive data input (CAN3) P68
CTXDO Output | CAN transmit data output (CANO) P33/TIP01/TOPO1
CTXD1 CAN transmit data output (CAN1) P36
CTXD2"* CAN transmit data output (CAN2) P65
CTXD3"" CAN transmit data output (CAN3) P67
ANIO to ANI15 Input Analog voltage input to A/D converter P70 to P715
ANI16 to ANI23 P120 to P127
AVRero Input Reference voltage input to A/D converter, and positive power supply -

pin for port 7

AVss - Ground potential for A/D converter (same potential as VSS) -
ADTRG Input | A/D converter external trigger input PO3/INTPO
KRO Input Key interrupt input P50/TIQ01/TOQO01
KR1 P51/TIQ02/TOQ02
KR2 P52/T1Q03/TOQ03/DDI
KR3 P53/TIQ00/TOQ00/DDO
KR4 P54/DCK
KR5 P55/DMS
KR6 P90/TXDA1
KR7 P91/RXDA1
DMS Input Debug mode select P55/KR5
DDI Input Debug data input P52/KR2/T1Q03/TOQ03
DDO Qutput | Debug data output P53/KR3/TIQ00/TOQO00
DCK Input Debug clock input P54/KR4
DRST Input Debug reset input PO5/INTP2
CS0to CS3 Output | Chip select signal output PCSO0 to PCS3
ADO to AD4 I/0 Address/data bus for external memory PDLO to PDL4
AD5 PDL5/FLMD1
ADG6 to AD15 PDL6 to PDL15
ASTB Output | Address strobe signal output to external memory PCT6
HLDRQ Input Bus hold request input PCM3
HLDAK Output | Bus hold acknowledge output PCM2
RD Output | Read strobe signal output to external memory PCT4
WAIT Input External wait input PCMO
'WRO OQutput | Write strobe to external memory (lower 8 bits) PCTO
‘WR1 Write strobe to external memory (higher 8 bits) PCT1

Note Inthe xPD70F3237, the alternate functions of the P65 to P68 pins (CTXD2, CRXD2, CTXD3, and CRXD3)
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Table 2-12. Pin List (Non-Port Pins) (4/4)

Pin Name /10 Function Alternate Function
FLMDO Input Flash programming mode setting pins -
FLMD1 PDL5/AD5
CLKOUT Output | Internal system clock output PCM1
PCL Output | Clock output (timing output of X1 input clock and subclock) P913/INTP4
REGC - Regulator output stabilizing capacitor connection -
RESET Input System reset input -
X1 Input Main clock resonator connection -
X2 - —
XT1 Input Subclock resonator connection -
XT2 - -
Voo - Positive power supply pin for internal circuitry -
Vss - Ground potential for internal circuitry -
BVop - Positive power supply for bus interface and port -
BVss - Ground potential for bus interface and port -
EVop - Positive power supply pin for external circuitry (same potential as Vop) -
EVss - Ground potential for external circuitry (same potential as Vss) -
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2.2 Pin Status (V850ES/FJ2)

The V850ES/FJ2 has an external bus interface function that enables connection of external memories, such as
ROM and RAM, and I/O.

Table 2-4 shows the operating status of each external bus interface pin in each operation mode.

Table 2-13. Pin Operating Status in Each Operation Mode

Bus Control Pin Reset HALT Mode and IDLE1, IDLE2, and Idle State™*? Bus Hold
DMA Transfer Software STOP
Modes

ADO to AD15 Hi-Z Operating Hi-Z Held Hi-Z
CS0to CS3 H
WAIT _ _ _
CLKOUT Operating Operating
WRO, WR1 H H Hi-Z
RD
ASTB
HLDAK L
m - - Operating

Notes 1. The bus control pins function alternately as port pins and are initialized to the input mode (port mode).
2. Pin status in the idle state that is inserted after the T3 state.

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 Description of Pin Functions

2.3.1 V850ES/FE2

(1) POO to P06 (port 0) ... 3-state I/O
P00 to P06 function as a 7-bit /0 port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as NMI input, external interrupt request signal input,

timer/counter I/O, external trigger of the A/D converter, and debug reset input.

This port can be set in the port mode or control mode in 1-bit units. The valid edge of each pin is specified by
the INTRO and INTFO registers.
An on-chip pull-up resistor can be connected to P00 to P06 by using pull-up resistor option register 0 (PUO).

(@) Port mode
P00 to P06 can be set in the input or output mode in 1-bit units, by using port mode register 0 (PMO0).

(b) Control mode

0]

(in)

(iii)

(iv)

v)

(vi)

64

NMI (Non-maskable interrupt request) ... input
This pin inputs a non-maskable interrupt request signal.

INTPO to INTP3 (Interrupt request from peripherals) ... input
These pins input external interrupt request signals.

TIP30, TIP31 (Timer input) ... input
These pins input to timers P3 (TMP3).

TOP30, TOP31 (Timer output) ... output
These pins output from timers P3 (TMP3).

ADTRG (A/D trigger input) ... input
This pin inputs an external trigger to the A/D converter. It is controlled by using A/D converter mode
register 0 (ADAOMO).

ﬁ(Debug reset) ... input

This pin inputs a debug reset signal, a negative-logic signal that asynchronously initializes the on-chip
debug circuit. To deassert this signal, reset or invalidate the on-chip debug circuit. Deassert this
signal when the debug function is not used.

For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).
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(2) P30to P35 (port 3) ... 3-state output

P30 to P35 function as a 6-bit I/O port that can be set to input or output in 1-bit units.

Besides functioning as an 1/O port, these pins operate as external interrupt request signal input, serial interface
1/0, timer/counter /O, and CAN data I/O. This port can be set in the port mode or control mode in 1-bit units.

The valid edge of each pin is specified by using INTR3 and INTF3 registers.
An on-chip pull-up resistor can be connected to P30 to P35 by using pull-up resistor option register 3 (PU3).

@

(b)

Port mode

P30 to P35 can be set in the input or output mode in 1-bit units, by using port mode register 3 (PM3).

Control mode

(i) RXDAO (Receive data) ... input
These pins input the serial receive data of UARTAO.

(i) TXDAO (Transmit data) ... output
These pins output the serial transmit data of UARTAO.

(iii) ASCKAO (Asynchronous serial clock) ... input
This pin inputs UARTAOQ.

(iv) INTP7 (Interrupt request from peripherals) ... input
These pins input an external interrupt request signal.

(v) TIPOO, TIPO1, TIP10, TIP11 (Timer input) ... input
These pins input to timers PO and P1 (TMPO, TMP1).

(vi) TOPOO, TOPO1, TOP10, TOP11 (Timer output) ... output
These pins output from timers PO and P1 (TMPO, TMP1).

(vii) CRXDO (CAN receive data) ... input
These pins input the receive data of CANO.

(viii) CTXDO (CAN transmit data) ... output
These pins output the transmit data of CANO.

User's Manual U17830EE1VOUMO0

65



CHAPTER 2 PIN FUNCTIONS

66

(3) P40 to P42 (port 4) ... 3-state I/O
P40 to P42 function as a 3-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as serial interface I/O. This port can be set in the port
mode or control mode in 1-bit units.
An on-chip pull-up resistor can be connected to P40 to P42 by using pull-up resistor option register 4 (PU4).

(@) Port mode
P40 to P42 can be set in the input or output mode in 1-bit units, by using port mode register 4 (PM4).

(b) Control mode

(i) SIBO (Serial input) ... input
This pin inputs the serial receive data of CSIBO.

(i) SOBO (Serial output) ... output
This pin outputs the serial transmit data of CSIBO.

(iii) SCKBO (serial clock) ... 3-state I/O
This pin inputs/outputs the serial clock of CSIBO.
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(4) P50 to P55 (Port 5) ... 3-state I/O
P50 to P55 function as a 6-bit I/0 port that can be set to input or output in 1-bit units.
Besides functioning as an /O port, these pins operate as an /O port, but also as timer/counter 1/O, debug
function 1/0, and key interrupt input. This port can be set in the port mode or control mode in 1-bit units.
An on-chip pull-up resistor can be connected to P50 to P55 by using pull-up resistor option register 5 (PU5).

(@) Port mode
P50 to P55 can be set in the input or output mode in 1-bit units, by using port mode register 5 (PM5).

(b) Control mode

(i) KROto KR5 (Key return) ... input
These pins input a key interrupt. Their operation is specified by using the key return mode register
(KRM) in the input port mode.

(ii) TIQOO0, TIQO1, TIQO2, TIQO3 (Timer input) ... input
These pins input to timers Q0 (TMQO).

(iif) TOQO0, TOQO1, TOQO2, TOQO3 (Timer output) ... output
These pins output from timers Q0 (TMQO).

(iv) DDI (Debug data input) ... input
This pin inputs debug data to the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(v) DDO (Debug data output) ... output
This pin outputs debug data from the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(iv) DCK (Debug clock input) ... input
This pin inputs a debug clock to the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(vii) DMS (Debug mode select) ... input
This pin selects the debug mode of the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(5) P70to P79 (Port 7) ... 3-state I/O
P70 to P79 function as a 10-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an /O port, these pins operate as the analog input pins of the A/D converter in the
control mode. When using this port as analog input pins, however, set the port in the input mode. At this time,
do not read the port.

(@) Port mode

P70 to P79 can be set in the input or output mode in 1-bit units, by using port mode register 7L, H (PM7L,
PM7H)
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68

(6)

(b) Control mode
P70 to P79 function alternately as the ANIO to ANI9 pins.
(i) ANIOto ANI9 (Analog input 0to 9) ... input
These pins input an analog signal to the A/D converter.

P90, P91, P96 to P99, P913 to P915 (Port 9) ... 3-state I/O

P90, P91, P96 to P99, P913 to P915 function as a 9-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as serial interface 1/0, timer/counter I/O, clock output,
external interrupt request signal input, and key interrupt input. This port can be set in the port mode or control
mode in 1-bit units. The valid edge of P913 to P915 is specified by using INTF9H register.

An on-chip pull-up resistor can be connected to P90, P91, P96 to P99, P913 to P915 by using pull-up resistor
option register 9 (PU9).

(@) Port mode
P90, P91, P96 to P99, P913 to P915 can be set in the input or output mode in 1-bit units, by using port 9
mode register (PM9).

(b) Control mode

(i) SIB1 (Serial input) ... input
These pins input the serial receive data of CSIB1.

(i) SOB1 (Serial output) ... output
These pins output the serial receive data of CSIB1.

(iii) SCKB1 (Serial clock) ... 3-state I/O
These pins input/output the serial clock of CSIB1.

(iv) RXDAL1 (Receive data) ... input
This pin inputs the serial receive data of UARTAL.

(v) TXDAL (Transmit data) ... output
This pin outputs the serial transmit data of UARTAL.

(vi) TIP20, TIP21 (Timer input) ... input
These pins input to timers P2 (TMP2).

(vii) TOP20, TOP21 (Timer output) ... output
These pins output from timers P2 (TMP2).

(viii) PCL (Clock output) ... output
This pin outputs a clock.

(ix) INTP4 to INTP6 (Interrupt request from peripherals) ... input
These pins input an external interrupt request signal.
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(x) KR6, KR7 (Key return) ... input
These pins input a key interrupt. Their operation is specified by the key return mode register (KRM) in
the input port mode.

(7) PCMO, PCM1 (port CM) ... 3-state I/O
PCMO, PCM1 function as a 2-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an 1/O port, and bus clock output.

(@) Port mode
PCMO, PCM1 can be set in the input or output mode in 1-bit units, by using port mode register CM
(PMCM).

(b) Control mode

(i) CLKOUT (Clock output) ... output
This pin outputs an internally generated bus clock.

(8) PDLO to PDL7 (port DL) ... 3-state 1/O
PDLO to PDL7 function as an 8-bit /0O port that can be set to input or output in 1-bit units.
PDL5 also functions as the FLMD1 pin when the flash memory is programmed (when a high level is input to
FLDO). At this time, be sure to input a low level to the FLMD1 pin.

(@) Port mode
PDLO to PDL7 can be set in the input or output mode in 1-bit units, by using port mode register DL (PMDL).

(9) RESET (Reset) ... input
RESET input is asynchronous input. When a signal with a fixed low level width is input to the RESET pin

regardless of the operating clock, the system is reset, taking precedence over all the other operations.

This pin is used to release the standby mode (HALT, IDLE, or STOP), as well as for normal initialization/start.

(10) X1, X2 (Crystal for main clock)

These pins are used to connect the resonator that generates the system clock.

(11) XT1, XT2 (Crystal for subclock)

These pins are used to connect the resonator that generates the subclock.

(12) AVss (Ground for analog)

This is a ground pin for the A/D converter, and alternate-function ports.

(13) AVrero (Analog reference voltage) ... input
This pin supplies positive analog power to the A/D converter and alternate-function ports.

It also supplies a reference voltage to the A/D converter.

(14) EVop (Power supply for port)

This pin supplies positive power to the 1/0 ports and alternate-function pins.
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(15) EVss (Ground for port)

This is a ground pin for the 1/0 ports and alternate-function pins.

(16) Vob (Power supply)

This pin supplies positive power. Connect all the Vop pins to a positive power supply.

(17) Vss (Ground)

This is a ground pin. Connect all the Vss pins to ground.
(18) FLMDO (Flash programming mode) Input
This is a signal input pin for flash memory programming mode. Connect this pin to VSS in the normal operation

mode.

(19) REGC (Regulator control) ... input

This pin connects a capacitor for the regulator.
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2.3.2 VB50ES/FF2

(1) POO to P06 (port 0O) ... 3-state I/O
P00 to P06 function as a 7-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as NMI input, external interrupt request signal input,
timer/counter 1/O, external trigger of the A/D converter, and debug reset input.
This port can be set in the port mode or control mode in 1-bit units. The valid edge of each pin is specified by
the INTRO and INTFO registers.
An on-chip pull-up resistor can be connected to P00 to P06 by using pull-up resistor option register 0 (PUO).

(@) Port mode
P00 to P06 can be set in the input or output mode in 1-bit units, by using port mode register 0 (PMO).

(b) Control mode

0]

(i)

(iii)

(iv)

V)

(vi)

NMI (Non-maskable interrupt request) ... input
This pin inputs a non-maskable interrupt request signal.

INTPO to INTP3 (Interrupt request from peripherals) ... input
These pins input external interrupt request signals.

TIP30, TIP31 (Timer input) ... input
These pins input to timers P3 (TMP3).

TOP30, TOP31 (Timer output) ... output
These pins output from timers P3 (TMP3).

ADTRG (A/D trigger input) ... input
This pin inputs an external trigger to the A/D converter. It is controlled by using A/D converter mode
register 0 (ADAOMO).

DRST (Debug reset) ... input

This pin inputs a debug reset signal, a negative-logic signal that asynchronously initializes the on-chip
debug circuit. To deassert this signal, reset or invalidate the on-chip debug circuit. Deassert this
signal when the debug function is not used.

For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).
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(2) P30to P35, P38, P39 (port 3) ... 3-state output
P30 to P35, P38, P39 function as an 8-bit I/0O port that can be set to input or output in 1-bit units.
Besides functioning as an 1/O port, these pins operate as external interrupt request signal input, serial interface
1/0, timer/counter 1/0O, and CAN data I/O. This port can be set in the port mode or control mode in 1-bit units.
The valid edge of each pin is specified by using INTR3 and INTF3 registers.
An on-chip pull-up resistor can be connected to P30 to P35, P38, P39 by using pull-up resistor option register
3 (PU3).

(@) Port mode
P30 to P35, P38, P39 can be set in the input or output mode in 1-bit units, by using port mode register 3
(PM3).

(b) Control mode

(i) RXDAO (Receive data) ... input
These pins input the serial receive data of UARTAO.

(ii) TXDAO (Transmit data) ... output
These pins output the serial transmit data of UARTAO.

(iif) ASCKAO (Asynchronous serial clock) ... input
This pin inputs of UARTAO.

(iv) INTP7 (Interrupt request from peripherals) ... input
These pins input an external interrupt request signal.

(v) TIPOO, TIPO1, TIP10, TIP11 (Timer input) ... input
These pins input to timers PO, P1 (TMPO, TMP1).

(vi) TOPOO, TOPO1, TOP10, TOP11 (Timer output) ... output
These pins output from timers PO, P1 (TMPO, TMP1).

(vii) CRXDO (CAN receive data) ... input
These pins input the receive data of CANO.

(viii) CTXDO (CAN transmit data) ... output
These pins output the transmit data of CANO.
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(3) P40 to P42 (port 4) ... 3-state I/O
P40 to P42 function as a 3-bit I/0 port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as serial interface 1/0. This port can be set in the port
mode or control mode in 1-bit units.
An on-chip pull-up resistor can be connected to P40 to P42 by using pull-up resistor option register 4 (PU4).

(@) Port mode
P40 to P42 can be set in the input or output mode in 1-bit units, by using port mode register 4 (PM4).

(b) Control mode

(i) SIBO (Serial input) ... input
This pin inputs the serial receive data of CSIBO.

(ii) SOBO (Serial output) ... output
This pin outputs the serial transmit data of CSIBO.

(iii) SCKBO (serial clock) ... 3-state 1/0
This pin inputs/outputs the serial clock of CSIBO.
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(4) P50 to P55 (Port 5) ... 3-state I/O
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P50 to P55 function as a 6-bit I/O port that can be set to input or output in 1-bit units.

Besides functioning as an I/O port, these pins operate as an I/O port, but also as timer/counter 1/O, debug
function 1/0, and key interrupt input. This port can be set in the port mode or control mode in 1-bit units.

An on-chip pull-up resistor can be connected to P50 to P55 by using pull-up resistor option register 5 (PU5).

(@) Port mode
P50 to P55 can be set in the input or output mode in 1-bit units, by using port mode register 5 (PM5).

(b) Control mode

(i) KROto KR5 (Key return) ... input
These pins input a key interrupt. Their operation is specified by using the key return mode register
(KRM) in the input port mode.

(ii) TIQOO0, TIQO1, TIQO2, TIQO3 (Timer input) ... input
These pins input to timers Q0 (TMQO).

(iif) TOQO0, TOQO1, TOQO2, TOQO3 (Timer output) ... output
These pins output from timers Q0 (TMQO).

(iv) DDI (Debug data input) ... input
This pin inputs debug data to the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(v) DDO (Debug data output) ... output
This pin outputs debug data from the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(iv) DCK (Debug clock input) ... input
This pin inputs a debug clock to the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(vii) DMS (Debug mode select) ... input
This pin selects the debug mode of the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(5) P70to P711 (Port 7) ... 3-state I/O
P70 to P711 function as a 12-bit I/0 port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as the analog input pins of the A/D converter in the
control mode. When using this port as analog input pins, however, set the port in the input mode. At this time,
do not read the port.

(@) Port mode

P70 to P711 can be set in the input or output mode in 1-bit units, by using port mode register 7L, H (PM7L,
PM7H).
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(6)

(b) Control mode
P70 to P711 function alternately as the ANIO to ANI11 pins.

(i) ANIO to ANI11 (Analog input 0 to 11) ... input
These pins input an analog signal to the A/D converter.

P90, P91, P96 to P99, P913 to P915 (Port 9) ... 3-state I/O

P90, P91, P96 to P99, P913 to P915 function as a 9-bit I/0 port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as serial interface 1/0, timer/counter 1/O, clock output,

external interrupt request signal input, and key interrupt input. This port can be set in the port mode or control

mode in 1-bit units. The valid edge of P913 to P915 is specified by using INTF9H register.

An on-chip pull-up resistor can be connected to P90, P91, P96 to P99, P913 to P915 by using pull-up resistor

option register 9 (PU9).

(@) Port mode

P90, P91, P96 to P99, P913 to P915 can be set in the input or output mode in 1-bit units, by using port 9

mode register (PM9).
(b) Control mode

(i) SIB1 (Serial input) ... input
These pins input the serial receive data of CSIB1.

(i) SOB1 (Serial output) ... output
These pins output the serial receive data of CSIB1.

(iii) SCKB1 (Serial clock) ... 3-state 1/O
These pins input/output the serial clock of CSIB1.

(iv) RXDAL1 (Receive data) ... input
This pin inputs the serial receive data of UARTAL.

(v) TXDAL (Transmit data) ... output
This pin outputs the serial transmit data of UARTA1.

(vi) TIP20, TIP21 (Timer input) ... input
These pins input to timers P2 (TMP2).

(vii) TOP20, TOP21 (Timer output) ... output
These pins output from timers P2 (TMP2).

(viii) PCL (Clock output) ... output
This pin outputs a clock.

(ix) INTP4 to INTP6 (Interrupt request from peripherals) ... input

These pins input an external interrupt request signal.
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(x) KR6, KR7 (Key return) ... input
These pins input a key interrupt. Their operation is specified by the key return mode register (KRM) in
the input port mode.
(7) PCMO to PCM3 (port CM) ... 3-state I/O
PCMO to PCM3 function as a 4-bit I/0 port that can be set to input or output in 1-bit units.
Besides functioning as an 1/O port, and bus clock output.

(@) Port mode
PCMO to PCMS3 can be set in the input or output mode in 1-bit units, by using port mode register CM
(PMCM).

(b) Control mode

(i) CLKOUT (Clock output) ... output
This pin outputs an internally generated bus clock.

(13) PCSO, PCS1 (port CS) ... 3-state 1/0
PCSO0, PCS1 function as a 2-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an 1/O port.

(&) Port mode
PCSO0, PCS1 can be set in the input or output mode in 1-bit units, by using port mode register CS (PMCS).

(14) PCTO, PCT1, PCT4, PCT6 (port CT) ... 3-state /O
PCTO, PCT1, PCT4, PCT6 function as an 4-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an 1/O port.

(@) Port mode
PCTO, PCT1, PCT4, PCT6 can be set in the input or output mode in 1-bit units, by using port mode
register CT (PMCT).

(8) PDLO to PDL11 (port DL) ... 3-state I/O
PDLO to PDL11 function as a 12-bit I/O port that can be set to input or output in 1-bit units.
PDL5 also functions as the FLMD1 pin when the flash memory is programmed (when a high level is input to
FLDO). At this time, be sure to input a low level to the FLMD1 pin.

(@) Port mode
PDLO to PDL11 can be set in the input or output mode in 1-bit units, by using port mode register DL

(PMDL).

(9) RESET (Reset) ... input
RESET input is asynchronous input. When a signal with a fixed low level width is input to the RESET pin
regardless of the operating clock, the system is reset, taking precedence over all the other operations.

This pin is used to release the standby mode (HALT, IDLE, or STOP), as well as for normal initialization/start.

(10) X1, X2 (Crystal for main clock)

These pins are used to connect the resonator that generates the system clock.
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(11) XT1, XT2 (Crystal for subclock)

These pins are used to connect the resonator that generates the subclock.

(12) AVss (Ground for analog)

This is a ground pin for the A/D converter, and alternate-function ports.

(13) AVrero (Analog reference voltage) ... input
This pin supplies positive analog power to the A/D converter and alternate-function ports.

It also supplies a reference voltage to the A/D converter.

(14) EVop (Power supply for port)

This pin supplies positive power to the 1/0 ports and alternate-function pins.

(15) EVss (Ground for port)

This is a ground pin for the 1/0 ports and alternate-function pins.

(16) Voo (Power supply)

This pin supplies positive power. Connect all the Vop pins to a positive power supply.

(17) Vss (Ground)

This is a ground pin. Connect all the Vss pins to ground.
(18) FLMDO (Flash programming mode) Input
This is a signal input pin for flash memory programming mode. Connect this pin to VSS in the normal operation

mode.

(19) REGC (Regulator control) ... input

This pin connects a capacitor for the regulator.
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2.3.3 V850ES/FG2

(1) POO to P06 (port 0) ... 3-state I/O

78

P00 to P06 function as a 7-bit /O port that can be set to input or output in 1-bit units.

Besides functioning as an I/O port, these pins operate as NMI input, external interrupt request signal input,
timer/counter I/O, external trigger of the A/D converter, and debug reset input.

This port can be set in the port mode or control mode in 1-bit units. The valid edge of each pin is specified by
the INTRO and INTFO registers.

An on-chip pull-up resistor can be connected to P00 to P06 by using pull-up resistor option register 0 (PUO).

(@) Port mode
P00 to P06 can be set in the input or output mode in 1-bit units, by using port mode register 0 (PMO).

(b) Control mode

(i) NMI (Non-maskable interrupt request) ... input
This pin inputs a non-maskable interrupt request signal.

(ii) INTPO to INTP3 (Interrupt request from peripherals) ... input
These pins input external interrupt request signals.

(iif) TIP30, TIP31 (Timer input) ... input
These pins input an external count clock to timer P3 (TMP3).

(iv) TOP30, TOP31 (Timer output) ... output
These pins output a pulse signal from timer P3 (TMP3).

(v) ADTRG (A/D trigger input) ... input
This pin inputs an external trigger to the A/D converter. It is controlled by using A/D converter mode
register 0 (ADAOMO).

(vi) DRST (Debug reset) ... input
This pin inputs a debug reset signal, a negative-logic signal that asynchronously initializes the on-chip
debug circuit. To deassert this signal, reset or invalidate the on-chip debug circuit. Deassert this
signal when the debug function is not used.
For details, refer to CHAPTER 26 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(2) P10, P11 (port 1) ... 3-state I/O

P10 and P11 function as a 2-bit I/O port that can be set to input or output in 1-bit units.

Besides functioning as an 1/O port, these pins operate as external interrupt request signal input in the control
mode. This port can be set in the port mode or control mode in 1-bit units. The valid edge of each pin is
specified by INTR1 and INTF1 registers.

An on-chip pull-up resistor can be connected to P10 and P11 by using pull-up resistor option register 1 (PU1).

(&) Port mode
P10 and P11 can be set in the input or output mode in 1-bit units, by using port mode register 1 (PM1).
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®)

(b) Control mode

(i) INTP9, INTP10 (Interrupt request from peripherals) ... input
These pins input an external interrupt request signal.

P30 to P39 (port 3) ... 3-state I/O

P30 to P39 function as a 10-bit /O port that can be set to input or output in 1-bit units.

Besides functioning as an 1/O port, these pins operate as external interrupt request signal input, serial interface
1/0, timer/counter /O, and CAN data I/O. This port can be set in the port mode or control mode in 1-bit units.
The valid edge of each pin is specified by using INTR3 and INTF3 registers.

An on-chip pull-up resistor can be connected to P30 to P39 by using pull-up resistor option register 3 (PU3).

(@) Port mode
P30 to P39 can be set in the input or output mode in 1-bit units, by using port mode register 3 (PM3).

(b) Control mode

(i) RXDAO, RXDAZ2 (Receive data) ... input
This pin inputs the serial receive data of UARTAQ.

(i) TXDAO, TXDA2 (Transmit data) ... output
This pin outputs the serial transmit data of UARTAO.

(iii) ASCKAO (Asynchronous serial clock) ... input
This pin inputs of UARTAQ.

(iv) INTP7, INTP8 (Interrupt request from peripherals) ... input
This pin inputs an external interrupt request signal.

(v) TIPQO, TIPO1, TIP10, TIP11 (Timer input) ... input
These pins input an external count clock to timers PO, P1 (TMPO, TMP1).

(vi) TOPOO, TOPO1, TOP10, TOP11 (Timer output) ... output
These pins output a pulse signal from timers PO, P1 (TMPO, TMP1).

(vii) CRXDO0, CRXD1 (CAN receive data) ... input
These pins input the receive data of CANO and CAN1.

(viii) CTXDO, CTXD1 (CAN transmit data) ... output
These pins output the transmit data of CANO and CAN1.

(4) P40to P42 (port 4) ... 3-state I/O

P40 to P42 function as a 3-bit I/O port that can be set to input or output in 1-bit units.

Besides functioning as an I/O port, these pins operate as serial interface 1/0. This port can be set in the port
mode or control mode in 1-bit units.

An on-chip pull-up resistor can be connected to P40 to P42 by using pull-up resistor option register 4 (PU4).
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(@) Port mode
P40 to P42 can be set in the input or output mode in 1-bit units, by using port mode register 4 (PM4).

(b) Control mode

(i) SIBO (Serial input) ... input
This pin inputs the serial receive data of CSIBO.

(i) SOBO (Serial output) ... output
This pin outputs the serial transmit data of CSIBO.

(iif) SCKBO (serial clock) ... 3-state 1/0
This pin inputs/outputs the serial clock of CSIBO.

(5) P50 to P55 (Port 5) ... 3-state I/O
P50 to P55 function as a 6-bit /O port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as an I/O port, but also as timer/counter 1/O, debug
function 1/0, and key interrupt input. This port can be set in the port mode or control mode in 1-bit units.
An on-chip pull-up resistor can be connected to P50 to P55 by using pull-up resistor option register 5 (PU5).

(@) Port mode
P50 to P55 can be set in the input or output mode in 1-bit units, by using port mode register 5 (PM5).

(b) Control mode

(i) KROto KR5 (Key return) ... input
These pins input a key interrupt. Their operation is specified by using the key return mode register
(KRM) in the input port mode.

(i) TIQOO, TIQO1, TIQO2, TIQO3 (Timer input) ... input
These pins input an external count clock to timer Q0 (TMQO).

(iii) TOQOO0, TOQO1, TOQO2, TOQO3 (Timer output) ... output
These pins output a pulse signal from timer Q0 (TMQO).

(iv) DDI (Debug data input) ... input
This pin inputs debug data to the on-chip debug circuit.
For details, refer to CHAPTER 26 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(v) DDO (Debug data output) ... output
This pin outputs debug data from the on-chip debug circuit.
For details, refer to CHAPTER 26 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(iv) DCK (Debug clock input) ... input

This pin inputs a debug clock to the on-chip debug circuit.
For details, refer to CHAPTER 26 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).
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(6)
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(vii) DMS (Debug mode select) ... input
This pin selects the debug mode of the on-chip debug circuit.
For details, refer to CHAPTER 26 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

P70 to P715 (Port 7) ... 3-state I/0O

P70 to P715 function as a 16-bit I/O port that can be set to input or output in 1-bit units.

Besides functioning as an I/O port, these pins operate as the analog input pins of the A/D converter in the
control mode. When using this port as analog input pins, however, set the port in the input mode. At this time,
do not read the port.

(@) Port mode
P70 to P715 can be set in the input or output mode in 1-bit units, by using port mode register 7L, H (PM7L,
PM7H).

(b) Control mode
P70 to P715 function alternately as the ANIO to ANI15 pins.

(i) ANIO to ANI15 (Analog input 0 to 15) ... input
These pins input an analog signal to the A/D converter.

P90 to P915 (Port 9) ... 3-state I/O

P90 to P915 function as a 16-bit I/O port that can be set to input or output in 1-bit units.

Besides functioning as an I/O port, these pins operate as serial interface 1/0, timer/counter 1/O, clock output,
external interrupt request signal input, and key interrupt input. This port can be set in the port mode or control
mode in 1-bit units. The valid edge of P913 to P915 is specified by using INTR9H and INTF9H registers.

An on-chip pull-up resistor can be connected to P90 to P915 by using pull-up resistor option register 9 (PU9).

(@) Port mode
P90 to P915 can be set in the input or output mode in 1-bit units, by using port mode register 9 (PM9).

(b) Control mode

(i) SIB1 (Serial input) ... input
This pin inputs the serial receive data of CSIB1.

(i) SOB1 (Serial output) ... output
This pin outputs the serial receive data of CSIB1.

(iii) SCKB1 (Serial clock) ... 3-state 1/O
This pin inputs/outputs the serial clock of CSIB1.

(iv) RXDAL1 (Receive data) ... input
This pin inputs the serial receive data of UARTAL.

(v) TXDAL (Transmit data) ... output
This pin outputs the serial transmit data of UARTA1.
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(vi) TIP20, TIP21 (Timer input) ... input
These pins input timers P2 (TMP2).

(vii) TOP20, TOP21 (Timer output) ... output
These pins output a pulse signal from timers P2 (TMP2).

(viii) TIQ10, TIQ11, TIQ12, TIQ13 (Timer input) ... input
These pins input to timers Q1 (TMQ1), respectively.

(ix) TOQ10, TOQ11, TOQ12, TOQ13 (Timer output) ... output
These pins output a pulse signal from timers Q1 (TMQL1), respectively.

(x) PCL (Clock output) ... output
This pin outputs a clock.

(xi) INTP4 to INTP6 (Interrupt request from peripherals) ... input
These pins input an external interrupt request signal.

(xii) KR6, KR7 (Key return) ... input
These pins input a key interrupt. Their operation is specified by key return mode register (KRM) in the
input port mode.

PCMO to PCM3 (port CM) ... 3-state I/O
PCMO0 to PCM3 function as a 4-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an 1/O port, these pins operate as bus clock output.

(&) Port mode
PCMO to PCMS3 can be set in the input or output mode in 1-bit units, by using port mode register CM
(PMCM).

(b) Control mode

(i) CLKOUT (Clock output) ... output
This pin outputs an internally generated bus clock.

PCSO0, PCS1 (Port CS) ... 3-state 1/0O
PCSO0 and PCS1 function as a 2-bit I/O port that can be set to input or output in 1-bit units.

(&) Port mode
PCS0 and PCS1 can be set in the input or output mode in 1-bit units, by using port mode register CS
(PMCS).

(10) PCTO, PCT1, PCT4, PCT6 (Port CT) ... 3-state /O

PCTO, PCT1, PCT4, and PCT6 function as a 4-bit /0O port that can be set to input or output in 1-bit units.
(@) Port mode
PCTO, PCT1, PCT4, and PCT6 can be set in the input or output mode in 1-bit units, by using port mode

register CT (PMCT).
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(11) PDLO to PDL13 (port DL) ... 3-state I/O
PDLO to PDL13 function as a 14-bit I/0O port that can be set to input or output in 1-bit units.
PDL5 also functions as the FLMD1 pin when the flash memory is programmed (when a high level is input to
FLMDO). At this time, be sure to input a low level to the FLMD1 pin.

(@) Port mode
PDLO to PDL13 can be set in the input or output mode in 1-bit units, by using port mode register DL
(PMDL).

(lZ)ﬁ (Reset) ... input
RESET input is asynchronous input. When a signal with a fixed low level width is input to the RESET pin
regardless of the operating clock, the system is reset, taking precedence over all the other operations.
This pin is used to release the standby mode (HALT, IDLE, or STOP), as well as for normal initialization/start.

(13) X1, X2 (Crystal for main clock)
These pins are used to connect the resonator that generates the system clock.

(14) XT1, XT2 (Crystal for subclock)
These pins are used to connect the resonator that generates the subclock.

(15) AVss (Ground for analog)
This is a ground pin for the A/D converter, and alternate-function ports.

(16) AVrero (Analog reference voltage) ... input
This pin supplies positive analog power to the A/D converter and alternate-function ports.
It also supplies a reference voltage to the A/D converter.

(17) EVop (Power supply for port)
This pin supplies positive power to the 1/0 ports and alternate-function pins.

(18) EVss (Ground for port)
This is a ground pin for the 1/0 ports and alternate-function pins.

(19) Voo (Power supply)
This pin supplies positive power. Connect all the Vop pins to a positive power supply.

(20) Vss (Ground)
This is a ground pin. Connect all the Vss pins to ground.

(21) FLMDO (Flash programming mode) Input
This is a signal input pin for flash memory programming mode. Connect this pin to VSS in the normal operation

mode.

(22) BVoo (Power supply for port)
This pin supplies positive power to the 1/O ports and alternate-function pins.

(23) BVss (Ground for port)
This is a ground pin for the 1/0 ports and alternate-function pins.

(24) REGC (Regulator control) ... input
This pin connects a capacitor for the regulator.
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2.3.4 V850ES/FJ2

(1) POO to P06 (port 0) ... 3-state I/O
P00 to P06 function as a 7-bit /O port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as NMI input, external interrupt request signal input,
timer/counter I/O, external trigger of the A/D converter, and debug reset input.
This port can be set in the port mode or control mode in 1-bit units. The valid edge of each pin is specified by
the INTRO and INTFO registers.
An on-chip pull-up resistor can be connected to P00 to P06 by using pull-up resistor option register 0 (PUO).

(@) Port mode
P00 to P06 can be set in the input or output mode in 1-bit units, by using port mode register 0 (PMO).

(b) Control mode

0]

(i)

(iii)

(iv)

v)

(vi)

84

NMI (Non-maskable interrupt request) ... input
This pin inputs a non-maskable interrupt request signal.

INTPO to INTP3 (Interrupt request from peripherals) ... input
These pins input external interrupt request signals.

TIP30, TIP31 (Timer input) ... input
These pins input to timers P3 (TMP3).

TOP30, TOP31 (Timer output) ... output
These pins output from timers P3 (TMP3).

ADTRG (A/D trigger input) ... input
This pin inputs an external trigger to the A/D converter. It is controlled by using A/D converter mode
register 0 (ADAOMO).

DRST (Debug reset) ... input

This pin inputs a debug reset signal, a negative-logic signal that asynchronously initializes the on-chip
debug circuit. To deassert this signal, reset or invalidate the on-chip debug circuit. Deassert this
signal when the debug function is not used.

For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).
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P10, P11 (port 1) ... 3-state /O

P10 and P11 function as a 2-bit I/0 port that can be set to input or output in 1-bit units.

Besides functioning as an I/O port, these pins operate as external interrupt request input in the control mode.
This port can be set in the port mode or control mode in 1-bit units. The valid edge of each pin is specified by
INTR1 and INTF1 registers.

An on-chip pull-up resistor can be connected to P10 and P11 by using pull-up resistor option register 1 (PU1).

(@) Port mode
P10 and P11 can be set in the input or output mode in 1-bit units, by using port mode register 1 (PM1).

(b) Control mode

(i) INTP9, INTP10 (Interrupt request from peripherals) ... input
These pins input an external interrupt request signal.

P30 to P39 (port 3) ... 3-state output

P30 to P39 function as a 10-bit I/O port that can be set to input or output in 1-bit units.

Besides functioning as an I/O port, these pins operate as external interrupt request signal input, serial interface
1/0, timer/counter 1/O, and CAN data I/O. This port can be set in the port mode or control mode in 1-bit units.
The valid edge of each pin is specified by using INTR3 and INTF3 registers.

An on-chip pull-up resistor can be connected to P30 to P39 by using pull-up resistor option register 3 (PU3).

(@) Port mode
P30 to P39 can be set in the input or output mode in 1-bit units, by using port mode register 3 (PM3).

(b) Control mode

(i) RXDAO, RXDA2 (Receive data) ... input
These pins input the serial receive data of UARTAO and UARTA2.

(ii) TXDAO, TXDA2 (Transmit data) ... output
These pins output the serial transmit data of UARTAO and UARTAZ2.

(iii) ASCKAO (Asynchronous serial clock) ... input
This pin inputs of UARTAO.

(iv) INTP7, INTP8 (Interrupt request from peripherals) ... input
These pins input an external interrupt request signal.

(v) TIPOO, TIPO1, TIP10, TIP11 (Timer input) ... input
These pins input to timers PO and P1 (TMPO, TMP1).

(vi) TOPOO, TOPO1, TOP10, TOP11 (Timer output) ... output
These pins output from timers PO and P1 (TMPO, TMP1).

(vii) CRXDO, CRXD1 (CAN receive data) ... input
These pins input the receive data of CANO and CAN1.
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(4)

®)

86

(viii) CTXDO, CTXD1 (CAN transmit data) ... output
These pins output the transmit data of CANO and CANL1.

P40 to P42 (port 4) ... 3-state I/O

P40 to P42 function as a 3-bit I/O port that can be set to input or output in 1-bit units.

Besides functioning as an 1/O port, these pins operate as serial interface I/O. This port can be set in the port
mode or control mode in 1-bit units.

An on-chip pull-up resistor can be connected to P40 to P42 by using pull-up resistor option register 4 (PU4).

(@) Port mode
P40 to P42 can be set in the input or output mode in 1-bit units, by using port mode register 4 (PM4).

(b) Control mode

(i) SIBO (Serial input) ... input
This pin inputs the serial receive data of CSIBO.

(i) SOBO (Serial output) ... output
This pin outputs the serial transmit data of CSIBO.

(iii) SCKBO (serial clock) ... 3-state I/O
This pin inputs/outputs the serial clock of CSIBO.

P50 to P55 (Port 5) ... 3-state I/O

P50 to P55 function as a 6-bit /O port that can be set to input or output in 1-bit units.

Besides functioning as an I/O port, these pins operate as an I/O port, but also as timer/counter 1/O, debug
function 1/0, and key interrupt input. This port can be set in the port mode or control mode in 1-bit units.

An on-chip pull-up resistor can be connected to P50 to P55 by using pull-up resistor option register 5 (PU5).

(@) Port mode
P50 to P55 can be set in the input or output mode in 1-bit units, by using port mode register 5 (PM5).

(b) Control mode
(i) KROto KR5 (Key return) ... input
These pins input a key interrupt. Their operation is specified by using the key return mode register

(KRM) in the input port mode.

(i) TIQOO, TIQO1, TIQO2, TIQO3 (Timer input) ... input
These pins input to timers Q0 (TMQO).

(iii) TOQOO0, TOQO1, TOQO2, TOQO3 (Timer output) ... output
These pins output from timers QO (TMQO).

(iv) DDI (Debug data input) ... input

This pin inputs debug data to the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).
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(v) DDO (Debug data output) ... output
This pin outputs debug data from the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(iv) DCK (Debug clock input) ... input
This pin inputs a debug clock to the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(vii) DMS (Debug mode select) ... input
This pin selects the debug mode of the on-chip debug circuit.
For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

(6) P60 to P615 ... 3-state I/O
P60 to P615 function as a 16-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an 1/O port, these pins operate as external interrupt request signal input, timer/counter
1/0, and CAN data I/O. P60 to P62 can be set in the port mode or control mode in 1-bit units. The valid edge
of each pin is specified by INTR6L and INTF6L registers.

(@) Port mode
P60 to P65 can be set in the input or output mode in 1-bit units, by using port mode register 6 (PM6).

(b) Control mode

(i) INTP11to INTP13 (Interrupt request from peripherals) ... input
These pins input an external interrupt request signal.

(i) TIQ20, TIQ21, TIQ22, TIQ23 (Timer input) ... input
These pins input to timers Q2 (TMQ2).

(iif) TOQ20, TOQ21, TOQ22, TOQ23 (Timer output) ... input
These pins output from timers Q2 (TMQ?2).

(iv) CRXD2, CRXD3 (CAN receive data)™* ... input
These pins input the receive data of CAN2 and CAN3.

(v) CTXD2, CTXD3 (CAN transmit data)"" ... output
These pins output the transmit data of CAN2 and CANS3.

Note In the #/PD70F3237, the alternate functions of the P65 to P68 pins (CTXD2, CRXD2, CTXD3, and
CRXD3) are not available.

(7) P70to P715 (Port 7) ... 3-state I/0
P70 to P715 function as a 16-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as the analog input pins of the A/D converter in the
control mode. When using this port as analog input pins, however, set the port in the input mode. At this time,
do not read the port.
(@) Port mode
P70 to P715 can be set in the input or output mode in 1-bit units, by using port mode register 7L, H (PM7L,
PM7H).
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(b) Control mode
P70 to P715 function alternately as the ANIO to ANI15 pins.

(i) ANIO to ANI15 (Analog input 0 to 15) ... input
These pins input an analog signal to the A/D converter.

P80 and P81 (port 8) ... 3-state I/O

P80 and P81 function as a 2-bit I/0 port that can be set to input or output in 1-bit units.

Besides functioning as an 1/O port, these pins operate as external interrupt request signal input, and serial
interface 1/0. P80 and P81 can be set in the port mode or control mode in 1-bit units. The valid edge of each
pin is specified by INTR8 and INTF8 registers.

An on-chip pull-up resistor can be connected to P80 and P81 by using pull-up resistor option register 8 (PU8).

(@) Port mode
P80 and P81 can be set in the input or output mode in 1-bit units, by using port mode register 8 (PM8).

(b) Control mode

(i) INTP14 (Interrupt request from peripherals) ... input
This pin inputs an external interrupt request signal.

(i) RXDA3 (Receive data)"® ... input
This pin inputs the serial receive data of UARTAS.

(iii) TXDA3 (Transmit data)"* ... output
This pin outputs the serial transmit data of UARTAS.

Note Inthe xPD70F3237, the alternate functions of the P80 and P81 pins (RXDA3 and TXDAS3) are
not available. The alternate function of the P80 pin in the xPD70F3237 is INTP14 only.

P90 to P915 (Port 9) ... 3-state /O

P90 to P915 function as a 16-bit I/O port that can be set to input or output in 1-bit units.

Besides functioning as an I/O port, these pins operate as serial interface 1/0, timer/counter I/O, clock output,
external interrupt request signal input, and key interrupt input. This port can be set in the port mode or control
mode in 1-bit units. The valid edge of P913 to P915 is specified by using INTF9H register.

An on-chip pull-up resistor can be connected to P90 to P915 by using pull-up resistor option register 9 (PU9).

(@) Port mode
P90 to P915 can be set in the input or output mode in 1-bit units, by using port 9 mode register (PM9).

(b) Control mode

(i) SIB1, SIB2 (Serial input) ... input
These pins input the serial receive data of CSIB1 and CSIB2.

(i) SOB1, SOB2 (Serial output) ... output
These pins output the serial receive data of CSIB1 and CSIB2.
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(iii) SCKB1, SCKB2 (Serial clock) ... 3-state I/O
These pins input/output the serial clock of CSIB1 and CSIB2.

(iv) RXDA1 (Receive data) ... input
This pin inputs the serial receive data of UARTA1.

(v) TXDAL1 (Transmit data) ... output
This pin outputs the serial transmit data of UARTAL.

(vi) TIP20, TIP21 (Timer input) ... input
These pins input timers P2 (TMP2).

(vii) TOP20, TOP21 (Timer output) ... output
These pins output from timers P2 (TMP2).

(viii) TIQ10, TIQ11, TIQ12, TIQ13 (Timer input) ... input
These pins input an external count clock to timers Q1.

(ix) TOQ10, TOQ11, TOQ12, TOQ13 (Timer output) ... output
These pins output a pulse signal from timers Q1.

(x) PCL (Clock output) ... output
This pin outputs a clock.

(xi) INTP4 to INTP6 (Interrupt request from peripherals) ... input
These pins input an external interrupt request signal.

(xii) KR6, KR7 (Key return) ... input
These pins input a key interrupt. Their operation is specified by the key return mode register (KRM) in
the input port mode.

(10) P120 to P127 (Port 12) ... 3-state I/O
P120 to P127 function as an 8-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as the analog input pins of the A/D converter in the
control mode. When using this port as analog input pins, however, set the port in the input mode. At this time,
do not read the port.

(@) Port mode
P120 to P127 can be set in the input or output mode in 1-bit units, by using port mode register 12 (PM12).

(b) Control mode
P120 to P127 function alternately as the ANI16 to ANI23 pins.

(i) ANI16 to ANI23 (Analog input 16 to 23) ... input
These pins input an analog signal to the A/D converter.
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(11) PCDO to PCD3 (port CD) ... 3-state I/O
PCDO to PCD3 function as a 4-bit I/O port that can be set to input or output in 1-bit units.

(@) Port mode
PCDO to PCD3 can be set in the input or output mode in 1-bit units, by using port mode register CD
(PMCD).

(12) PCMO to PCMS5 (port CM) ... 3-state I/O
PCMO to PCMS5 function as a 6-bit 1/0 port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as bus hold control signal I/O, bus clock output, and a
control signal that inserts a wait cycle in the bus cycle (WAIT), in the control mode.

(@) Port mode
PCMO to PCM5 can be set in the input or output mode in 1-bit units, by using port mode register CM
(PMCM).

(b) Control mode

(i) HLDAK (Hold acknowledge) ... output
This pin outputs an acknowledge signal that indicates that the V850ES/FJ2 has placed the address
bus, data bus, and control bus in a high-impedance state in response to a bus hold request.
While this signal is active, the address bus, data bus, and control bus go into a high-impedance state.

(i) HLDRQ (Hold request) ... input
An external device uses this input pin to request the V850ES/FJ2 to release the address bus, data
bus, and control bus. A signal can be input to this pin asynchronously to CLKOUT. When this pin is
asserted, the V850ES/FJ2 places the address bus, data bus, and control bus in a high-impedance
state after completion of a bus cycle under execution, if any, or immediately if no such bus cycle is
under execution. The V850ES/FJ2 then asserts the HLDAK signal and releases the buses.

(iif) CLKOUT (Clock output) ... output
This pin outputs an internally generated bus clock.

(iv) WAIT (Wait) ... input
This is a control signal input pin that inserts a data wait state in the bus cycle. A signal can be input to
this pin asynchronously to the CLKOUT signal. The signal input to this pin is sampled at the falling
edge of the CLKOUT signal in the T2 and TW states of the bus cycle in the multiplexed mode. No wait
state may be inserted if the setup/hold time of the sampling timing is not satisfied.
The wait function is set to on or off by port mode control register CM (PMCCM).

(13) PCSO to PCS7 (port CS) ... 3-state I/O

PCSO0 to PCS7 function as an 8-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an 1/O port, these pins operate as chip select signal output in the control mode.
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(@) Port mode
PCSO0 to PCS7 can be set in the input or output mode in 1-bit units, by using port mode register CS
(PMCS).

(b) Control mode

(i) CSO0 to CS3 (Chip select input) ... output
These pins output a chip select signal to external memory and external peripheral 1/0.
The CSn signal is assigned to memory block n (n = 0 to 3).
This signal is asserted while a bus cycle for accessing the corresponding memory block is being
executed.
This signal is deasserted in the idle state (TI).

(14) PCTO to PCT7 (port CT) ... 3-state /O
PCTO to PCT7 function as an 8-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an /O port, these pins operate as control signal output in the control mode when
memory is externally expanded.

(@) Port mode
PCTO to PCT7 can be set in the input or output mode in 1-bit units, by using port mode register CT
(PMCT).

(b) Control mode

(i) WRO (Lower byte write strobe) ... output
This pin outputs the write strobe signal of the lower data of the external 16-bit data bus.

(ii) WR1 (Upper byte write strobe) ... output
This pin outputs the write strobe signal of the higher data of the external 16-bit data bus.

(iii) RD (Read strobe) ... output
This pin outputs the read strobe signal of the external 16-bit data bus.

(iv) ASTB (Address strobe) ... output
This pin outputs the latch strobe signal of the external address bus. The signal output from this pin
goes low at the falling edge of the T1 state of the bus cycle, and goes high at the falling edge of the
T3 state. It goes high while the bus cycle is not active.

(15) PDLO to PDL15 (port DL) ... 3-state 1/O
PDLO to PDL15 function as a 16-bit I/O port that can be set to input or output in 1-bit units.
Besides functioning as an I/O port, these pins operate as a time-division address/data bus (ADO to AD15)
when the memory is externally expanded.
PDL5/ADS also functions as the FLMD1 pin when the flash memory is programmed (when a high level is input
to FLDO). At this time, be sure to input a low level to the FLMD1 pin.

(@) Port mode
PDLO to PDL15 can be set in the input or output mode in 1-bit units, by using port mode register DL

(PMDL).
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(b) Control mode

(i) ADOto AD15 (Address/Data Bus 0to 15) ... 3-state I/O

This is a multiplexed address/data bus for external access.

(16) RESET (Reset) ... input
RESET input is asynchronous input. When a signal with a fixed low level width is input to the RESET pin
regardless of the operating clock, the system is reset, taking precedence over all the other operations.

This pin is used to release the standby mode (HALT, IDLE, or STOP), as well as for normal initialization/start.

(17) X1, X2 (Crystal for main clock)

These pins are used to connect the resonator that generates the system clock.

(18) XT1, XT2 (Crystal for subclock)

These pins are used to connect the resonator that generates the subclock.

(19) AVss (Ground for analog)

This is a ground pin for the A/D converter, and alternate-function ports.

(20) AVrero (Analog reference voltage) ... input
This pin supplies positive analog power to the A/D converter and alternate-function ports.

It also supplies a reference voltage to the A/D converter.

(21) EVop (Power supply for port)

This pin supplies positive power to the 1/O ports and alternate-function pins.

(22) EVss (Ground for port)

This is a ground pin for the 1/0 ports and alternate-function pins.

(23) Vob (Power supply)

This pin supplies positive power. Connect all the Voo pins to a positive power supply.

(24) Vss (Ground)

This is a ground pin. Connect all the Vss pins to ground.
(25) FLMDO (Flash programming mode) Input
This is a signal input pin for flash memory programming mode. Connect this pin to VSS in the normal operation

mode.

(26) BVop (Power supply for port)

This pin supplies positive power to the 1/0 ports and alternate-function pins.

User's Manual U17830EE1VOUMO0



CHAPTER 2 PIN FUNCTIONS

(27) BVss (Ground for port)

This is a ground pin for the 1/O ports and alternate-function pins.

(28) REGC (Regulator control) ... input

This pin connects a capacitor for the regulator.
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2.4  Pin /O Circuit Types and Recommended Connection of Unused Pins

241  VB50ES/FE2

P52/KR2/TIQ03/TOQ03/DDI

P53/KR3/TIQ00/TOQ00/DDO

P54/KR4/DCK

P55/KR5/DMS

(1/2)
Pin I/O Circuit Recommended Connection
Type

POO/TIP31/TOP31 5-W Input:  Independently connect to EVoo or EVss via a resistor
P0O1/TIP30/TOP30 Output: Leave open
PO2/NMI
PO3/INTPO/ADTRG
PO4/INTP1
POS/INTP2/DRST 5-AF Input:  Independently connect to EVss

Output: Leave open
PO6/INTP3 5-W Input:  Independently connect to EVoo or EVss via a resistor

Output: Leave open
P30/TXDAO 5-A Input:  Independently connect to EVop or EVss via a resistor
P31/RXDAO/INTP7 5-W Output: Leave open
P32/ASCKAO/TIPOO/TOP00/ TOPO1
P33/TIP01/TOP01/CTXD0O
P34/TIP10/TOP10/CRXDO0O
P35/TIP11/TOP11
P40/S1BO 5-W Input:  Independently connect to EVoo or EVss via a resistor
P41/SOB0O 5-A Output: Leave open
P42/SCKBO 5-W
P50/KR0O/TIQ01/TOQO1 5-W Input:  Independently connect to EVoo or EVss via a resistor
P51/KR1/TIQ02/TOQ02 Output: Leave open
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(2/12)
Pin 1/0 Circuit Recommended Connection
Type
P70/ANIO to P79/ANI9 11-6 Input:  Independently connect to AVrero or AVss via a resistor
Output: Leave open
POO/KRE/TXDAL S-W Input:  Independently connect to EVoo or EVss via a resistor
P91/KR7/RXDA1 Output: Leave open
P96/TIP21/TOP21
P97/SIB1/TIP20/TOP20
P98/SOB1 5-A
P99/SCKB1 5-W
PO13/INTP4/PCL 5-W Input:  Independently connect to EVoo or EVss via a resistor
P914/INTP5 Output: Leave open
P915/INTP6
PCMO 5 Input:  Independently connect to EVoo or EVss via a resistor
PCM1/CLKOUT Output: Leave open
PDLO to PDL4 5 Input:  Independently connect to EVoo or EVss via a resistor
PDL5/FLMD1 Output: Leave open
PDL6, PDL7
AVREeFo - Directly connect to Voo
AVss - -
FLMDO"™"*® - Directly connect to Vss
REGC - -
RESET 2 -
X1 - -
X2 - -
XT1 16 Connect to Vss via a resistor
XT2 16 Leave open
Voo - -
Vss - -
EVop - -
EVss - -

Note If noise that exceeds the noise elimination width is input to the RESET pin during self programming, the

flash on-board mode may be entered depending on the capacitance charge end timing when a capacitor is

connected to the FLMDO pin. Therefore, do not connect a capacitor to the FLMDO pin.
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2.4.2 V850ES/FF2

P52/KR2/TIQ03/TOQ03/DDI

P53/KR3/TIQ00/TOQ00/DDO

P54/KR4/DCK

P55/KR5/DMS

(1/2)
Pin I/O Circuit Recommended Connection
Type

POO/TIP31/TOP31 5-W Input:  Independently connect to EVob or EVss via a resistor
PO1/TIP30/TOP30 Output: Leave open
PO2/NMI
PO3/INTPO/ADTRG
PO4/INTP1
PO5/INTP2/DRST 5-AF Input:  Independently connect to EVss

Output: Leave open
POG/INTP3 5-W Input:  Independently connect to EVob or EVss via a resistor

Output: Leave open
P30/TXDAO 5-A Input:  Independently connect to EVoo or EVss via a resistor
P31/RXDAO/INTP7 5-W Output: Leave open
P32/ASCKAO/TIPO0/TOP0O0/ TOPO1
P33/TIPO1/TOP01/CTXDO
P34/TIP10/TOP10/CRXDO0O
P35/TIP11/TOP11
P38 5-A
P39 5-W
P40/SIBO 5-W Input:  Independently connect to EVop or EVss via a resistor
P41/SOBO 5-A Output: Leave open
P42/SCKBO 5-W
P50/KR0/TIQ01/TOQO1 5-W Input:  Independently connect to EVoo or EVss via a resistor
P51/KR1/T1Q02/TOQ02 Output: Leave open
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(2/12)
Pin 1/0 Circuit Recommended Connection
Type

P70/ANIO to P711/ANI11 11-G6 Input:  Independently connect to AVrero or AVss via a resistor
Output: Leave open

P90/KR6/TXDAL 5-W Input:  Independently connect to EVop or EVss via a resistor

P91/KR7/RXDA1 Output: Leave open

P96/TIP21/TOP21

P97/SIB1/TIP20/TOP20

P98/SOB1 5-A

P99/SCKB1 5-wW

P913/INTP4/PCL 5-W Input:  Independently connect to EVoo or EVss via a resistor

P914/INTP5 Output: Leave open

P915/INTP6

PCMO 5 Input:  Independently connect to EVoo or EVss via a resistor

PCM1/CLKOUT Output: Leave open

PCM2, PCM3

PCS0, PCS1 5 Input:  Independently connect to EVop or EVss via a resistor
Output: Leave open

PCTO. PCT1, PCT4, PCT6 5 Input:  Independently connect to EVoo or EVss via a resistor
Output: Leave open

PDLO to PDL4 5 Input:  Independently connect to EVoo or EVss via a resistor

PDL5/FLMD1 Output: Leave open

PDL6 to PDL11

AVREeFo - Directly connect to Voo

AVss - -

FLMDO"™"*® - Directly connect to Vss

REGC - -

RESET 2 -

X1 - -

X2 - -

XT1 16 Connect to Vss via a resistor

XT2 16 Leave open

Voo - -

Vss - -

EVop - -

EVss - -

Note If noise that exceeds the noise elimination width is input to the RESET pin during self programming, the
flash on-board mode may be entered depending on the capacitance charge end timing when a capacitor is

connected to the FLMDO pin. Therefore, do not connect a capacitor to the FLMDO pin.
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2.4.3 V850ES/FG2
(1/2)
Pin I/O Circuit Recommended Connection
Type

POO/TIP31/TOP31 5-W Input:  Independently connect to EVob or EVss via a resistor
PO1/TIP30/TOP30 Output: Leave open
PO2/NMI
PO3/INTPO/ADTRG
PO4/INTP1
POS/INTP2/DRST 5-AF Input:  Independently connect to EVss via a resistor

Output: Leave open
PO6/INTP3 5-wW Input:  Independently connect to EVoo or EVss via a resistor

Output: Leave open
P10/INTP9 5-wW Input:  Independently connect to EVoo or EVss via a resistor
P11/INTP10 Output: Leave open
P30/TXDAO 5-A Input:  Independently connect to EVob or EVss via a resistor
P31/RXDAO/INTP7 5-W Output: Leave open
P32/ASCKAOQ/TIPOO/TOP00/TOPO1
P33/TIPO1/TOPO1/CTXDO
P34/TIP10/TOP10/CRXDO0O
P35/TIP11/TOP11
P36/CTXD1 5-A
P37/CRXD1 5-W
P38/TXDA2 5-A
P39/RXDA2/INTP8 5-w
P40/SIBO 5-w Input:  Independently connect to EVoo or EVss via a resistor
P41/SOB0O 5-A Output: Leave open
P42/SCKBO 5-W
P50/KRO/TIQ01/TOQO1 Input:  Independently connect to EVop or EVss via a resistor
P51/KR1/TIQ02/TOQ02 Output: Leave open
P52/KR2/TIQ03/TOQ03/DDI
P53/KR3/TIQ00/TOQ00/DDO
P54/KR4/DCK
P55/KR5/DMS
P70/ANIO to P711/ANI11 11-G Input:  Independently connect to AVrero or AVss via a resistor
P712/ANI12 to P715/ANI15 Output: Leave open
PY0/KR6/TXDAL 5-W Input:  Independently connect to EVoo or EVss via a resistor
P91/KR7/RXDA1 Output: Leave open

P92/TIQ11/TOQ11

P93/TIQ12/TOQ12

PO4/TIQ13/TOQ13

P95/TIQ10/TOQ10
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2/2)

Pin

1/0O Circuit
Type

Recommended Connection

P96/TIP21/TOP21

P97/SIB1/TIP20/TOP20

5-wW

P98/SOB1

5-A

P99/SCKB1

5-w

P910

P911

P912

5-A

P913/INTP4/PCL

P914/INTP5

P915/INTP6

Input:  Independently connect to EVoo or EVss via a resistor

Output: Leave open

PCMO

PCM1/CLKOUT

PCM2, PCM3

Input:  Independently connect to BVoo or BVss via a resistor

Output: Leave open

PCSO0, PCS1

Input:  Independently connect to BVoo or BVss via a resistor

Output: Leave open

PCTO, PCT1, PCT4,
PCT6

Input:  Independently connect to BVoo or BVss via a resistor

Output: Leave open

PDLO to PDL4

PDL5/ FLMD1

PDL6 to AD13

Input:  Independently connect to BVoo or BVss via a resistor

Output: Leave open

AVRerFo

Directly connect to Voo

AVss

FLMDO""*

Directly connect to Vss

REGC

RESET

X1

16

Connect to Vss via a resistor

16

Leave open

BVop

BVss

EVop

EVss

Note If noise that exceeds the noise elimination width is input to the RESET pin during self programming, the
flash on-board mode may be entered depending on the capacitance charge end timing when a capacitor is

connected to the FLMDO pin. Therefore, do not connect a capacitor to the FLMDO pin.
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2.44 V850ES/FJ2

P52/KR2/TIQ03/TOQ03/DDI

P53/KR3/TIQ00/TOQ00/DDO

P54/KR4/DCK

P55/KR5/DMS

(1/4)
Pin I/O Circuit Recommended Connection
Type

POO/TIP31/TOP31 5-W Input:  Independently connect to EVob or EVss via a resistor
PO1/TIP30/TOP30 Output: Leave open
PO2/NMI
PO3/INTPO/ADTRG
PO4/INTP1
PO5/INTP2/DRST 5-AF Input:  Independently connect to EVss

Output: Leave open
POG/INTP3 5-W Input:  Independently connect to EVob or EVss via a resistor

Output: Leave open
P10/INTP9 5-W Input:  Independently connect to EVoo or EVss via a resistor
P11/INTP10 Output: Leave open
P30/TXDAO 5-A Input:  Independently connect to EVoo or EVss via a resistor
P31/RXDAO/INTP7 5-W Output: Leave open
P32/ASCKAO/TIPOO/TOPO0/ TOPO1
P33/TIPO1/TOP01/CTXDO
P34/TIP10/TOP10/CRXDO0O
P35/TIP11/TOP11
P36/CTXD1 5-A
P37/CRXD1 5-W
P38/TXDA2™" 5-A
P39/RXDA2/INTP8" " 5-W
P40/SIBO 5-wW Input:  Independently connect to EVoo or EVss via a resistor
P41/SOBO 5-A Output: Leave open
P42/SCKBO 5-W
P50/KRO/TIQ01/TOQO1 5-W Input:  Independently connect to EVoo or EVss via a resistor
P51/KR1/TIQ02/TOQ02 Output: Leave open
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(2/14)
Pin I/0 Circuit Recommended Connection
Type
PEO/INTP11 S-W Input:  Independently connect to EVoo or EVss via a resistor
P61/INTP12 Output: Leave open
P62/INTP13
P63 5-A
P64
P65/CTXD2""
P66/CRXD2""" 5-W
P67/CTXD3""* 5-A
P68/CRXD3""" 5-W
P69 5-A
P610/TIQ20/TOQ20 5-W
P611/TIQ21/TOQ21
P612/T1Q22/TOQ22
P613/T1Q23/TOQ23
P614 5-A
P615
P70/ANIO to P79/ANI9 11-6 Input:  Independently connect to AVrero Or AVss via a resistor
P710/ANI10, P11/ANI11 Output: Leave open
P712/ANI12 to P715/ANI15
P80/RXDA3/INTP14™" S-W Input:  Independently connect to EVop or EVss via a resistor
P81/TXDA3"** 5-A Output: Leave open
PY0/KR6/TXDAL S-W Input:  Independently connect to EVoo or EVss via a resistor
P91/KR7/RXDA1 Output: Leave open

P92/TIQ11/TOQ11

P93/TIQ12/TOQ12

P94/TIQ13/TOQ13

PY5/TIQ10/TOQ10

P96/TIP21/TOP21

P97/SIB1/TIP20/TOP20

P98/SOB1 5-A
P99/SCKB1 5-W
P910/SIB2

P911/SOB2 5-A
P912/SCKB2 5-W

Notes 1. In the xPD70F3237, the alternate functions of the P65 to P68 pins (CTXD2, CRXD2, CTXDS3, and
CRXD3) are not available.
2. In the xPD70F3237, the alternate functions of the P80 and P81 pins (RXDA3 and TXDAS3) are not
available.
The alternate function of the P80 pin in the xPD70F3237 is only INTP14.
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Pin 1/O Circuit Recommended Connection
Type

P913/INTP4/PCL 5>-W Input:  Independently connect to EVoo or EVss via a resistor

P914/INTP5 Output: Leave open

P915/INTP6

P120/ANI16 to P127/ANI23 11-G Input:  Independently connect to AVrero or AVss via a resistor
Output: Leave open

PCDO to PCD3 5 Input:  Independently connect to BVoo or BVss via a resistor
Output: Leave open

PCMO/WAIT 5 Input:  Independently connect to BVop or BVss via a resistor

PCM1/CLKOUT Output: Leave open

PCM2/HLDAK

PCM3/HLDRQ

PCM4

PCM5

PCS0/CS0, PCS3/CS1 5 Input:  Independently connect to BVoo or BVss via a resistor

PCS0/CS2, PCS3/CS3, Output: Leave open

PCS4 to PCS7

PCTO/WRO 5 Input:  Independently connect to BVoo or BVss via a resistor

PCT1/WR1 Output: Leave open

PCT2

PCT3

PCT4/RD

PCT5

PCT6/ASTB

PCT7

PDLO/ADO to PDL4/AD4 5 Input:  Independently connect to BVop or BVss via a resistor

PDL5/AD5/FLMD1 Output: Leave open

PDL6/AD6, PDL7/AD7

PDL8/AD8 to PDL11/AD11

PDL12/AD12, PDL13/AD13

PDL14/AD14, PDL15/AD15
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(4/4)

Pin

1/0O Circuit
Type

Recommended Connection

AVReFo

Directly connect to Voo

AVss

FLMDO™"*

Directly connect to Vss

REGC

RESET

X1

16

Connect to Vss via a resistor

16

Leave open

BVop

BVss

EVop

EVss

Note

If noise that exceeds the noise elimination width is input to the RESET pin during self programming, the
flash on-board mode may be entered depending on the capacitance charge end timing when a capacitor is

connected to the FLMDO pin. Therefore, do not connect a capacitor to the FLMDO pin.
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2.5 Pin I/O Circuits

Figure 2-1. Pin I/O Circuit Types (1/2)

Input enablgﬁ

Type 2 Type 5-AF
Vob
Pullup
Vop
Data
IN P ch
O IN/OUT
Output N-ch
disable
Input enable
itt-tri i i i isti Jl~— N-ch
Schmitt-triggered input with hysteresis characteristics Pulldown |
enable
Type 5 Type 11-G
AVREF0
Vob Data— 4
Dat »——0 IN/OUT
ata ——
| f=pen output
———O INJOUT disable
Output N-ch Comparator P ch AVss
disable
N-ch
O y T
Input REF %
enable (Threshold voltage) AVss
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Figure 2-1. Pin 1/O Circuit Types (2/2)

Type 5-A Type 16
Vop
Bull Feedback cut-off
ullup |
enable DO [ [~ P-ch P-ch
Vop
Date ———1 )| [Pt e 1] >
INJOUT {>o
Output N-ch
disable S S
XT1 XT2
Input
enable
Type 5-W
Vob
Pullup |
enable > | P-ch
Vbbb
Data ———¢——}, |[~ p-ch
IN/OUT
Output N-ch
disable
(]
Input
enable
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CHAPTER 3 CPU FUNCTIONS

Based on the RISC architecture, the CPU of the V850ES/FE2, V850ES/FF2, V850ES/FG2, VB850ES/FJ2 executes
most of the instructions in one clock under control of a five-stage pipeline.

3.1 Features

O Minimum instruction execution time: 50 ns (at 20 MHz operation)
O Memory space Program space: 64 MB, linear
Data space: 4 GB, linear
O General-purpose registers: 32 bits x 32
O Internal 32-bit architecture
O Five-stage pipeline control
O Multiplication/division instructions
O Saturation operation instructions
O 32-bit shift instructions: 1 clock
O Load/store instructions with long/short format
O Four types of bit manipulation instructions
¢ SET1
¢ CLR1
¢ NOT1
¢ TST1
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3.2 CPU Register Set

The registers of the V850ES/FE2, V850ES/FF2, V850ES/FG2, VB50ES/FJ2 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 VB50ES Architecture User's Manual.

(1) Program register set (2) System register set

31 0 31 0
r0 (Zero register) EIPC (Status saving register on interrupt)

ri (Assembler-reserved register) EIPSW (Status saving register on interrupt)
r2

r3 (Stack pointer (SP)) FEPC (Status saving register on NMI)

ra4 (Global pointer (GP)) FEPSW (Status saving register on NMI)
r5 (Text pointer (TP))

ré |

ECR (Interrupt source register) |
r7

r8 |
r9

r10
ril
ri2
rl3

ri4
15 DBPSW (Status saving register on exception/debug trap)

PSW (Program status word) |

CTPC  (Status saving register on CALLT execution)

CTPSW (Status saving register on CALLT execution)

DBPC  (Status saving register on exception/debug trap)

rl6
ri7 CTBP  (CALLT base pointer) |
rig

r19

r20

r21

r22

r23

r24

r25

r26

r27

r28

r29

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

31 0
| PC (Program counter)
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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 for a data
variable or address variable.

However, r0 and r30 are implicitly used by instructions, and care must be exercised when using these registers.
Register r0 always holds 0, and is used for an operation using O or addressing with offset 0. Register r30 is
used as a base pointer when the SLD or SST instruction is used to access the memory. Registers rl, r3 to r5,
and r31 are implicitly used by the assembler and C compiler. When using these registers, therefore, their
contents must be saved so that they are not lost, and later restored to the registers. Register r2 may be used
by a real-time OS. If the real-time OS used does not use r2, r2 can be used as a register for variables.

Table 3-1. Program Register List

Name Usage Operation
r0 Zero register Always holds 0.
rl Assembler-reserved register Used as a working register for creating 32-bit immediate
r2 Register for address/data variable (if the real-time OS used does not use r2)
r3 Stack pointer Used to generate a stack frame when a function is called
r4 Global pointer Used to access a global variable in the data area
5 Text pointer Used as a register that points to the beginning of a text area

(area where program codes are located)

r6 to r29 Registers for address/data variable

r30 Element pointer Used as a base pointer when memory is accessed

r31 Link pointer Used when the compiler calls a function

PC Program counter Holds an instruction address during program execution

Remark For further details on the rl, r3 to r5, and r31that are used in the assembler and C compiler, refer to the

CAB850 (C Compiler Package) Assembly Language of the user's Manual.

(2) Program counter (PC)

The program counter holds an instruction address during program execution. The lower 26 bits of this counter
are valid. Bits 31 to 26 are fixed to 0. A carry from bit 25 to bit 26 is ignored.
Bit 0 is always fixed to 0, and execution cannot branch to an odd address.

31 2625 10

T 1 T 11 B I N I I B I B
PC Fixed to O ) . ) Default value
ixed to Instruction address during program execution 00000000H

o
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3.2.2 System register set
The system registers are used to control the status of the CPU or to hold interrupt information.
Data can be read from or written to system registers by setting one of the system register numbers listed below

using a system register load or store (LDSR or STSR) instruction.

Table 3-2. System Register Numbers

Register No. System Register Name Operand Specification
LDSR STSR
Instruction Instruction
0 Interrupt status saving register (EIPC)""* v N
1 Interrupt status saving register (EIPSW)"°* v v
2 NMI status saving register (FEPC) v N
3 NMI status saving register (FEPSW) v v
4 Interrupt source register (ECR) X N
5 Program status word (PSW) v v
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 N
17 CALLT execution status saving register (CTPSW) v N
18 Exception/debug trap status saving register (DBPC) rete2 N
19 Exception/debug trap status saving register (DBPSW) e v
20 CALLT base pointer (CTBP) v N
21t0 31 Reserved for future function expansion. (Operation is not guaranteed if these x x
registers are accessed.)

Notes 1. Because only one pair of these registers is provided, the contents of these registers must be saved by

program when multiple interrupt servicing is enabled.
2. These registers can be accessed only between DBTRAP or the illegal instruction execution and DBRET
instruction execution.

Caution Even if bit 0 of EIPC, FEPC, or CTPC is set to 1 by the LDSR instruction, bit 0 is ignored when
execution returns from interrupt servicing to the main routine by the RETI instruction (this is
because bit 0 of the PC is fixed to 0). When setting a value to EIPC, FEPC, or CTPC, set an even
value (bit = 0).

Remark +: Accessible

X

Access prohibited
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(1) Interrupt status saving registers (EIPC and EIPSW)
EIPC and EIPSW are interrupt status saving registers.
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. (The contents of the PC and
PSW are saved to FEPC and FEPSW (NMI status saving registers) if a non-maskable interrupt (NMI) occurs.)
The address of the instruction next to the one under execution, except some instructions (see 17.7 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 pair of interrupt status saving registers is available, the contents of these registers must be
saved by program if multiple interrupt servicing is enabled.
Bits 31 to 26 of EIPC and bits 31 to 8 of EIPSW are reserved for future function expansion (these bits are fixed
to 0). The values of EIPC restore the PC, and the values of EIPSW do to the PSW by the RETI instruction.

31 2625 0
L L L L L L e L L Default value

EIPC o|o(ofo|(0]|0 (Contents of PC) (Oxxxgi(xf>_<de)
x: undefine

31 8 7 0
T T 1 1 11 Default value

EIPSW |0/0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0| (Contents of PSW) 000000xxH
(x: undefined)
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(2) NMI status saving registers (FEPC and FEPSW)
FEPC and FEPSW are NMI status saving registers.
If a non-maskable interrupt (NMI) occurs, the contents of the program counter (PC) are saved to FEPC, and

the contents of the program status word (PSW) are saved to FEPSW.
The address of the instruction next to the one under execution, except some instructions, is saved to FEPC.
The current contents of the PSW are saved to FEPSW.
Bits 31 to 26 of FEPC and bits 31 to 8 of FEPSW are reserved for future function expansion (these bits are

fixed to 0).

31 2625 0
L L L L L L L L L Default value
FEPC |o|o|ojo|o|o (Contents of PC) O03xxxxxxxH
(x: undefined)

31 8 0
T 1T 1T 1 T 11 Default value
FEPSW |o|o|o0|0|0|0|0|0|0[0|0|0[0|0|0[0|0|0|0|0[0]|0|0|0| (Contentsof PSW) 000000xxH
(x: undefined)

(3) Interrupt source register (ECR)
The interrupt source register ECR holds the source of an exception or an interrupt that has occurred. The
value ECR is to hold is an exception code for each interrupt source. This register is a read-only register. No

data can be written to this register by using the LDSR instruction.

31 1615 0
T 1 1 1 T 1 1 1 1 T 1 T 11 N N N B T T T 1 1 1 Default value
ECR FECC EICC 00000000H
Bit Position | Bit Name Meaning
31to 16 FECC Exception code of non-maskable interrupt (NMI)
15t0 0 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) or the CPU.

If the contents of any bit of this register are changed by using the LDSR instruction, the new contents become

valid immediately after execution of the LDSR instruction. When the ID flag is set to 1, however,

acknowledgment of an interrupt request is disabled from when the LDSR instruction is still under execution.

Bits 31 to 8 are reserved for future function expansion (these bits are fixed to 0).

876543210

Default value

PSW RFU NP|EP|ID [SATICY|OV| S | Z 00000020H
Bit Position |Flag Name Meaning
31to8 RFU Reserved field. Always fixed to O
7 NP Indicates that a non-maskable interrupt (NMI) is being serviced. This flag is set to 1, disabling
multiple interrupt servicing, when an NMI request is acknowledged.
0: NMl is not being serviced.
1: NMl is being serviced.
6 EP Indicates that exception processing is in progress. This flag is set to 1 when an exception is
generated. Interrupt requests are acknowledged even if this bit is set.
0: Exception is not being processed.
1: Exception is being processed.
5 ID Indicates whether a maskable interrupt request can be acknowledged.
0: Interrupts enabled
1: Interrupts disabled
4 SAT™ Indicates that the result of an operation of a saturation operation instruction overflows and that
the operation result is saturated. Because this is a cumulative flag, it is set to 1 if the operation
result of a saturation operation instruction is saturated, and is not cleared to 0 even if the
operation result of the subsequent instructions is not saturated. This flag is cleared to 0 by the
LDSR instruction. When an arithmetic operation instruction is executed, this flag is neither set
to 1 nor cleared to 0.
0: Not saturated
1: Saturated
3 Cy Indicates whether a carry or a borrow occurred as a result of an operation.
0: Carry or borrow did not occur.
1: Carry or borrow occurred.
2 ov™* Indicates whether an overflow occurred during an operation.
0: Overflow did not occur.
1: Overflow occurred.
1 Sh Indicates whether the result of an operation is negative or not.
0: Operation result is positive or 0.
1: Operation result is negative.
0 Z Indicates whether the result of an operation is 0 or not.
0: Result of operation is not 0.
1: Result of operation is 0.

Remark Refer to the next page for the explanation of Note.
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/2

Note The result of an operation of saturation processing is determined by the contents of the OV and S flags when a
saturation operation is performed. The SAT flag is set to 1 only when the OV flag is set to 1 as a result of a
saturation operation.

Status of Operation Flag Status Result of Operation of Saturation
Result SAT oV S Processing
Maximum positive 1 1 0 7FFFFFFFH
value is exceeded.
Maximum negative 1 1 1 80000000H
value is exceeded.
Positive (maximum Holds value 0 0 Operation result itself
value not exceeded) before

Negative (maximum operation. 1

value not exceeded)

(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
the contents of the program status word (PSW) are saved to CTPSW.
The contents saved to CTPC are the address of the instruction next to the CALLT instruction.
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 (these bits are
fixed to 0).

31 2625 0
B B B I B S I O B B Default value
CTPC 0/0j0|0|0|0 (Contents of PC) OXxXXXXXXH
(x: undefined)

31 8 7 0
T T T T Default value
CTPSW 0|0ojoj0|0|0|0|0|0|0|0|0|0|0|0|0|0|0(0|0|0|0|0|0| (Contents of PSW) 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 saving registers.

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

The contents saved to DBPC are the address of the instruction next to the one under execution when an
exception trap or a debug trap has occurred.

The current contents of the PSW are saved to DBPSW.

These registers can be accessed only between DBTRAP or the illegal instruction execution and DBRET
instruction execution.

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

The values of DBPC restore PC, and the values of DBPSW do to PSW by DBRET instruction.

31 2625 0
L L L Default value
DBPC o(ojojo|0|0 (Contents of PC) OXXXXXXXH
(x: undefined)

31 8 7 0
e Default value
DBPSW 0|0|0|0|0|0|0O|0O|0O|0O(0|0O|0O|0O[0|0|0|0|0|0|0|0|0|0]| (Contents of PSW) 000000xxH
(x: undefined)

@)

CALLT base pointer (CTBP)

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

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

CTBP

31 2625 0
L L L L L L Default value

olololololo (Base address) 0 (OXXXJX;.‘XHd)
X: unaertine
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3.3 Operation Modes

The V850ES/Fx2 have the following operation modes.

FLMDO FLMD1 Operation Mode
0 X Normal operation mode
1 0 Flash memory programming mode
1 1 Setting prohibited

Remark x: don't care

(1) Normal operation mode

After system reset is released, each pin related to the bus interface is set in the port mode, execution branches
to the reset entry address of the internal ROM, and instruction processing is started. When the PMCDL,
PMCCM, PMCCS, and PMCCT registers are set in the control mode by software, an external device can be
connected to the external memory area.

(2) Flash memory programming mode

When this mode is specified, the internal flash memory can be programmed by using a flash programmer.

(3) On-chip debug mode
The V850ES/FJ2 is provided with an on-chip debug function that employ the JTAG (Joint Test Action Group)
communication specifications and that is executed via an N-Wire emulator. For details, see CHAPTER 27 ON-
CHIP DEBUG FUNCTION."

3.3.1 Specifying operation mode
Specify the operation mode by using the FLMDO and FLMD1 pins. In the normal mode, make sure that the
FLMDO/IC pin goes low when reset is released.
In the flash memory programming mode, a high level is input to the FLMDO pin from the flash programmer if a flash

programmer is connected, but it must be input from an external circuit in the self-programming mode.
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3.4 Address Space

3.4.1 CPU address space

The CPU of the VB50ES/Fx2 has 32-bit architecture, and supports a linear address space (data space) of up to 4
GB for operand addressing (data access). It also supports a linear address space (program space) of up to 64 MB for
addressing instruction addresses. However, both the program and data spaces have areas prohibited from being
used. For details, refer to Figure 3-2.

Figure 3-1 illustrates the CPU address space.

Figure 3-1. CPU Address Space

CPU address space

FFFFFFFFH
~ ~L_ Data area
T T | (4GB, linear)
04000000H
03FFFFFFH
Program area
(64 MB, linear)
00000000H
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3.4.2

Image

Up to 16 MB of external memory area, internal ROM area, and internal RAM area of up to 16 MB of linear address
space (program space) are supported for addressing of instruction addresses. Up to 4 GB of linear address space
(data space) are supported for operand addressing (data access). Note, however, that there seems to be sixty-four

64 MB physical address spaces on the 4 GB address space. This means that the same 64 MB physical address
space is accessed regardless of the value of bits 31 to 26.

Figure 3-2. Image on Address Space
Image 63
4GB Y
l‘. \\ Data space
r' Peripheral 1/O area
Program space R
R
- Image 1 -
Use-prohibited area e g S Internal RAM area
Internal RAM area \
\ '\ Use-prohibited area
e Lo 64 MB
Use-prohibited area Vo
64 MB Image 0 \ | External memory area
External memory area i
V)| Internal ROM area
16 MB \| (external memory area)
Internal ROM area
(external memory area)
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3.4.3

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 03FFFOO0OH to O3FFFFFFH 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) Dataspace

The result of an operand address calculation operation that exceeds 32 bits is ignored.
Therefore, the highest address of the data space, FFFFFFFFH, and the lowest address, 00000000H, are

contiguous, and wraparound occurs at the boundary of these addresses.

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

The V850ES/Fx2 reserves the areas shown in Figure 3-3.

0000000H

Figure 3-3. Data Memory Map (Physical Addresses)
SFFFFFFH On-chip peripheral I/O area 3FFFFFFH
(4KB) 3FFFOO00H
(80KB) 3FFEFFFH
3rgecoooHY) | . .
3FEBFFFH v Internal RAM area
\‘ (60 KB)Nolel
} 3FF0000H
Use prohibited v o SFEFFFFH
' Use prohibited°te 2
\ 3FEFOO0OOH
\ 3FEEFFFH
\ Programmable peripheral
' I/O area
1000000H v 3FECO00H
OFFFFFFH
External memory area
(8 MB)
0800000H
07TFFFFFH
External memory area
(4 MB)
0400000H 1
03FFFFFH / 01FFFFFH
External memory area External memory area
(2 MB) / (1 ™MB)
g200000H{ O ___. 0100000H
0LFFFFFH 00FFFFFH
Internal ROM area°t¢ 3
(2 MB) (1 MB)
ooooocoOH{ OO .
Notes 1. V850ES/FE2: pPD703230: 4K, pPD70F3231: 6K are provided.

V850ES/FF2: uPD703232: 6K , yPD70F3232: 12K , pPD703232: 12K are provided
V850ES/FG2: yPD70F3234: 6K , yPD70F3235: 12K , uPD70F3236: 16K are provided
V850ES/FJ2: pyPD70F3237: 12KB, pPD70F3238: 20KB, uPD703239: 20KB are provided.

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

3. Afetch access and a read access to addresses 0000000H to O0FFFFFH is made to the internal
made.

ROM area, but these addresses are used as an external memory area when a data write access is

2. Use of addresses 3FEFO00H to 3FEFFFFH is prohibited because these addresses are in the same
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Figure 3-4. Program Memory Map

03FFFFFFH Use prohibited
03FFF000H (program fetch prohibited area)
03FFEFFFH
Internal RAM area (60 KB)
03FFO0O000H
03FEFFFFH
Use prohibited
(program fetch prohibited area)
01000000H
00FFFFFFH
External memory area
(14 MB)
00200000H
001FFFFFH External memory area
00100000H (1MB
000FFFFFH Internal ROM area
00000000H (1 MB)
Remark Instructions can be executed in the external memory area without a branch from the internal ROM
area to the external memory area. For details, refer to 3.4.5 (2) Internal RAM area
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3.45 Areas

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

(@) Internal Mask ROM memory area (64 KB)
64 KB, addresses 0000000H to O0OOFFFFH, are provided in the following products as an internal flash
memory area.
Accessing addresses 0001000H to O0OFFFFFH is prohibited.

¢ VB850ES/FE2: 1/PD703230

Figure 3-5. Internal Flash Memory Area (64 KB)

00FFFFFH
—= Access-prohibited -—=
area
0010000H
0000FFFFH
Internal flash memory
0000000H
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(b) Internal flash memory area (128 KB)
128 KB, addresses 0000000H to 001FFFFH, are provided in the following products as an internal flash
memory area.
Accessing addresses 0020000H to O0OFFFFFH is prohibited.

¢ V850ES/FE2: 4PD70F3231

¢ VB850ES/FF2: ;/PD70F3232
¢ V850ES/FG2: uPD70F3234

Figure 3-6. Internal Flash Memory Area (128 KB)

00FFFFFH
—= Access-prohibited —=
area
0020000H
001FFFFH
Internal flash memory
0000000H
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(c) Internal flash memory area (256 KB)
256 KB, addresses 0000000H to O03FFFFH, are provided in the following products as an internal flash
memory area.
Accessing addresses 0040000H to OOFFFFFH is prohibited.

¢ V850ES/FF2: /PD70F3233

¢ V850ES/FG2: uPD70F3235
e V850ES/FJ2: 4PD70F3237

Figure 3-7. Internal Flash Memory Area (256 KB)

00FFFFFH
T Access-prohibited T
area
0040000H
003FFFFH
Internal flash memory
0000000H
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(d) Internal flash memory area (376 KB)
The following products have a 376 KB area of 00000000H to 0005DFFFH.
Use of addresses 005E000H to 00OFFFFFH is prohibited.

¢ V850ES/FJ2: uPD70F3238

Figure 3-8. Internal Flash Memory Area (376 KB)

00FFFFFH
—= Access-prohibited —=
area
005E000H
005DFFFH
Internal flash memory
0000000H
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(e) Internal flash memory area (384 KB)

The following products have a 384 KB area of 00000000H to O005FFFFH.

Use of addresses 0060000H to 00FFFFFH is prohibited.

¢ V850ES/FG2: uPD70F3236

Figure 3-9. Internal Flash Memory Area (384 KB)

0O0FFFFFH
—= Access-prohibited —=
area
0060000H
0005FFFFH
Internal flash memory
0000000H
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(f) Internal flash memory area (512 KB)
512 KB, addresses 0000000H to 007FFFFH, are provided in the following product as an internal flash
memory area.
Accessing addresses 0080000H to O0OFFFFFH is prohibited.

¢ V850ES/FJ2: /PD70F3239

Figure 3-10. Internal Flash Memory Area (512 KB)

00FFFFFH
—— Access-prohibited ——=
area
0080000H
007FFFFH
Internal flash memory
0000000H
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(2) Internal RAM area
Up to 60 KB are reserved as an internal RAM area.

(@) Internal RAM (4 KB)
The following product has a 4 KB area from addresses 3FFEOOOH to 3FFEFFFH. Use of addresses
3FFO000H to 3FFDFFFH is prohibited.

¢ VB850ES/FE2: 1/PD703230

Figure 3-11. Internal RAM Area (4 KB)

3FFEFFFH
Internal RAM
3FFEOQOOH
3FFDFFFH
Access-prohibited
area
3FFO000H
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(b) Internal RAM (6 KB)

The following products have a 6 KB area from addresses 3FFD800H to 3FFEFFFH. Use of addresses
3FFO000H to 3FFD7FFH is prohibited.

e V850ES/FE2: 4PD70F3231

¢ V850ES/FF2: /PD703232
¢ VB50ES/FG2: uPD70F3234

Figure 3-12. Internal RAM Area (6 KB)

3FFEFFFH
Internal RAM
3FFD80O0OH
3FFD7FFH
Access-prohibited
area
3FFO0000H
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(c) Internal RAM (12 KB)

The following products have a 12 KB area from addresses 3FFCO00H to 3FFEFFFH. Use of addresses

3FFO000H to 3FFBFFFH is prohibited.

¢ V850ES/FF2: ;/PD70F3232, uPD70F3233
¢ V850ES/FG2: 4PD70F3235
¢ V850ES/FJ2: /PD70F3237

Figure 3-13. Internal RAM Area (12 KB)

3FFEFFFH

3FFCO00H

Internal RAM

3FFBFFFH

3FFO0000H

Access-prohibited
area
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(d) Internal RAM (16 KB)
The following product has a 16 KB area from addresses 3FFbOOOH to 3FFEFFFH. Use of addresses
3FFO000H to 3FFAFFFH is prohibited.

¢ VB50ES/FG2: xPD70F3236

Figure 3-14. Internal RAM Area (16 KB)

3FFEFFFH
Internal RAM
3FFBOOOH
3FFAFFFH
Access-prohibited
area
3FFO0000H
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(e) Internal RAM (20 KB)

The following products have a 20 KB area from addresses 3FFAOOOH to 3FFEFFFH. Use of addresses

3FFO000H to 3FF9FFFH is prohibited.

e V850ES/FJ2: /PD70F3238, ;/PD70F3239

Figure 3-15. Internal RAM Area (20 KB)

3FFEFFFH

3FFAOOOH

Internal RAM

3FF9FFFH

3FFO0000H

Access-prohibited
area
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(3) On-chip peripheral I/O area
4 KB, addresses 3FFFO00H to 3FFFFFFH, are reserved as an on-chip peripheral 1/0 area.

Figure 3-16. On-Chip Peripheral I/O Area

3FFFFFFH

On-chip peripheral /0 area
(4 KB)

3FFFOO0OH

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

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

2. If aregister that can be accessed in bytes is accessed in halfwords, the higher 8 bits are
undefined when the register is read. Data is written to the lower 8 bits when a write
access is made to the register.

3. Addresses not defined as those of registers are reserved for future expansion. If these
addresses are accessed, the operation is undefined and not guaranteed.
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(4) Programmable peripheral I/O area
12 KB of addresses 03FECO00H to 03FEEFFFH are reserved as the programmable peripheral /O area.

Figure 3-17. Programmable Peripheral I/O Area

03FEEFFFH
Programmable peripheral
I/O area
(12 KB)
03FECO00H
Caution The programmable peripheral I/O area is seen as images of 256 MB each in the 4 GB

address space.

(5) External memory area

An external memory area of 15 MB (0100000H to OFFFFFFH) is available. For details, refer to CHAPTER 5
BUS CONTROL FUNCTION.
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3.4.6 Recommended use of address space

With the architecture of the VB50ES/Fx2, a register that serves as a pointer must be secured for address
generation when operand data in the data space is to be accessed. The +32 KB of this pointer register can be directly
accessed from an instruction for operand data. However, the number of general-purpose registers that can be used
as a pointer is limited. The number of general-purpose registers that can be allocated for variables can be maximized
and the program size can be reduced by suppressing a drop in performance due to address calculation when a

pointer value is to be changed.

(1) Program space
Of the 32 bits of the PC (program counter), only the lower 26 bits are valid and the higher 6 bits are fixed to 0.
Therefore, a contiguous 64 MB space, starting from address 00000000H, is mapped as a program space.
When using the internal RAM area as a program space, access the following addresses.

Caution The prefetch operation (invalid fetch) across internal peripheral 1/O area is not generated if
there is a branch instruction in the upper-limit addresses of the internal RAM area.

RAM Size Addresses to Be Accessed
20 KB 3FFAO00H to 3FFEFFFH
16 KB 3FFBO0OOH to 3FFEFFFH
12 KB 3FFCO00H to3FFEFFFH
6 KB 3FFD800H to3FFEFFFH
4 KB 3FFEOOOH to3FFEFFFH
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(2) Data space
On the 4 GB CPU address space of the VB50ES/Fx2, there seems to be sixty-four 64 MB physical address
spaces. Therefore, 26-bit addresses with the most significant bit (bit 25) sign-extended up to 32 bits in length
are allocated.

(@) Application example of wraparound
If R = r0 (zero register) is specified for the LD/ST disp16 [R] instruction, the range of address 00000000H
+32 KB can be addressed by sign-extended disp16. All the resources of the internal hardware can be
addressed by using one pointer.
The zero register (r0) is fixed to 0 by hardware and a register used for a pointer is basically unnecessary.

Example: #PD70F3239

00080000H
00007FFFH f--mmmmmmmmmmaeo-
Internal ROM area 32KB
(R=) 00000000H - -
On-chip peripheral
4 KB
FFFFFOOOH /O area
FFFFEFFFH
Internal RAM area 20 KB
FFFFAQO0OQH
FFFFOFFFH
Use prohibited 8 KB
FFFF8000H
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Figure 3-18. Recommended Memory Map

Program space,
64 MB

Program space Data space

FFFFFFFFH

FFFFFOOOH
FFFFEFFFH

FFFFCO00H
FFFFBFFFH

04000000H |

On-chip .
peripheral 1/0 N

Internal RAM

M
(

03FFFFFFH

03FFFOOOH

On-chip
peripheral I/ON°te

03FFEFFFH
03FF0000H

03FEFFFFH [

03FECO000H

Internal RAM

03FEBFFFH

01000000H
00FFFFFFH

00020000H
0001FFFFH

Use prohibited .

External /

Internal ROM 4" Internal ROM | .~

00000000H

"
S

memory 7

On-chip
peripheral I/O

Internal RAM

Use prohibited

External memory

Internal ROM

XFFFFFFFH

XFFFFO0OH
XFFFEFFFH

x0100000H
X00FFFFFH

x0000000H

Note Accessing this area is prohibited. To access on-chip peripheral 1/O in this area, specify addresses
FFFFOOOH to FFFFFFFH.

Remarks 1. The upper and lower arrows indicate the area recommended to be used.
2. This figure is the recommended memory map of the uPD70F3238 and uPD79F0239.
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3.4.7 Peripheral I/O registers

3.4.7.1 VB50ES/FE2

(1/9)

Manipulatable Bits

Address Function Register Name Symbol R/W 1 s 1 Default Value
FFFFFO04H Port DL PDL R/W \/ Undefined
FFFFFO04H | Port DLL PDLL \/ Undefined
FFFFFOO5H | Port DLH PDLH \/ N Undefined
FFFFFOOCH Port CM PCM \/ \ Undefined
FFFFF024H Port mode register DL PMDL ~ FFFFH
FFFFF024H | Port mode register DLL PMDLL ~ ~ FFH
FFFFFO25H | Port mode register DLH PMDLH N ~ FFH
FFFFF02CH Port mode register CM PMCM ~ ~ FFH
FFFFFO4CH Port mode control register CM PMCCM N N 00H
FFFFFO64H Peripheral 1/0O area select control register BPC v | 0000H
FFFFFO6EH System wait control register VSWC N 77H
FFFFF100H Interrupt mask register 0 IMRO \/ FFFFH
FFFFF100H | Interrupt mask register OL IMROL FFH
FFFFF101H | Interrupt mask register OH IMROH N FFH
FFFFF102H Interrupt mask register 1 IMR1 \/ FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L N FFH
FFFFF103H | Interrupt mask register 1H IMR1H N FFH
FFFFF104H Interrupt mask register 2 IMR2 N FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L N FFH
FFFFF105H | Interrupt mask register 2H IMR2H FFH
FFFFF106H Interrupt mask register 3 IMR3 \/ FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L N FFH
FFFFF107H | Interrupt mask register 3H IMR3H N FFH
FFFFF108H Interrupt mask register 4 IMR4 «/ FFFFH
FFFFF108H | Interrupt mask register 4L IMRAL N N FFH
FFFFF109H | Interrupt mask register 4H IMR4H N FFH
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(2/9)
Address Function Register Name Symbol R/W Manipulatable Bits Default Value
1 8 16
FFFFF10AH Interrupt mask register 5L IMR5L R/W N N FFH
FFFFF110H Interrupt control register LviC N N 47H
FFFFF112H Interrupt control register PICO N N 47H
FFFFF114H Interrupt control register PIC1 N N 47H
FFFFF116H Interrupt control register PIC2 N N 47H
FFFFF118H Interrupt control register PIC3 N N 47H
FFFFF11AH Interrupt control register PIC4 N N 47H
FFFFF11CH Interrupt control register PIC5 N N 47H
FFFFF11EH Interrupt control register PIC6 N N 47H
FFFFF120H Interrupt control register PIC7 N N 47H
FFFFF122H Interrupt control register TQOOVIC N N 47H
FFFFF124H Interrupt control register TQOCCICO N N 47H
FFFFF126H Interrupt control register TQOCCIC1 N N 47H
FFFFF128H Interrupt control register TQOCCIC2 N N 47H
FFFFF12AH Interrupt control register TQOCCIC3 N N 47H
FFFFF12CH Interrupt control register TPOOVIC N N 47H
FFFFF12EH Interrupt control register TPOCCICO N N 47H
FFFFF130H Interrupt control register TPOCCIC1 N N 47H
FFFFF132H Interrupt control register TP1OVIC N N 47H
FFFFF134H Interrupt control register TP1CCICO N N 47H
FFFFF136H Interrupt control register TP1CCIC1 N N 47H
FFFFF138H Interrupt control register TP20OVIC N N 47H
FFFFF13AH Interrupt control register TP2CCICO N N 47H
FFFFF13CH Interrupt control register TP2CCIC1 N N 47H
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(3/9)
Address Function Register Name Symbol R/W Manipulatable Bits Default Value
1 8 16
FFFFF13EH Interrupt control register TP30OVIC R/IW N N 47H
FFFFF140H Interrupt control register TP3CCICO N N 47H
FFFFF142H Interrupt control register TP3CCIC1 N N 47H
FFFFF144H Interrupt control register TMOEQICO N N 47H
FFFFF146H Interrupt control register CBORIC N N 47H
FFFFF148H Interrupt control register CBOTIC N N 47H
FFFFF14AH Interrupt control register CBI1RIC N N 47H
FFFFF14CH Interrupt control register CB1TIC N N 47H
FFFFF14EH Interrupt control register UAORIC N N 47H
FFFFF150H Interrupt control register UAOTIC N N 47H
FFFFF152H Interrupt control register UALRIC N N 47H
FFFFF154H Interrupt control register UALTIC N N 47H
FFFFF156H Interrupt control register ADIC N N 47H
FFFFF158H Interrupt control register COERRIC N N 47H
FFFFF15AH Interrupt control register COWUPIC N N 47H
FFFFF15CH Interrupt control register CORECIC N N 47H
FFFFF15EH Interrupt control register COTRXIC N N 47H
FFFFF160H Interrupt control register KRIC N N 47H
FFFFF162H Interrupt control register WTIIC N N 47H
FFFFF164H Interrupt control register WTIC N N 47H
FFFFF1FAH In-service priority register ISPR R N N 00H
FFFFF1FCH Command register PRCMD W N Undefined
FFFFF1FEH Power save control register PSC RIW N N 00H
FFFFF200H A/D converter mode register 0 ADAOMO N N O0OH
FFFFF201H A/D converter mode register 1 ADAOM1 N N 00H
FFFFF202H A/D converter channel specification register 0 ADAOS N N 00H
FFFFF203H AID converter mode register 2 ADAOM2 N N 00H
FFFFF204H Power-fail comparison mode register ADAOPFM N N 00H
FFFFF205H Power-fail comparison threshold value register ADAOPFT N N 00H
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(4/9)

Manipulatable Bits

Address Function Register Name Symbol R/W Default Value
1 8 16

FFFFF210H AID conversion result register O ADAOCRO R v | Undefined
‘ FFFFF211H | A/D conversion result register OH ADAOCROH N Undefined
FFFFF212H A/D conversion result register 1 ADAOCR1 v | Undefined
‘ FFFFF213H | A/D conversion result register 1H ADAOCR1H N Undefined
FFFFF214H AID conversion result register 2 ADAOCR2 v | Undefined
‘ FFFFF215H | A/D conversion result register 2H ADAOCR2H N Undefined
FFFFF216H A/D conversion result register 3 ADAOCR3 v | Undefined
‘ FFFFF217H | A/D conversion result register 3H ADAOCR3H N Undefined
FFFFF218H AID conversion result register 4 ADAOCR4 v | Undefined
‘ FFFFF219H | A/D conversion result register 4H ADAOCRA4H N Undefined
FFFFF21AH A/D conversion result register 5 ADAOCRS5 v | Undefined
‘ FFFFF21BH | A/D conversion result register 5H ADAOCR5H N Undefined
FFFFF21CH A/D conversion result register 6 ADAOCRG6 v | Undefined
‘ FFFFF21DH | A/D conversion result register 6H ADAOCR6H N Undefined
FFFFF21EH A/D conversion result register 7 ADAOCR7 v | Undefined
‘ FFFFF21FH | A/D conversion result register 7H ADAOCR7H N Undefined
FFFFF220H AID conversion result register 8 ADAOCRS8 v | Undefined
‘ FFFFF221H | A/D conversion result register 8H ADAOCR8H N Undefined
FFFFF222H AID conversion result register 9 ADAOCR9 v | Undefined
‘ FFFFF223H | A/D conversion result register 9H ADAOCR9H N Undefined
FFFFF300H Key return mode register KRM R/IW \/ N 00H
FFFFF308H Selector operation control register 0 SELCNTO N N 00H
FFFFF318H Noise elimination control register NFC N ~ 00H
FFFFF400H Port 0 PO v v Undefined
FFFFF406H Port 3 P3 v | Undefined

FFFFF406H | Port 3L P3L N N Undefined
FFFFF408H Port 4 P4 N ~ Undefined
FFFFF40AH Port 5 P5 v v Undefined
FFFFF40EH Port 7L P7L v v Undefined
FFFFF40FH Port 7H P7H N ~ Undefined
FFFFF412H Port 9 P9 v Undefined

FFFFF412H | Port 9L POL N ~ Undefined

FFFFF413H | Port 9H POH v v Undefined
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(5/9)

Manipulatable Bits

Address Function Register Name Symbol R/W Default Value
1 8 16
FFFFF420H Port mode register 0 PMO R/IW A \ FFH
FFFFF426H Port mode register 3 PM3 «/ FFFFH
FFFFF426H | Port mode register 3L PM3L \ v FFH
FFFFF428H Port mode register 4 PM4 «/ \/ FFH
FFFFF42AH Port mode register 5 PM5 FFH
FFFFF42EH Port mode register 7 PM7 N FFFFH
FFFFF42EH | Port mode register 7L PM7L N N FFH
FFFFF42FH | Port mode register 7H PM7H VoY FFH
FFFFF432H Port mode register 9 PM9 N FFFFH
FFFFF432H | Port mode register 9L PMOL VoY FFH
FFFFF433H | Port mode register 9H PM9H «/ N FFH
FFFFF440H Port mode control register 0 PMCO \/ N 00H
FFFFF446H Port mode control register 3 PMC3 \' | 0000OH
FFFFF446H | Port mode control register 3L PMC3L N N 00H
FFFFF447H | Port mode control register 3H PMC3H VoY 00H
FFFFF448H Port mode control register 4 PMC4 N N O0H
FFFFF44AH Port mode control register 5 PMC5 \ v 00H
FFFFF452H Port mode control register 9 PMC9 \' | 0000OH
FFFFF452H | Port mode control register 9L PMCOL N N 00H
FFFFF453H | Port mode control register 9H PMC9H \ N O0H
FFFFF460H Port function control register 0 PFCO N N O0H
FFFFF466H Port function control register 3L PFC3L VoY 00H
FFFFF46AH Port function control register 5 PFC5 N N O0H
FFFFF472H Port function control register 9 PFC9 N | 0000H
FFFFF472H | Port function control register 9L PFCOL \ N O0H
FFFFF473H | Port function control register 9H PFC9H N N 00H
FFFFF540H TMQO control register 0 TQOCTLO \ N OOH
FFFFF541H TMQO control register 1 TQOCTL1 N N OOH
FFFFF542H TMQO I/O control register O TQOIOCO \ N 00H
FFFFF543H TMQO I/O control register 1 TQOIOC1 v N O0H
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FFFFF544H TMQO /O control register 2 TQOIOC2 R/W v v OOH
FFFFF545H TMQO option register 0 TQOOPTO S v O0H
FFFFF546H TMQO capture/compare register 0 TQOCCRO v | 0000H
FFFFF548H TMQO capture/compare register 1 TQOCCR1 \/ 0000H
FFFFF54AH TMQO capture/compare register 2 TQOCCR2 \' | 000OH
FFFFF54CH TMQO capture/compare register 3 TQOCCR3 \/ 0000H
FFFFF54EH TMQO counter read buffer register TQOCNT R \/ 0000H
FFFFF590H TMPO control register 0 TPOCTLO RW | v 00H
FFFFF591H TMPO control register 1 TPOCTL1 \ v O0H
FFFFF592H TMPO I/O control register 0 TPOIOCO S v O0H
FFFFF593H TMPO 1/O control register 1 TPOIOC1 \ v 00H
FFFFF594H TMPO I/O control register 2 TPOIOC2 S v O0H
FFFFF595H TMPO option register 0 TPOOPTO \ v 00H
FFFFF596H TMPO capture/compare register 0 TPOCCRO \' | 0O0OOH
FFFFF598H TMPO capture/compare register 1 TPOCCR1 v | 0000H
FFFFF59AH TMPO counter read buffer register TPOCNT R 0000H
FFFFF5A0H TMP1 control register 0 TP1CTLO RW | y 00H
FFFFF5A1H TMP1 control register 1 TP1CTL1 < v 00H
FFFFF5A2H TMP1 I/O control register 0 TP110CO S v O0H
FFFFF5A3H TMP1 I/O control register 1 TP1I0C1 J \ 00H
FFFFF5A4H TMP1 1/O control register 2 TP1l0C2 J y O0H
FFFFF5A5H TMP1 option register 0 TP1OPTO S v O0H
FFFFF5A6H TMP1 capture/compare register O TP1CCRO \/ 0000H
FFFFF5A8H TMP1 capture/compare register 1 TP1CCR1 \' | 00O0OH
FFFFF5AAH TMP1 counter read buffer register TP1CNT R N | 0000H
FFFFF5BOH TMP2 control register 0 TP2CTLO RW | y O0H
FFFFF5B1H TMP2 control register 1 TP2CTL1 J \ 00H
FFFFF5B2H TMP2 1/O control register O TP210CO \ v 00H
FFFFF5B3H TMP2 I/O control register 1 TP2I0C1 S v O0H
FFFFF5B4H TMP2 1/O control register 2 TP210C2 \ v 00H
FFFFF5B5H TMP2 option register 0 TP20PTO S v O0H
FFFFF5B6H TMP2 capture/compare register 0 TP2CCRO N | 0000H
FFFFF5B8H TMP2 capture/compare register 1 TP2CCR1 \/ 0000H
FFFFF5BAH TMP2 counter read buffer register TP2CNT R \' | 000OH
FFFFF5COH TMP3 control register 0 TP3CTLO RW | v 00H
FFFFF5C1H TMP3 control register 1 TP3CTL1 S v O0H
FFFFF5C2H TMP3 1/O control register O TP310CO \ v 00H
FFFFF5C3H TMP3 I/O control register 1 TP3lI0C1 S v O0H
FFFFF5C4H TMP3 1/O control register 2 TP3I0C2 \ v 00H
FFFFF5C5H TMP3 option register 0 TP30PTO \ v O0H
FFFFF5C6H TMP3 capture/compare register 0 TP3CCRO 0000H
FFFFF5C8H TMP3 capture/compare register 1 TP3CCR1 \/ 0000H
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FFFFF5CAH TMP3 counter read buffer register TP3CNT R N | 0000H
FFFFF610H TMQ1 timer control register O TQICTLO RIW | v O0H
FFFFF680H Watch timer operation mode register WTM RW | v O0H
FFFFF690H TMMO control register 0 TMOCTLO NN 00H
FFFFF694H TMMO compare register 0 TMOCMPO N 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
FFFFF706H Port function control expansion register 3L PFCE3L N v 00H
FFFFF70AH Port function control expansion register 5 PFCES v v OOH
FFFFF712H Port function control expansion register 9 PFCE9 v | 000OH

FFFFF712H | Port function control expansion register 9L PFCE9L N v 00H

FFFFF713H | Port function control expansion register 9H PFCE9H N v O0H
FFFFF802H System status register SYS N v O0H
FFFFF80CH Ring OSC mode register RCM v v 00H
FFFFF820H Power save mode register PSMR N v 00H
FFFFF824H Lock register LOCKR R v N O0H
FFFFF828H Processor clock control register PCC RIW | N 03H
FFFFF82CH PLL control register PLLCTL d N 01H
FFFFF82EH CPU operating clock status register CCLS R \/ N O0H
FFFFF82FH Programmable clock mode register PCLM RW | N O0H
FFFFF870H Clock monitor mode register CLM \/ v 00H
FFFFF888H Reset source flag register RESF \/ N 00H
FFFFF890H Low-voltage detection register LVIM \/ v 00H
FFFFF891H Low-voltage detection level select register LVIS N 00H
FFFFF892H Internal RAM data status register RAMS \/ N 01H
FFFFF8BOH Prescaler mode register 0 PRSMO N O0H
FFFFF8B1H Prescaler compare register 0 PRSCMO N 00H
FFFFFOFCH On-chip debug mode register OCDM v v 01H
FFFFFOFEH Peripheral emulation register 1 PEMU1 N N 00H
FFFFFAQOH UARTAGO control register 0 UAOCTLO \ N 10H
FFFFFAO1H UARTAO control register 1 UAOCTL1 N 0OH
FFFFFAO2H UARTAO control register 2 UAOCTL2 N FFH
FFFFFAO3H UARTAO option control register O UAOOPTO \/ v 14H
FFFFFAO4H UARTAO status register UAOSTR «/ N 00H
FFFFFAO6H UARTAO receive data register UAORX R v FFH
FFFFFAO7H UARTAO transmit data register UAOTX R/W v FFH
FFFFFALOH UARTAL control register 0 UALCTLO v 10H
FFFFFA11H UARTAL control register 1 UAICTL1 v O00H
FFFFFA12H UARTAL control register 2 UALCTL2 v FFH

Caution For OCDM details, refer to CHAPTER 25 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).
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FFFFFA13H UARTAL option control register O UA1OPTO \ N 14H
FFFFFA14H | UARTAL status register UALISTR S N O0H
FFFFFA16H UARTAL receive data register UALRX R N FFH
FFFFFAL17H UARTAL receive data register UALTX R/W v FFH
FFFFFBOOH | TIPOO noise eliminator control register POONFC R/W \/ N 00H
FFFFFBO4H | TIPO1 noise eliminator control register POINFC VoY 00H
FFFFFBO8H | TIP10 noise eliminator control register P10NFC S N O0H
FFFFFBOCH | TIP11 noise eliminator control register P1INFC \/ N 00H
FFFFFB10H | TIP20 noise eliminator control register P20NFC S N O0H
FFFFFB14H | TIP21 noise eliminator control register P21NFC S N O0H
FFFFFB18H | TIP30 noise eliminator control register P3ONFC VoY 00H
FFFFFB1CH | TIP31 noise eliminator control register P31NFC S N O0H
FFFFFB50H TIQOO0 noise eliminator control register QOONFC \ N OOH
FFFFFB54H | TIQO1 noise eliminator control register QOINFC \ v 00H
FFFFFB58H TIQO02 noise eliminator control register QO2NFC \ N OOH
FFFFFB5CH | TIQO3 noise eliminator control register QO3NFC \ N 00H
FFFFFCOOH | External interrupt falling edge specification register 0 INTFO S N 00H
FFFFFCO6H | External interrupt falling edge specification register 3 INTF3 \' | 0000H

FFFFFCO6H| External interrupt falling edge specification register 3L | INTF3L S v O0H

FFFFFCO7H| External interrupt falling edge specification register 3H | INTF3H \/ v 00H
FFFFFC13H External interrupt falling edge specification register 9H | INTF9H S v O0H
FFFFFC20H | External interrupt rising edge specification register 0 INTRO N v 00H
FFFFFC26H | External interrupt rising edge specification register 3 INTR3 N | 0000H

FFFFFC26H| External interrupt rising edge specification register 3L | INTR3L S v 00H

FFFFFC27H| External interrupt rising edge specification register 3H | INTR3H \ v 00H
FFFFFC33H External interrupt rising edge specification register 9H | INTR9H S v O0H
FFFFFC40H | Pull-up resistor option register O PUO \ v 00H
FFFFFC46H | Pull-up resistor option register 3 PU3 N | 0000H
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FFFFFC46H Pull-up resistor option register 3L PU3L RW | + v 00H

FFFFFC47H Pull-up resistor option register 3H PU3H N \ O0H
FFFFFC48H Pull-up resistor option register 4 PU4 N \ O0H
FFFFFC4AH Pull-up resistor option register 5 PU5 v \/ 00H
FFFFFC52H Pull-up resistor option register 9 PU9 v | 000OH

FFFFFC52H Pull-up resistor option register 9L PUIL v \/ 00H

FFFFFC53H Pull-up resistor option register 9H PU9H N \ O0H
FFFFFDOOH CSIBO control register 0 CBOCTLO N d 01H
FFFFFDO1H CSIBO control register 1 CBOCTL1 N S O0H
FFFFFDO2H CSIBO control register 2 CBOCTL2 N 00H
FFFFFDO3H CSIBO status register CBOSTR NN 00H
FFFFFDO4H CSIBO receive data register CBORX R v | 000OH
‘ FFFFFDO4H CSIBO receive data register L CBORXL \/ 00H
FFFFFDO6H CSIBO transmit data register CBOTX R/W v | 0O00OH
‘ FFFFFDO6H CSIBO transmit data register L CBOTXL N 00H
FFFFFD10H CSIB1 control register 0 CBICTLO NN 01H
FFFFFD11H CSIB1 control register 1 CB1CTL1 Nl 00H
FFFFFD12H CSIB1control register 2 CB1CTL2 \/ O0OH
FFFFFD13H CSIB1 status register CB1STR N \ O0H
FFFFFD14H CSIB1 receive data register CB1RX R v | 0000H
‘ FFFFFD14H CSIB1 receive data register L CB1RXL S O00H
FFFFFD16H CSIB1 transmit data register CB1TX R/W v | 000OH
‘ FFFFFD16H CSIB1 transmit data register L CB1TXL \/ OOH
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FFFFFO04H Port DL PDL R/W \/ Undefined
FFFFFO04H | Port DLL PDLL \/ N Undefined
FFFFFOO5H | Port DLH PDLH \/ \/ Undefined
FFFFFOO8H Port CS PCS N ~ Undefined
FFFFFOOAH Port CT PCT N N Undefined
FFFFFOOCH Port CM PCM N \/ Undefined
FFFFF024H Port mode register DL PMDL ~ FFFFH
FFFFF024H | Port mode register DLL PMDLL N ~ FFH
FFFFFO25H | Port mode register DLH PMDLH N ~ FFH
FFFFF02CH Port mode register CM PMCM N ~ FFH
FFFFFO4CH Port mode control register CM PMCCM N ~ 00H
FFFFFO064H Peripheral 1/0 area select control register BPC v | 0000H
FFFFFO6EH System wait control register VSwWC N 77H
FFFFF100H Interrupt mask register 0 IMRO \/ FFFFH
FFFFF100H | Interrupt mask register OL IMROL N FFH
FFFFF101H | Interrupt mask register OH IMROH N FFH
FFFFF102H Interrupt mask register 1 IMR1 «/ FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L N FFH
FFFFF103H | Interrupt mask register 1H IMR1H N FFH
FFFFF104H Interrupt mask register 2 IMR2 \/ FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L FFH
FFFFF105H | Interrupt mask register 2H IMR2H N FFH
FFFFF106H Interrupt mask register 3 IMR3 \/ FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L N FFH
FFFFF107H | Interrupt mask register 3H IMR3H N FFH
FFFFF108H Interrupt mask register 4 IMR4 N FFFFH
FFFFF108H | Interrupt mask register 4L IMRAL N FFH
FFFFF109H | Interrupt mask register 4H IMR4H FFH
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FFFFF10AH Interrupt mask register 5L IMR5L R/IW N N FFH
FFFFF110H Interrupt control register LvIC N N 47H
FFFFF112H Interrupt control register PICO N N 47H
FFFFF114H Interrupt control register PIC1 N N 47H
FFFFF116H Interrupt control register PIC2 N N 47H
FFFFF118H Interrupt control register PIC3 N N 47H
FFFFF11AH Interrupt control register PIC4 N N 47H
FFFFF11CH Interrupt control register PIC5 N N 47H
FFFFF11EH Interrupt control register PIC6 N N 47H
FFFFF120H Interrupt control register PIC7 N N 47H
FFFFF122H Interrupt control register TQOOVIC N N 47H
FFFFF124H Interrupt control register TQOCCICO N N 47H
FFFFF126H Interrupt control register TQOCCIC1 N N 47H
FFFFF128H Interrupt control register TQOCCIC2 N N 47H
FFFFF12AH Interrupt control register TQOCCIC3 N N 47H
FFFFF12CH Interrupt control register TPOOVIC N N 47H
FFFFF12EH Interrupt control register TPOCCICO N N 47H
FFFFF130H Interrupt control register TPOCCIC1 N N 47H
FFFFF132H Interrupt control register TP1OVIC N N 47H
FFFFF134H Interrupt control register TP1CCICO N N 47H
FFFFF136H Interrupt control register TP1CCIC1 N N 47H
FFFFF138H Interrupt control register TP20VIC N N 47H
FFFFF13AH Interrupt control register TP2CCICO N N 47H
FFFFF13CH Interrupt control register TP2CCIC1 N N 47H
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FFFFF13EH Interrupt control register TP30OVIC R/W N N 47H
FFFFF140H Interrupt control register TP3CCICO N N 47H
FFFFF142H Interrupt control register TP3CCIC1 N N 47H
FFFFF144H Interrupt control register TMOEQICO N N 47H
FFFFF146H Interrupt control register CBORIC N N 47H
FFFFF148H Interrupt control register CBOTIC N N 47H
FFFFF14AH Interrupt control register CB1RIC N N 47H
FFFFF14CH Interrupt control register CB1TIC N N 47H
FFFFF14EH Interrupt control register UAORIC N N 47H
FFFFF150H Interrupt control register UAOTIC N N 47H
FFFFF152H Interrupt control register UALRIC N N 47H
FFFFF154H Interrupt control register UA1TIC N N 47H
FFFFF156H Interrupt control register ADIC N N 47H
FFFFF158H Interrupt control register COERRIC N N 47H
FFFFF15AH Interrupt control register COWUPIC N N 47H
FFFFF15CH Interrupt control register CORECIC N N 47H
FFFFF15EH Interrupt control register COTRXIC N N 47H
FFFFF160H Interrupt control register KRIC N N 47H
FFFFF162H Interrupt control register WTIIC N N 47H
FFFFF164H Interrupt control register WTIC N N 47H
FFFFF1FAH In-service priority register ISPR R N N 00H
FFFFF1FCH Command register PRCMD W N Undefined
FFFFF1FEH Power save control register PSC R/IW N N 00H
FFFFF200H AID converter mode register 0 ADAOMO N N O0H
FFFFF201H A/D converter mode register 1 ADAOM1 N N 00H
FFFFF202H AID converter channel specification register 0 ADAOS N N 00H
FFFFF203H A/D converter mode register 2 ADAOM2 N N 00H
FFFFF204H Power-fail comparison mode register ADAOPFM N N 00H
FFFFF205H Power-fail comparison threshold value register ADAOPFT N N 00H
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FFFFF210H A/D conversion result register 0 ADAOCRO R v | 00H
| FFFFF211H | A/D conversion result register OH ADAOCROH N 00H
FFFFF212H A/D conversion result register 1 ADAOCR1 v | 00OH
| FFFFF213H | A/D conversion result register 1H ADAOCR1H N 00H
FFFFF214H A/D conversion result register 2 ADAOCR2 v | O0OH
| FFFFF215H | A/D conversion result register 2H ADAOCR2H N 00H
FFFFF216H A/D conversion result register 3 ADAOCR3 v | O0OH
| FFFFF217H | A/D conversion result register 3H ADAOCRS3H N 00H
FFFFF218H A/D conversion result register 4 ADAOCR4 v | O0OH
| FFFFF219H | A/D conversion result register 4H ADAOCR4H N 00H
FFFFF21AH A/D conversion result register 5 ADAOCRS v | 00OH
| FFFFF21BH | A/D conversion result register 5H ADAOCRS5H N 00H
FFFFF21CH A/D conversion result register 6 ADAOCRG6 v | 00OH
| FFFFF21DH | A/D conversion result register 6H ADAOCRGH N 00H
FFFFF21EH A/D conversion result register 7 ADAOCR7 v | 00OH
| FFFFF21FH | A/D conversion result register 7H ADAOCR7H N 00H
FFFFF220H A/D conversion result register 8 ADAOCRS8 v | O0OH
| FFFFF221H | A/D conversion result register 8H ADAOCRSH N 00H
FFFFF222H A/D conversion result register 9 ADAOCR9 v | O0OH
| FFFFF223H | A/D conversion result register 9H ADAOCR9H N 00H
FFFFF224H A/D conversion result register 10 ADAOCR10 v | 00H
| FFFFF225H | A/D conversion result register 10H ADAOCR10H N 00H
FFFFF226H AJ/D conversion result register 11 ADAOCR11 v | 00H
| FFFFF227H | A/D conversion result register 11H ADAOCR11H N 00H
FFFFF300H Key return mode register KRM R/W ~ ~ 00H
FFFFF308H Selector operation control register 0 SELCNTO N N 00H
FFFFF318H Noise elimination control register NFC ~ ~ 00H
FFFFF400H Port 0 PO v N Undefined
FFFFF406H Port 3 P3 v | Undefined
FFFFF406H | Port 3L P3L ~ ~ Undefined
FFFFF407H | Port 3H P3H v v Undefined
FFFFF408H Port 4 P4 v N Undefined
FFFFF40AH Port 5 P5 N ~ Undefined
FFFFF40EH Port 7L P7L ~ ~ Undefined
FFFFF40FH Port 7H P7H v v Undefined
FFFFF412H Port 9 P9 ~ Undefined
FFFFF412H | Port 9L POL v \ Undefined
FFFFF413H | Port 9H P9H ~ ~ Undefined
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FFFFF420H Port mode register 0 PMO R/IW v \ FFH
FFFFF426H Port mode register 3 PM3 «/ FFFFH
FFFFF426H | Port mode register 3L PM3L v v FFH
FFFFF427H | Port mode register 3H PM3H \/ \/ FFH
FFFFF428H Port mode register 4 PM4 v v FFH
FFFFF42AH Port mode register 5 PM5 \/ \ FFH
FFFFF42EH Port mode register 7 PM7 \/ FFFFH
FFFFF42EH | Port mode register 7L PM7L Vo FFH
FFFFF42FH | Port mode register 7H PM7H S N FFH
FFFFF432H Port mode register 9 PM9 \/ FFFFH
FFFFF432H | Port mode register 9L PM9OL N FFH
FFFFF433H | Port mode register 9H PMOYH \ N FFH
FFFFF440H Port mode control register 0 PMCO S N O0H
FFFFF446H Port mode control register 3 PMC3 v | 0000H
FFFFF446H | Port mode control register 3L PMC3L Vo N 00H
FFFFF447H | Port mode control register 3H PMC3H S N 00H
FFFFF448H Port mode control register 4 PMC4 < v 00H
FFFFF44AH Port mode control register 5 PMC5 S N O0H
FFFFF452H Port mode control register 9 PMC9 v | 0000H
FFFFF452H | Port mode control register 9L PMCOL S N O0H
FFFFF453H | Port mode control register 9H PMC9H \/ N O0H
FFFFF460H Port function control register 0 PFCO < v 00H
FFFFF466H Port function control register 3L PFC3L S N O0H
FFFFF46AH Port function control register 5 PFC5 \ N 00H
FFFFF472H Port function control register 9 PFC9 \ 0000H
FFFFF472H | Port function control register 9L PFCIL \ N 00H
FFFFF473H | Port function control register 9H PFCOH VoY 00H
FFFFF540H TMQO control register 0 TQOCTLO S N 00H
FFFFF541H TMQO control register 1 TQOCTL1 \ N 00H
FFFFF542H TMQO I/O control register 0 TQOIOCO S N O0H
FFFFF543H TMQO 1/O control register 1 TQOIOC1 \ N O0H
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FFFFF544H TMQO I/O control register 2 TQOIOC2 R/W \ \ OOH
FFFFF545H TMQO option register 0 TQOOPTO v \ O0H
FFFFF546H TMQO capture/compare register 0 TQOCCRO N | 0000H
FFFFF548H TMQO capture/compare register 1 TQOCCR1 v 0000H
FFFFF54AH TMQO capture/compare register 2 TQOCCR2 v | 000OH
FFFFF54CH TMQO capture/compare register 3 TQOCCR3 v 0000H
FFFFF54EH TMQO counter read buffer register TQOCNT R N 0000H
FFFFF590H TMPO control register 0 TPOCTLO RW | \ 00H
FFFFF591H TMPO control register 1 TPOCTL1 S J O0H
FFFFF592H TMPO I/O control register 0 TPOIOCO N S O0H
FFFFF593H TMPO 1/O control register 1 TPOIOC1 \/ < 00H
FFFFF594H TMPO I/O control register 2 TPOIOC2 N S O0H
FFFFF595H TMPO option register 0 TPOOPTO N \ 00H
FFFFF596H TMPO capture/compare register 0 TPOCCRO N | 000OH
FFFFF598H TMPO capture/compare register 1 TPOCCR1 N | 0000H
FFFFF59AH TMPO counter read buffer register TPOCNT R N | 0000H
FFFFF5AOH TMP1 control register 0 TP1CTLO RW | J 00H
FFFFF5A1H TMP1 control register 1 TP1CTL1 v \ 00H
FFFFF5A2H TMP1 I/O control register 0 TP110CO v \ O0H
FFFFF5A3H TMP1 1/O control register 1 TP1I0C1 J J 00H
FFFFF5A4H TMP1 I/O control register 2 TP1l0C2 J J O0H
FFFFF5A5H TMP1 option register 0 TP10PTO N S O0H
FFFFF5A6H TMP1 capture/compare register O TP1CCRO v 0000H
FFFFF5A8H TMP1 capture/compare register 1 TP1CCR1 v | 000OH
FFFFF5AAH TMP1 counter read buffer register TP1CNT R N | 0000H
FFFFF5BOH TMP2 control register 0 TP2CTLO R/W \/ \ OOH
FFFFF5B1H TMP2 control register 1 TP2CTL1 J J 00H
FFFFF5B2H TMP2 I/O control register O TP210CO \/ \ 00H
FFFFF5B3H TMP2 I/O control register 1 TP2I0C1 N S O0H
FFFFF5B4H TMP2 1/O control register 2 TP210C2 \/ \ O00H
FFFFF5B5H TMP2 option register 0 TP20PTO v S O0H
FFFFF5B6H TMP2 capture/compare register 0 TP2CCRO N | 0000H
FFFFF5B8H TMP2 capture/compare register 1 TP2CCR1 N 0000H
FFFFF5BAH TMP2 counter read buffer register TP2CNT R v | 000OH
FFFFF5COH TMP3 control register 0 TP3CTLO RW | \ 00H
FFFFF5C1H TMP3 control register 1 TP3CTL1 N S O0H
FFFFF5C2H TMP3 I/O control register 0 TP3I0CO N \ 00H
FFFFF5C3H TMP3 I/O control register 1 TP3I0C1 v \ O0H
FFFFF5C4H TMP3 I/O control register 2 TP3I0C2 d \ 00H
FFFFF5C5H TMP3 option register 0 TP30PTO v \ 00H
FFFFF5C6H TMP3 capture/compare register 0 TP3CCRO v | 000OH
FFFFF5C8H TMP3 capture/compare register 1 TP3CCR1 v 0000H
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FFFFF5CAH TMP3 counter read buffer register TP3CNT R N | 0000H
FFFFF680H Watch timer operation mode register WTM RIW | N O0H
FFFFF690H TMMO control register 0 TMOCTLO N N O0H
FFFFF694H TMMO compare register 0 TMOCMPO v 0000H
FFFFF6COH Oscillation stabilization time select register OSTS N 06H
FFFFF6C1H PLL lockup time specification register PLLS v 03H
FFFFF6DOH Watchdog timer mode register 2 WDTM2 N 67H
FFFFF6D1H Watchdog timer enable register WDTE N 9AH
FFFFF706H Port function control expansion register 3L PFCE3L N N O0H
FFFFF70AH Port function control expansion register 5 PFCE5 N N 00H
FFFFF712H Port function control expansion register 9 PFCE9 N | 0000H

FFFFF712H | Port function control expansion register 9L PFCE9L N N 00H

FFFFF713H | Port function control expansion register 9H PFCE9H N N 00H
FFFFF802H System status register SYS N N O0H
FFFFF80CH Ring OSC mode register RCM N N O0H
FFFFF820H Power save mode register PSMR v v 00H
FFFFF824H Lock register LOCKR R d d O0H
FFFFF828H Processor clock control register PCC RW | \/ 03H
FFFFF82CH PLL control register PLLCTL «/ N 01H
FFFFF82EH CPU operating clock status register CCLS R \/ \/ O0H
FFFFF82FH Programmable clock mode register PCLM RIW | \/ O0H
FFFFF870H Clock monitor mode register CLM \/ \/ O0H
FFFFF888H Reset source flag register RESF \/ \/ 00H
FFFFF890H Low-voltage detection register LVIM \/ N 00H
FFFFF891H Low-voltage detection level select register LVIS \/ O0OH
FFFFF892H Internal RAM data status register RAMS v v 01H
FFFFF8BOH Prescaler mode register 0 PRSMO \/ 00H
FFFFF8B1H Prescaler compare register O PRSCMO \/ 0OH
FFFFFOFCH On-chip debug mode register OCDM N 01H
FFFFFOFEH Peripheral emulation register 1 PEMU1 v v 00H
FFFFFAOOH UARTAO control register 0 UAOCTLO «/ N 10H
FFFFFAO1H UARTAO control register 1 UAOCTL1 N 00H
FFFFFAO2H UARTAQO control register 2 UAOCTL2 S FFH
FFFFFAO3H UARTAO option control register 0 UAOOPTO d N 14H
FFFFFAO4H UARTAO status register UAOSTR VoA 00H
FFFFFAO6H UARTAO receive data register UAORX R N FFH
FFFFFAO7H UARTAO transmit data register UAOTX R/W v FFH
FFFFFA10H UARTA1 control register 0 UALCTLO v v 10H
FFFFFA11H UARTAL control register 1 UALCTL1 N 00H
FFFFFA12H UARTAL control register 2 UALCTL2 v FFH

Caution For OCDM details, refer to CHAPTER 25 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).
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1 8 16
FFFFFA13H | UARTAL option control register 0 UA1OPTO N v 14H
FFFFFA14H | UARTAL status register UALISTR \ v O0H
FFFFFA16H UARTAL receive data register UALRX R v FFH
FFFFFAL17H UARTAL receive data register UALTX R/W v FFH
FFFFFBOOH | TIPOO noise eliminator control register POONFC RIW \/ v 00H
FFFFFBO4H | TIPO1 noise eliminator control register POINFC VoY 00H
FFFFFBO8H | TIP10 noise eliminator control register P10NFC \/ v O0H
FFFFFBOCH | TIP11 noise eliminator control register P11INFC \/ v 00H
FFFFFB10H | TIP20 noise eliminator control register P20NFC \/ v O0H
FFFFFB14H | TIP21 noise eliminator control register P21NFC \/ v O0H
FFFFFB18H | TIP30 noise eliminator control register P3ONFC VoY 00H
FFFFFB1CH | TIP31 noise eliminator control register P31NFC \/ v O0H
FFFFFB50H | TIQOO noise eliminator control register QOONFC N v O0H
FFFFFB54H | TIQO1 noise eliminator control register QOINFC S v 00H
FFFFFB58H | TIQO2 noise eliminator control register QO2NFC N v O0H
FFFFFB5CH | TIQO3 noise eliminator control register QO3NFC \ v 00H
FFFFFCOOH | External interrupt falling edge specification register 0 INTFO N v 00H
FFFFFCO6H | External interrupt falling edge specification register 3 INTF3 \' | 0000H
FFFFFCO6H| External interrupt falling edge specification register 3L | INTF3L S \ 0OH
FFFFFCO7H| External interrupt falling edge specification register 3H | INTF3H \/ \ 00H
FFFFFC13H External interrupt falling edge specification register 9H | INTF9H \ S 0OH
FFFFFC20H | External interrupt rising edge specification register 0 INTRO S S O00OH
FFFFFC26H | External interrupt rising edge specification register 3 INTR3 N | 0000H
FFFFFC26H| External interrupt rising edge specification register 3L | INTR3L S N O00OH
FFFFFC27H| External interrupt rising edge specification register 3H | INTR3H \ \/ O00H
FFFFFC33H External interrupt rising edge specification register 9H | INTR9H \ S 0OH
FFFFFC40H | Pull-up resistor option register O PUO \/ \ O0H
FFFFFC46H | Pull-up resistor option register 3 PU3 v | 0000H
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FFFFFC46H Pull-up resistor option register 3L PU3L RW | + v 00H

FFFFFC47H Pull-up resistor option register 3H PU3H N \ 00H
FFFFFC48H Pull-up resistor option register 4 PU4 N \/ O0H
FFFFFC4AH Pull-up resistor option register 5 PU5 v \/ 00H
FFFFFC52H Pull-up resistor option register 9 PU9 v | 0000H

FFFFFC52H Pull-up resistor option register 9L PUIL v \/ 00H

FFFFFC53H Pull-up resistor option register 9H PU9H N \/ 00H
FFFFFDOOH CSIBO control register 0 CBOCTLO N d 01H
FFFFFDO1H CSIBO control register 1 CBOCTL1 N \ 00H
FFFFFDO2H CSIBO control register 2 CBOCTL2 \/ O00OH
FFFFFDO3H CSIBO status register CBOSTR NN 0OH
FFFFFDO4H CSIBO receive data register CBORX R v | 0000H
‘ FFFFFDO4H CSIBO receive data register L CBORXL \/ 00H
FFFFFDO6H CSIBO transmit data register CBOTX R/W N | 0000H
‘ FFFFFDO6H CSIBO transmit data register L CBOTXL \/ O00H
FFFFFD10H CSIB1 control register 0 CBI1CTLO VoY 01H
FFFFFD11H CSIB1 control register 1 CB1CTL1 Nl 00H
FFFFFD12H CSIB1control register 2 CB1CTL2 \/ O00H
FFFFFD13H CSIB1 status register CB1STR N \ 00H
FFFFFD14H CSIB1 receive data register CB1RX R N | 0000H
‘ FFFFFD14H CSIB1 receive data register L CB1RXL \/ 00H
FFFFFD16H CSIB1 transmit data register CB1TX R/W v | 0000H
‘ FFFFFD16H CSIB1 transmit data register L CB1TXL \/ O00H
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Manipulatable Bits

Address Function Register Name Symbol R/W Default Value
1 8 16
FFFFFO04H Port DL PDL R/W \/ Undefined
FFFFFO04H | Port DLL PDLL \/ N Undefined
FFFFFOO5H | Port DLH PDLH \/ \/ Undefined
FFFFFOO8H Port CS PCS ~ ~ Undefined
FFFFFOOAH Port CT PCT ~ N Undefined
FFFFFOOCH Port CM PCM v \/ Undefined
FFFFF024H Port mode register DL PMDL ~ FFFFH
FFFFF024H | Port mode register DLL PMDLL ~ ~ FFH
FFFFFO25H | Port mode register DLH PMDLH ~ ~ FFH
FFFFFO28H Port mode register CS PMCS N N FFH
FFFFFO2AH Port mode register CT PMCT N ~ FFH
FFFFFO02CH Port mode register CM PMCM ~ ~ FFH
FFFFFO4CH Port mode control register CM PMCCM N ~ 00H
FFFFFO064H Peripheral 1/0O area select control register BPC v | 0000H
FFFFFO6EH System wait control register VSWC N 77H
FFFFFO80H DMA source address register OL DSAOL ~ Undefined
FFFFF082H DMA source address register OH DSAOH ~ Undefined
FFFFF084H DMA destination address register OL DDAOL N Undefined
FFFFF086H DMA destination address register OH DDAOH ~ Undefined
FFFFFO88H DMA source address register 1L DSAILL N Undefined
FFFFFO8AH DMA source address register 1H DSA1H ~ Undefined
FFFFFO8CH DMA destination address register 1L DDA1L N Undefined
FFFFFO8SEH DMA destination address register 1H DDA1H N Undefined
FFFFFO90H DMA source address register 2L DSA2L ~ Undefined
FFFFFO92H DMA source address register 2H DSA2H N Undefined
FFFFF094H DMA destination address register 2L DDA2L ~ Undefined
FFFFFO96H DMA destination address register 2H DDA2H N Undefined
FFFFF098H DMA source address register 3L DSA3L ~ Undefined
FFFFFO9AH DMA source address register 3H DSA3H ~ Undefined
FFFFFO9CH DMA destination address register 3L DDA3L N Undefined
FFFFFO9EH DMA destination address register 3H DDA3H ~ Undefined
FFFFFOCOH DMA transfer count register 0 DBCO N Undefined
FFFFFOC2H DMA transfer count register 1 DBC1 ~ Undefined
FFFFFOC4H DMA transfer count register 2 DBC2 N Undefined
FFFFFOC6H DMA transfer count register 3 DBC3 N Undefined
FFFFFODOH DMA addressing control register O DADCO v | 0000H
FFFFFOD2H DMA addressing control register 1 DADC1 v | 0000H
FFFFFOD4H DMA addressing control register 2 DADC2 v | 0000H
FFFFFOD6H DMA addressing control register 3 DADC3 N 0000H
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1 8 16
FFFFFOEOH DMA channel control register 0 DCHCO RIW N N 00H
FFFFFOE2H DMA channel control register 1 DCHC1 N N 00H
FFFFFOE4H DMA channel control register 2 DCHC2 N N 00H
FFFFFOEGH DMA channel control register 3 DCHC3 N N O0H
FFFFF100H Interrupt mask register 0 IMRO \/ FFFFH
FFFFF100H | Interrupt mask register OL IMROL N N FFH
FFFFF101H | Interrupt mask register OH IMROH FFH
FFFFF102H Interrupt mask register 1 IMR1 «/ FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L N 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 N N FFH
FFFFF106H Interrupt mask register 3 IMR3 \/ FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L N N FFH
FFFFF107H | Interrupt mask register 3H IMR3H N N FFH
FFFFF110H Interrupt control register LVIIC N N 47H
FFFFF112H Interrupt control register PICO N N 47H
FFFFF114H Interrupt control register PIC1 N N 47H
FFFFF116H Interrupt control register PIC2 N N 47H
FFFFF118H Interrupt control register PIC3 N N 47H
FFFFF11AH Interrupt control register PIC4 N N 47H
FFFFF11CH Interrupt control register PIC5 N N 47H
FFFFF11EH Interrupt control register PIC6 N N 47H
FFFFF120H Interrupt control register PIC7 N N 47H
FFFFF122H Interrupt control register TQOOVIC N N 47H
FFFFF124H Interrupt control register TQOCCICO N N 47H
FFFFF126H Interrupt control register TQOCCIC1 N N 47H
FFFFF128H Interrupt control register TQOCCIC2 N N 47H
FFFFF12AH Interrupt control register TQOCCIC3 N N 47H
FFFFF12CH Interrupt control register TPOOVIC N N 47H
FFFFF12EH Interrupt control register TPOCCICO N N 47H
FFFFF130H Interrupt control register TPOCCIC1 N N 47H
FFFFF132H Interrupt control register TP1OVIC N N 47H
FFFFF134H Interrupt control register TP1CCICO N N 47H
FFFFF136H Interrupt control register TP1CCIC1 N N 47H
FFFFF138H Interrupt control register TP20OVIC N N 47H
FFFFF13AH Interrupt control register TP2CCICO N N 47H
FFFFF13CH Interrupt control register TP2CCIC1 N N 47H
FFFFF13EH Interrupt control register TP30OVIC N N 47H
FFFFF140H Interrupt control register TP3CCICO N N 47H
FFFFF142H Interrupt control register TP3CCIC1 N N 47H
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FFFFF144H Interrupt control register TMOEQICO R/W N N 47H
FFFFF146H Interrupt control register CBORIC N N 47H
FFFFF148H Interrupt control register CBOTIC N N 47H
FFFFF14AH Interrupt control register CB1RIC N N 47H
FFFFF14CH Interrupt control register CB1TIC N N 47H
FFFFF14EH Interrupt control register UAORIC N N 47H
FFFFF150H Interrupt control register UAOTIC N N 47H
FFFFF152H Interrupt control register UA1LRIC N N 47H
FFFFF154H Interrupt control register UALTIC N N 47H
FFFFF156H Interrupt control register ADIC N N 47H
FFFFF158H Interrupt control register COERRIC N N 47H
FFFFF15AH Interrupt control register COWUPIC N N 47H
FFFFF15CH Interrupt control register CORECIC N N 47H
FFFFF15EH Interrupt control register COTRXIC N N 47H
FFFFF160H Interrupt control register KRIC N N 47H
FFFFF162H Interrupt control register WTIIC N N 47H
FFFFF164H Interrupt control register WTIC N N 47H
FFFFF166H Interrupt control register PIC8 N N 47H
FFFFF168H Interrupt control register PIC9 N N 47H
FFFFF16AH Interrupt control register PIC10 N N 47H
FFFFF16CH Interrupt control register TQ1OvIC N N 47H
FFFFF16EH Interrupt control register TQ1CCICO N N 47H
FFFFF170H Interrupt control register TQI1CCIC1 N N 47H
FFFFF172H Interrupt control register TQ1CCIC2 N N 47H
FFFFF174H Interrupt control register TQI1CCIC3 N N 47H
FFFFF176H Interrupt control register UAZRIC N N 47H
FFFFF178H Interrupt control register UA2TIC N N 47H
FFFFF17AH Interrupt control register C1ERRIC N N 47H
FFFFF17CH Interrupt control register C1WUPIC N N 47H
FFFFF17EH Interrupt control register C1RECIC N N 47H
FFFFF180H Interrupt control register C1TRXIC N N 47H
FFFFF182H Interrupt control register DMAICO N N 47H
FFFFF184H Interrupt control register DMAIC1 N N 47H
FFFFF186H Interrupt control register DMAIC2 N N 47H
FFFFF188H Interrupt control register DMAIC3 N N 47H
FFFFF1FAH In-service priority register ISPR R N N O0OH
FFFFF1FCH Command register PRCMD w N Undefined
FFFFF1FEH Power save control register PSC R/W N N O0H
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1 8 16
FFFFF200H A/D converter mode register 0 ADAOMO R/W N N 00H
FFFFF201H A/D converter mode register 1 ADAOM1 N N 00H
FFFFF202H A/D converter channel specification register 0 ADAOS N N 00H
FFFFF203H AID converter mode register 2 ADAOM2 N N O0H
FFFFF204H Power-fail comparison mode register ADAOPFM N N 00H
FFFFF205H Power-fail comparison threshold value register ADAOPFT N N O0H
FFFFF210H A/D conversion result register 0 ADAOCRO R v | OOH
‘ FFFFF211H | A/D conversion result register OH ADAOCROH N O0H
FFFFF212H A/D conversion result register 1 ADAOCR1 v | OOH
‘ FFFFF213H | A/D conversion result register 1H ADAOCR1H N O0H
FFFFF214H AID conversion result register 2 ADAOCR2 v | OOH
‘ FFFFF215H | A/D conversion result register 2H ADAOCR2H N 00H
FFFFF216H A/D conversion result register 3 ADAOCR3 v | OOH
‘ FFFFF217H | A/D conversion result register 3H ADAOCR3H N O0H
FFFFF218H AID conversion result register 4 ADAOCR4 v | OOH
‘ FFFFF219H | A/D conversion result register 4H ADAOCR4H N O0H
FFFFF21AH A/D conversion result register 5 ADAOCRS5 v | OOH
‘ FFFFF21BH | A/D conversion result register 5H ADAOCRSH N O0H
FFFFF21CH AID conversion result register 6 ADAOCRG6 v | OOH
‘ FFFFF21DH | A/D conversion result register 6H ADAOCRGH N O0H
FFFFF21EH A/D conversion result register 7 ADAOCR7 v | OOH
‘ FFFFF21FH | A/D conversion result register 7H ADAOCR7H N O0H
FFFFF220H A/D conversion result register 8 ADAOCRS8 v | OOH
‘ FFFFF221H | A/D conversion result register 8H ADAOCRSH N O0H
FFFFF222H A/D conversion result register 9 ADAOCR9 v | OOH
‘ FFFFF223H | A/D conversion result register 9H ADAOCR9H N O0H
FFFFF224H AID conversion result register 10 ADAOCR10 v | OOH
‘ FFFFF225H | A/D conversion result register 10H ADAOCRI10H N O0H
FFFFF226H AID conversion result register 11 ADAOCR11 v | OOH
‘ FFFFF227H | A/D conversion result register 11H ADAOCR11H N 00H
FFFFF228H AID conversion result register 12 ADAOCR12 v | OOH
‘ FFFFF229H | A/D conversion result register 12H ADAOCR12H N 00H
FFFFF22AH A/D conversion result register 13 ADAOCR13 v | OOH
‘ FFFFF22BH | A/D conversion result register 13H ADAOCR13H N O0H
FFFFF22CH AID conversion result register 14 ADAOCR14 v | OOH
‘ FFFFF22DH | A/D conversion result register 14H ADAOCR14H N 00H
FFFFF22EH A/D conversion result register 15 ADAOCR15 v | OOH
‘ FFFFF22FH | A/D conversion result register 15H ADAOCR15H N O0H
FFFFF300H Key return mode register KRM R/W \ 00H
FFFFF308H Selector operation control register 0 SELCNTO N 00H
FFFFF318H Noise elimination control register NFC ~ O0H
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FFFFF400H Port 0 PO RW | + v Undefined
FFFFF402H Port 1 P1 VoY Undefined
FFFFF406H Port 3 P3 | Undefined
FFFFF406H | Port 3L P3L Vo N Undefined
FFFFF407H | Port 3H P3H VoY Undefined
FFFFF408H Port 4 P4 VoY Undefined
FFFFF40AH Port 5 P5 Vo N Undefined
FFFFF40EH Port 7L P7L Vo N Undefined
FFFFF40FH Port 7H P7H VoY Undefined
FFFFF412H Port 9 P9 V| Undefined
FFFFF412H | Port 9L PIL NN Undefined
FFFFF413H | Port 9H POH Vo N Undefined
FFFFF420H Port mode register 0 PMO \ \/ FFH
FFFFF422H Port mode register 1 PM1 Vo N FFH
FFFFF426H Port mode register 3 PM3 v | FFFFH
FFFFF426H | Port mode register 3L PM3L «/ v FFH
FFFFF427H | Port mode register 3H PM3H VoW FFH
FFFFF428H Port mode register 4 PM4 S V FFH
FFFFF42AH Port mode register 5 PM5 VoW FFH
FFFFF42EH Port mode register 7L PM7L J y FFH
FFFFF42FH Port mode register 7H PM7H V V FFH
FFFFF432H Port mode register 9 PM9 v | FFFFH
FFFFF432H | Port mode register 9L PMOL N[N FFH
FFFFF433H | Port mode register 9H PM9H VoW FFH
FFFFF440H Port mode control register 0 PMCO \ v 00H
FFFFF442H Port mode control register 1 PMC1 N N O0H
FFFFF446H Port mode control register 3 PMC3 N | 0000H
FFFFF446H | Port mode control register 3L PMC3L \ N O0H
FFFFF447H | Port mode control register 3H PMC3H N N 00H
FFFFF448H Port mode control register 4 PMC4 \ N O0H
FFFFF44AH Port mode control register 5 PMC5 N N OOH
FFFFF452H Port mode control register 9 PMC9 \' | 0000H
FFFFF452H | Port mode control register 9L PMCOL N N O0H
FFFFF453H | Port mode control register 9H PMC9H N N 00H
FFFFF460H Port function control register 0 PFCO \/ N O0H
FFFFF466H Port function control register 3L PFC3L \/ y 00H
FFFFF46AH Port function control register 5 PFC5 \ N OO0H
FFFFF472H Port function control register 9 PFC9 v | 0000H
FFFFF472H | Port function control register 9L PFCOL \/ v 00H
FFFFF473H | Port function control register 9H PFC9H \/ N O0H
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FFFFF540H TMQO control register 0 TQOCTLO R/W v v OOH
FFFFF541H TMQO control register 1 TQOCTL1 J y O0H
FFFFF542H TMQO 1/O control register 0 TQOIOCO \ v O0H
FFFFF543H TMQO /O control register 1 TQOIOC1 v v OOH
FFFFF544H TMQO I/O control register 2 TQOIOC2 S v O0H
FFFFF545H TMQO option register 0 TQOOPTO v v 00H
FFFFF546H TMQO capture/compare register 0 TQOCCRO \' | O0OOH
FFFFF548H TMQO capture/compare register 1 TQOCCR1 v | 0000H
FFFFF54AH TMQO capture/compare register 2 TQOCCR2 \/ 0000H
FFFFF54CH TMQO capture/compare register 3 TQOCCR3 \' | 000OH
FFFFF54EH TMQO counter read buffer register TQOCNT R \ 0000H
FFFFF590H TMPO control register 0 TPOCTLO RW | v O0H
FFFFF591H TMPO control register 1 TPOCTL1 \ v 00H
FFFFF592H TMPO I/O control register 0 TPOIOCO S v O0H
FFFFF593H TMPO 1/O control register 1 TPOIOC1 \ v 00H
FFFFF594H TMPO 1/O control register 2 TPOIOC2 \ v 00H
FFFFF595H TMPO option register 0 TPOOPTO S v O0H
FFFFF596H TMPO capture/compare register O TPOCCRO \/ 0000H
FFFFF598H TMPO capture/compare register 1 TPOCCR1 \' | O0OOH
FFFFF59AH TMPO counter read buffer register TPOCNT R v | 0000H
FFFFF5A0H TMP1 control register 0 TP1CTLO RW | v 00H
FFFFF5A1H TMP1 control register 1 TP1CTL1 J y 00H
FFFFF5A2H TMP1 1/O control register O TP110CO \ v 00H
FFFFF5A3H TMP1 I/O control register 1 TP1I0C1 J y 00H
FFFFF5A4H TMP1 I/O control register 2 TP1I0C2 J \ 00H
FFFFF5A5H TMP1 option register 0 TP1OPTO S v O0H
FFFFF5A6H TMP1 capture/compare register 0 TP1CCRO 0000H
FFFFF5A8H TMP1 capture/compare register 1 TP1CCR1 \/ 0000H
FFFFF5AAH TMP1 counter read buffer register TP1CNT R \' | 000OH
FFFFF5BOH TMP2 control register 0 TP2CTLO R/W \ v 00H
FFFFF5B1H TMP2 control register 1 TP2CTL1 \ v 00H
FFFFF5B2H TMP2 1/O control register O TP210CO \ v 00H
FFFFF5B3H TMP2 1/O control register 1 TP2I0C1 \ v O0H
FFFFF5B4H TMP2 I/O control register 2 TP210C2 S v O0H
FFFFF5B5H TMP2 option register 0 TP20PTO \ v O0H
FFFFF5B6H TMP2 capture/compare register 0 TP2CCRO \' | 000OH
FFFFF5B8H TMP2 capture/compare register 1 TP2CCR1 v | 0000H
FFFFF5BAH TMP2 counter read buffer register TP2CNT R 0000H
FFFFF5COH TMP3 control register 0 TP3CTLO RW | v 00H
FFFFF5C1H TMP3 control register 1 TP3CTL1 \ v 00H
FFFFF5C2H TMP3 I/O control register 0 TP310CO S v O0H
FFFFF5C3H TMP3 1/O control register 1 TP3IOC1 \ v 00H
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FFFFF5C4H TMP3 1/O control register 2 TP3I0C2 R/W \/ \ O00H
FFFFF5C5H TMP3 option register 0 TP30OPTO v \ O0H
FFFFF5C6H TMP3 capture/compare register 0 TP3CCRO N | 0000H
FFFFF5C8H TMP3 capture/compare register O TP3CCR1 v 0000H
FFFFF5CAH TMP3 counter read buffer register TP3CNT R v | 000OH
FFFFF610H TMQ1 control register 0 TQ1CTLO RIW | \ 00H
FFFFF611H TMQ1 control register 1 TQ1CTL1 \/ \ OOH
FFFFF612H TMQ1 I/O control register 0 TQ110CO N \ O0H
FFFFF613H TMQ1 I/O control register 1 TQ1l0C1 v \ O0H
FFFFF614H TMQ1 I/O control register 2 TQ1l0C2 N S O0H
FFFFF615H TMQ1 timer option register 0 TQ10PTO \ \ O0H
FFFFF616H TMQL1 capture/compare register 0 TQ1CCRO v | 000OH
FFFFF618H TMQ1 capture/compare register 1 TQ1CCR1 N | 0000H
FFFFF61AH TMQ1 capture/compare register 2 TQ1CCR2 N 0000H
FFFFF61CH TMQL1 capture/compare register 3 TQ1CCR3 N | 0000H
FFFFF61EH TMQZ1 counter read buffer register TQ1CNT R \/ 0000H
FFFFF680H Watch timer operation mode register WTM RIW | S O0H
FFFFF690H TMMO control register 0 TMOCTLO J J 00H
FFFFF694H TMMO compare register O TMOCMPO N 0000H
FFFFF6COH Oscillation stabilization time select register OSTS \ 06H
FFFFF6C1H PLL lockup time specification register PLLS \ 0O3H
FFFFF6DOH Watchdog timer mode register 2 WDTM2 S 67H
FFFFF6D1H Watchdog timer enable register WDTE \ 9AH
FFFFF706H Port function control expansion register 3L PFCE3L N S 00H
FFFFF70AH Port function control expansion register 5 PFCES5 \/ \ 00H
FFFFF712H Port function control expansion register 9 PFCE9 N 0000H

FFFFF712H | Port function control expansion register 9L PFCE9L N \ 00H

FFFFF713H | Port function control expansion register 9H PFCE9H \/ \ 00H
FFFFF802H System status register SYS N S O0H
FFFFF80CH Ring OSC mode register RCM v \ 00H
FFFFF810H DMA trigger source register O DTFRO \/ S O0H
FFFFF812H DMA trigger source register 1 DTFR1 \/ \ 00H
FFFFF814H DMA trigger source register 2 DTFR2 \/ S OOH
FFFFF816H DMA trigger source register 3 DTFR3 \/ S O0H
FFFFF820H Power save mode register PSMR \/ \ 00H
FFFFF824H Lock register LOCKR R N S O0H
FFFFF828H Processor clock control register PCC RW | \ 03H
FFFFF82CH PLL control register PLLCTL J J 01H
FFFFF82EH CPU operating clock status register CCLS R \/ \ 00H
FFFFF82FH Programmable clock mode register PCLM RW | \ 00H
FFFFF870H Clock monitor mode register CLM N S O0H
FFFFF888H Reset source flag register RESF \/ \ 00H
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FFFFF890H Low-voltage detection register LVIM RW | v 00H
FFFFF891H Low-voltage detection level select register LVIS \ O00H
FFFFF892H Internal RAM data status register RAMS NN 01H
FFFFF8BOH Prescaler mode register 0 PRSMO \/ O00OH
FFFFF8B1H Prescaler compare register 0 PRSCMO \/ 00H
FFFFFOFCH On-chip debug mode register OCDM v v 01H
FFFFFOFEH Peripheral emulation register 1 PEMU1 \/ \ 00H
FFFFFAQOH UARTAO control register 0 UAOCTLO N A 10H
FFFFFAO1H UARTAO control register 1 UAOCTL1 \/ OOH
FFFFFAO2H UARTAO control register 2 UAOCTL2 \/ FFH
FFFFFAO3H UARTAO option control register O UAOOPTO \/ \/ 14H
FFFFFAO4H UARTAO status register UAOSTR N «/ 00H
FFFFFAO6H UARTAQO receive data register UAORX R N FFH
FFFFFAO7H UARTAO transmit data register UAOTX R/W \/ FFH
FFFFFALOH UARTAL control register 0 UALCTLO VoA 10H
FFFFFA11H UARTAL control register 1 UALCTL1 \/ O00H
FFFFFA12H UARTAL control register 2 UALCTL2 N FFH
FFFFFA13H UARTAL option control register O UA1OPTO \/ \/ 14H
FFFFFA14H UARTAL status register UA1STR v \ 00H
FFFFFA16H UARTAL receive data register UALRX R N FFH
FFFFFAL17H UARTAL receive data register UALTX R/W S FFH
FFFFFA20H UARTAZ control register 0 UA2CTLO «/ N 10H
FFFFFA21H UARTA2 control register 1 UA2CTL1 \/ O00H
FFFFFA22H UARTA2 control register 2 UA2CTL2 N FFH
FFFFFA23H UARTA2 option control register 0 UA20PTO NN 14H
FFFFFA24H UARTA?Z status register UA2STR v \ 00H
FFFFFA26H UARTAZ receive data register UA2RX R N FFH
FFFFFA27H UARTA2 transmit data register UA2TX R/W \/ FFH
FFFFFBOOH TIPOO noise eliminator control register POONFC N N 00H
FFFFFBO4H TIPO1 noise eliminator control register POINFC VoW 0OH
FFFFFBOSH TIP10 noise eliminator control register P10NFC \ \/ 00H
FFFFFBOCH TIP11 noise eliminator control register P11INFC NN O0H
FFFFFB10H TIP20 noise eliminator control register P20NFC \ \/ 00H
FFFFFB14H TIP21 noise eliminator control register P21NFC N N 00H
FFFFFB18H TIP30 noise eliminator control register P30ONFC VoW O0OH
FFFFFB1CH TIP31 noise eliminator control register P31NFC \/ N 00H
FFFFFB50H TIQOO noise eliminator control register QOONFC N N 00H
FFFFFB54H TIQO1 noise eliminator control register QOINFC NN O0H
FFFFFB58H TIQO2 noise eliminator control register QO2NFC N N 00H
FFFFFB5CH TIQO3 noise eliminator control register QO3NFC \ \ OOH

Caution For OCDM details, refer to CHAPTER 26 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).

162

User's Manual U17830EE1VOUMO0



CHAPTER 3 CPU FUNCTIONS

(9/9)

Manipulatable Bits

Address Function Register Name Symbol R/W Default Value
1 8 16
FFFFFB60OH | TIQ10 noise eliminator control register Q10NFC RIW | v O0H
FFFFFB64H | TIQ11 noise eliminator control register Q11INFC N v 00H
FFFFFB68H | TIQ12 noise eliminator control register Q12NFC \ v 00H
FFFFFB6CH | TIQ13 noise eliminator control register Q13NFC N v 00H
FFFFFCOOH External interrupt falling edge specification register 0 INTFO N v 00H
FFFFFCO2H External interrupt falling edge specification register 1 INTF1 S v 00H
FFFFFCO6H External interrupt falling edge specification register 3 INTF3 N | 0000H
FFFFFCO6H | External interrupt falling edge specification register 3L | INTF3L \/ v 00H
FFFFFCO7H | External interrupt falling edge specification register 3H | INTF3H N v 00H
FFFFFC13H External interrupt falling edge specification register 9H | INTF9H \ v 00H
FFFFFC20H | External interrupt rising edge specification register 0 INTRO \ v O0H
FFFFFC22H External interrupt rising edge specification register 1 INTR1 N v 00H
FFFFFC26H External interrupt rising edge specification register 3 INTR3 N | 000OH
FFFFFC26H | External interrupt rising edge specification register 3L | INTR3L N v 00H
FFFFFC27H | External interrupt rising edge specification register 3H | INTR3H \ v 00H
FFFFFC33H External interrupt rising edge specification register 9H | INTR9H N v 00H
FFFFFC40H | Pull-up resistor option register O PUO \/ v 00H
FFFFFC42H | Pull-up resistor option register 1 PU1 \ v O0H
FFFFFC46H Pull-up resistor option register 3 PU3 N | 0000H
FFFFFC46H | Pull-up resistor option register 3L PU3L \/ v 00H
FFFFFC47H | Pull-up resistor option register 3H PU3H N v 00H
FFFFFC48H | Pull-up resistor option register 4 PU4 \/ v 00H
FFFFFC4AH | Pull-up resistor option register 5 PU5 \ v O0H
FFFFFC52H Pull-up resistor option register 9 PU9 N | 0000H
FFFFFC52H | Pull-up resistor option register 9L PUIL v v O0H
FFFFFC53H | Pull-up resistor option register 9H PU9H S v 00H
FFFFFDOOH | CSIBO control register 0 CBOCTLO VoY 01H
FFFFFDO1H | CSIBO control register 1 CBOCTL1 N v O0H
FFFFFDO2H CSIBO control register 2 CBOCTL2 v 00H
FFFFFDO3H | CSIBO status register CBOSTR \ v O0H
FFFFFDO4H CSIBO receive data register CBORX R N | 0000H
‘ FFFFFDO4H | CSIBO receive data register L CBORXL v 00H
FFFFFDO6H CSIBO transmit data register CBOTX R/W v | 000OH
‘ FFFFFDO6H | CSIBO transmit data register L CBOTXL v 00H
FFFFFD10H | CSIB1 control register 0 CB1CTLO v v 01H
FFFFFD11H | CSIB1 control register 1 CB1CTL1 VoW 00H
FFFFFD12H CSIB1control register 2 CB1CTL2 v 00H
FFFFFD13H | CSIBL1 status register CB1STR N v 00H
FFFFFD14H CSIB1 receive data register CB1RX R N | 0000H
‘ FFFFFD14H | CSIB1 receive data register L CB1RXL v 00H
FFFFFD16H CSIB1 transmit data register CB1TX R/W N | 0000H
‘ FFFFFD16H | CSIB1 transmit data register L CB1TXL v OOH
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(1/12)

Manipulatable Bits

Address Function Register Name Symbol R/W Default Value
1 8 16
FFFFFO04H Port DL PDL R/W \/ Undefined
FFFFFO04H | Port DLL PDLL N \ Undefined
FFFFFOO5H | Port DLH PDLH \/ v Undefined
FFFFFOO8H Port CS PCS N N Undefined
FFFFFOOAH Port CT PCT v \ Undefined
FFFFFOOCH Port CM PCM N ~ Undefined
FFFFFOOEH Port CD PCD \/ \/ Undefined
FFFFF024H Port mode register DL PMDL ~ FFFFH
FFFFF024H | Port mode register DLL PMDLL N ~ FFH
FFFFFO25H | Port mode register DLH PMDLH N N FFH
FFFFF028H Port mode register CS PMCS N ~ FFH
FFFFFO2AH Port mode register CT PMCT N N FFH
FFFFF02CH Port mode register CM PMCM N ~ FFH
FFFFFO2EH Port mode register CD PMCD N ~ FFH
FFFFF044H Port mode control register DL PMCDL v | 0000H
FFFFF044H | Port mode control register DLL PMCDLL N ~ 00H
FFFFFO45H | Port mode control register DLH PMCDLH N N 00H
FFFFF048H Port mode control register CS PMCCS N ~ 00H
FFFFFO4AH Port mode control register CT PMCCT N N 00H
FFFFF04CH Port mode control register CM PMCCM N ~ 00H
FFFFFO064H Peripheral 1/0 area select control register BPC v | 0000H
FFFFFO66H Bus size configuration register bus BSC N 5555H
FFFFFO6EH System wait control register VSWC N 77H
FFFFFO80H DMA source address register OL DSAOL N Undefined
FFFFF082H DMA source address register OH DSAOH ~ Undefined
FFFFF084H DMA destination address register OL DDAOL N Undefined
FFFFFO86H DMA destination address register OH DDAOH N Undefined
FFFFF088H DMA source address register 1L DSAI1L ~ Undefined
FFFFFO8AH DMA source address register 1H DSA1H N Undefined
FFFFFO8CH DMA destination address register 1L DDAI1L ~ Undefined
FFFFFO8EH DMA destination address register 1H DDA1H N Undefined
FFFFFO90H DMA source address register 2L DSA2L ~ Undefined
FFFFF092H DMA source address register 2H DSA2H ~ Undefined
FFFFF094H DMA destination address register 2L DDA2L N Undefined
FFFFF096H DMA destination address register 2H DDA2H ~ Undefined
FFFFFO98H DMA source address register 3L DSA3L N Undefined
FFFFFO9AH DMA source address register 3H DSA3H ~ Undefined
FFFFFO9CH DMA destination address register 3L DDA3L N Undefined
FFFFFO9EH DMA destination address register 3H DDA3H N Undefined
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Address Function Register Name Symbol R/W Default Value
1 8 16
FFFFFOCOH DMA transfer count register 0 DBCO R/W ~ Undefined
FFFFFOC2H DMA transfer count register 1 DBC1 N Undefined
FFFFFOC4H DMA transfer count register 2 DBC2 ~ Undefined
FFFFFOC6H DMA transfer count register 3 DBC3 N Undefined
FFFFFODOH DMA addressing control register O DADCO v | 0000H
FFFFFOD2H DMA addressing control register 1 DADC1 N 0000H
FFFFFOD4H DMA addressing control register 2 DADC2 v | 0000H
FFFFFOD6H DMA addressing control register 3 DADC3 N 0000H
FFFFFOEOH DMA channel control register O DCHCO N N 00H
FFFFFOE2H DMA channel control register 1 DCHC1 N N 00H
FFFFFOE4H DMA channel control register 2 DCHC2 N N 00H
FFFFFOEGH DMA channel control register 3 DCHC3 N N 00H
FFFFF100H Interrupt mask register 0 IMRO \/ FFFFH
FFFFF100H | Interrupt mask register OL IMROL N N FFH
FFFFF101H | Interrupt mask register OH IMROH N FFH
FFFFF102H Interrupt mask register 1 IMR1 «/ FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L N N FFH
FFFFF103H | Interrupt mask register 1H IMR1H N FFH
FFFFF104H Interrupt mask register 2 IMR2 \/ FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L FFH
FFFFF105H | Interrupt mask register 2H IMR2H N FFH
FFFFF106H Interrupt mask register 3 IMR3 \/ FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L N FFH
FFFFF107H | Interrupt mask register 3H IMR3H N N FFH
FFFFF108H Interrupt mask register 4 IMR4 N FFFFH
FFFFF108H | Interrupt mask register 4L IMRAL N N FFH
FFFFF109H | Interrupt mask register 4H IMR4H N N FFH
FFFFF10AH Interrupt mask register 5L IMR5L N N FFH
FFFFF110H Interrupt control register LviIC N N 47H
FFFFF112H Interrupt control register PICO N N 47H
FFFFF114H Interrupt control register PIC1 N N 47H
FFFFF116H Interrupt control register PIC2 N N 47H
FFFFF118H Interrupt control register PIC3 N N 47H
FFFFF11AH Interrupt control register PIC4 N N 47H
FFFFF11CH Interrupt control register PIC5 N N 47H
FFFFF11EH Interrupt control register PIC6 N N 47H
FFFFF120H Interrupt control register PIC7 N N 47H
FFFFF122H Interrupt control register TQOOVIC N N 47H
FFFFF124H Interrupt control register TQOCCICO N N 47H
FFFFF126H Interrupt control register TQOCCIC1 N N 47H
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1 8 16
FFFFF128H Interrupt control register TQOCCIC2 R/W N N 47H
FFFFF12AH Interrupt control register TQOCCIC3 N N 47H
FFFFF12CH Interrupt control register TPOOVIC N N 47H
FFFFF12EH Interrupt control register TPOCCICO N N 47H
FFFFF130H Interrupt control register TPOCCIC1 N N 47H
FFFFF132H Interrupt control register TP10OVIC N N 47H
FFFFF134H Interrupt control register TP1CCICO N N 47H
FFFFF136H Interrupt control register TP1CCIC1 N N 47H
FFFFF138H Interrupt control register TP20OVIC N N 47H
FFFFF13AH Interrupt control register TP2CCICO N N 47H
FFFFF13CH Interrupt control register TP2CCIC1 N N 47H
FFFFF13EH Interrupt control register TP30OVIC N N 47H
FFFFF140H Interrupt control register TP3CCICO N N 47H
FFFFF142H Interrupt control register TP3CCIC1 N N 47H
FFFFF144H Interrupt control register TMOEQICO N N 47H
FFFFF146H Interrupt control register CBORIC N N 47H
FFFFF148H Interrupt control register CBOTIC N N 47H
FFFFF14AH Interrupt control register CBI1RIC N N 47H
FFFFF14CH Interrupt control register CB1TIC N N 47H
FFFFF14EH Interrupt control register UAORIC N N 47H
FFFFF150H Interrupt control register UAOTIC N N 47H
FFFFF152H Interrupt control register UA1RIC N N 47H
FFFFF154H Interrupt control register UALTIC N N 47H
FFFFF156H Interrupt control register ADIC N N 47H
FFFFF158H Interrupt control register COERRIC N N 47H
FFFFF15AH Interrupt control register COWUPIC N N 47H
FFFFF15CH Interrupt control register CORECIC N N 47H
FFFFF15EH Interrupt control register COTRXIC N N 47H
FFFFF160H Interrupt control register KRIC N N 47H
FFFFF162H Interrupt control register WTIIC N N 47H
FFFFF164H Interrupt control register WTIC N N 47H
FFFFF166H Interrupt control register PIC8 N N 47H
FFFFF168H Interrupt control register PIC9 N N 47H
FFFFF16AH Interrupt control register PIC10 N N 47H
FFFFF16CH Interrupt control register TQlovIC N N 47H
FFFFF16EH Interrupt control register TQ1CCICO N N 47H
FFFFF170H Interrupt control register TQ1CCIC1 N N 47H
FFFFF172H Interrupt control register TQ1CCIC2 N N 47H
FFFFF174H Interrupt control register TQ1CCIC3 N N 47H
FFFFF176H Interrupt control register UAZRIC N N 47H
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1 8 16
FFFFF178H Interrupt control register UA2TIC R/IW N N 47H
FFFFF17AH Interrupt control register C1ERRIC N N 47H
FFFFF17CH Interrupt control register C1WUPIC N N 47H
FFFFF17EH Interrupt control register C1RECIC N N 47H
FFFFF180H Interrupt control register C1TRXIC N N 47H
FFFFF182H Interrupt control register DMAICO N N 47H
FFFFF184H Interrupt control register DMAIC1 N N 47H
FFFFF186H Interrupt control register DMAIC2 N N 47H
FFFFF188H Interrupt control register DMAIC3 N N 47H
FFFFF18AH Interrupt control register PIC11 N N 47H
FFFFF18CH Interrupt control register PIC12 N N 47H
FFFFF18EH Interrupt control register PIC13 N N 47H
FFFFF190H Interrupt control register PIC14 N N 47H
FFFFF192H Interrupt control register TQ20VIC N N 47H
FFFFF194H Interrupt control register TQ2CCICO N N 47H
FFFFF196H Interrupt control register TQ2CCIC1 N N 47H
FFFFF198H Interrupt control register TQ2CCIC2 N N 47H
FFFFF19AH Interrupt control register TQ2CCIC3 N N 47H
FFFFF19CH Interrupt control register CB2RIC N N 47H
FFFFF19EH Interrupt control register CB2TIC N N 47H
FFFFF1AOH Interrupt control register UA3RIC N N 47H
FFFFF1A2H Interrupt control register UA3TIC N N 47H
FFFFF1A4H Interrupt control register C2ERRIC N N 47H
FFFFF1AGH Interrupt control register C2WUPIC N N 47H
FFFFF1A8H Interrupt control register C2RECIC N N 47H
FFFFF1AAH Interrupt control register C2TRXIC N N 47H
FFFFF1ACH Interrupt control register C3ERRIC N N 47H
FFFFF1AEH Interrupt control register C3WUPIC N N 47H
FFFFF1BOH Interrupt control register C3RECIC N N 47H
FFFFF1B2H Interrupt control register C3TRXIC N N 47H
FFFFF1FAH In-service priority register ISPR R N N 00H
FFFFF1FCH Command register PRCMD W N Undefined
FFFFF1FEH Power save control register PSC R/IW N N 00H
FFFFF200H A/D converter mode register 0 ADAOMO N N O0OH
FFFFF201H AID converter mode register 1 ADAOM1 N N 00H
FFFFF202H A/D converter channel specification register 0 ADAOS N N 00H
FFFFF203H AID converter mode register 2 ADAOM2 N N 00H
FFFFF204H Power-fail comparison mode register ADAOPFM N N 00H
FFFFF205H Power-fail comparison threshold value register ADAOPFT N N 00H

User's Manual U17830EE1VOUMO0

167



CHAPTER 3 CPU FUNCTIONS

(5/12)

Manipulatable Bits
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1 8 16
FFFFF210H AID conversion result register 0 ADAOCRO R v | OOH
‘ FFFFF211H | A/D conversion result register OH ADAOCROH N O0H
FFFFF212H AID conversion result register 1 ADAOCR1 v | OOH
‘ FFFFF213H | A/D conversion result register 1H ADAOCR1H N 00H
FFFFF214H A/D conversion result register 2 ADAOCR2 v | OOH
‘ FFFFF215H | A/D conversion result register 2H ADAOCR2H N 00H
FFFFF216H A/D conversion result register 3 ADAOCR3 v | OOH
‘ FFFFF217H | A/D conversion result register 3H ADAOCR3H N O0H
FFFFF218H AID conversion result register 4 ADAOCR4 v | OOH
‘ FFFFF219H | A/D conversion result register 4H ADAOCR4H N 00H
FFFFF21AH A/D conversion result register 5 ADAOCRS5 v | OOH
‘ FFFFF21BH | A/D conversion result register 5H ADAOCRSH N O0H
FFFFF21CH AID conversion result register 6 ADAOCRG6 v | OOH
‘ FFFFF21DH | A/D conversion result register 6H ADAOCRGH N O0H
FFFFF21EH A/D conversion result register 7 ADAOCR7 v | OOH
‘ FFFFF21FH | A/D conversion result register 7H ADAOCR7H N 00H
FFFFF220H A/D conversion result register 8 ADAOCRS8 v | OOH
‘ FFFFF221H | A/D conversion result register 8H ADAOCRSH N O0H
FFFFF222H AID conversion result register 9 ADAOCR9 v | OOH
‘ FFFFF223H | A/D conversion result register 9H ADAOCR9H N O0H
FFFFF224H AID conversion result register 10 ADAOCR10 v | OOH
‘ FFFFF225H | A/D conversion result register 10H ADAOCR10H N O0H
FFFFF226H AID conversion result register 11 ADAOCR11 v | OOH
‘ FFFFF227H | A/D conversion result register 11H ADAOCR11H N 00H
FFFFF228H AID conversion result register 12 ADAOCR12 v | OOH
‘ FFFFF229H | A/D conversion result register 12H ADAOCR12H N 00H
FFFFF22AH A/D conversion result register 13 ADAOCR13 v | OOH
‘ FFFFF22BH | A/D conversion result register 13H ADAOCR13H N 00H
FFFFF22CH AID conversion result register 14 ADAOCR14 v | OOH
‘ FFFFF22DH | A/D conversion result register 14H ADAOCR14H N 00H
FFFFF22EH A/D conversion result register 15 ADAOCR15 v | OOH
‘ FFFFF22FH | A/D conversion result register 15H ADAOCR15H N O0H
FFFFF230H AID conversion result register 16 ADAOCR16 v | OOH
‘ FFFFF231H | A/D conversion result register 16H ADAOCR16H N O0H
FFFFF232H A/D conversion result register 17 ADAOCR17 v | OOH
‘ FFFFF233H | A/D conversion result register 17H ADAOCR17H N 00H
FFFFF234H A/D conversion result register 18 ADAOCR18 v | OOH
‘ FFFFF235H | A/D conversion result register 18H ADAOCR18H N O0H
FFFFF236H AID conversion result register 19 ADAOCR19 v | OOH
‘ FFFFF237H | A/D conversion result register 19H ADAOCR19H N O0H
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1 8 16
FFFFF238H A/D conversion result register 20 ADAOCR20 R ~ 00H
| FFFFF239H | A/D conversion result register 20H ADAOCR20H v 00H
FFFFF23AH A/D conversion result register 21 ADAOCR21 ~ 00H
| FFFFF23BH | A/D conversion result register 21H ADAOCR21H N O0H
FFFFF23CH A/D conversion result register 22 ADAOCR22 v | 00H
| FFFFF23DH | A/D conversion result register 22H ADAOCR22H v 00H
FFFFF23EH A/D conversion result register 23 ADAOCR23 v | OOH
| FFFFF23FH | A/D conversion result register 23H ADAOCR23H v 00H
FFFFF300H Key return mode register KRM R/W N N 00H
FFFFF308H Selector operation control register 0 SELCNTO ~ ~ 00H
FFFFF30AH Selector operation control register 1 SELCNT1 N N 00H
FFFFF318H Noise elimination control register NFC ~ ~ 00H
FFFFF400H Port 0 PO VoW Undefined
FFFFF402H Port 1 P1 VoW Undefined
FFFFF406H Port 3 P3 V| Undefined
FFFFF406H | Port 3L P3L NN Undefined
FFFFF407H | Port 3H P3H Vo N Undefined
FFFFF408H Port 4 P4 VoY Undefined
FFFFF40AH Port 5 P5 VoY Undefined
FFFFF40CH Port 6 P6 V| Undefined
FFFFF40CH | Port 6L P6L v | N Undefined
FFFFF40DH | Port 6H P6H Vo N Undefined
FFFFF40EH Port 7L P7L VoY Undefined
FFFFF40FH Port 7H P7H VoY Undefined
FFFFF410H Port 8 P8 VoY Undefined
FFFFF412H Port 9 P9 V| Undefined
FFFFF412H | Port 9L POL v | N Undefined
FFFFF413H | Port 9H POH VoA Undefined
FFFFF418H Port 12 P12 VoY Undefined
FFFFF420H Port mode register 0 PMO NN FFH
FFFFF422H Port mode register 1 PM1 S V FFH
FFFFF426H Port mode register 3 PM3 v | FFFFH
FFFFF426H | Port mode register 3L PM3L S S FFH
FFFFF427H | Port mode register 3H PM3H «/ N FFH
FFFFF428H Port mode register 4 PM4 \/ \/ FFH
FFFFF42AH Port mode register 5 PM5 S v FFH
FFFFF42CH Port mode register 6 PM6 \ | FFFFH

User's Manual U17830EE1VOUMO0

169



CHAPTER 3 CPU FUNCTIONS

(7/11)

Manipulatable Bits
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1 8 16
FFFFF42CH | Port mode register 6L PM6L RW | v | FFH
FFFFF42DH | Port mode register 6H PM6H VoW FFH
FFFFF42EH Port mode register 7L PM7L N d FFH
FFFFF42FH Port mode register 7H PM7H NN FFH
FFFFF430H Port mode register 8 PM8 N «/ FFH
FFFFF432H Port mode register 9 PM9 v FFFFH
FFFFF432H | Port mode register 9L PMOL VoW FFH
FFFFF433H | Port mode register 9H PM9H N d FFH
FFFFF438H Port mode register 12 PM12 oW FFH
FFFFF440H Port mode control register 0 PMCO N \/ 00H
FFFFF442H Port mode control register 1 PMC1 v v 00H
FFFFF446H Port mode control register 3 PMC3 v | 0000H
FFFFF446H | Port mode control register 3L PMC3L N N O0H
FFFFF447H | Port mode control register 3H PMC3H N \/ 00H
FFFFF448H Port mode control register 4 PMC4 N \/ O0H
FFFFF44AH Port mode control register 5 PMC5 v v 00H
FFFFF44CH Port mode control register 6 PMC6 v | 0000H
FFFFF44CH | Port mode control register 6L PMC6L NN 0OH
FFFFF44DH | Port mode control register 6H PMC6H N \/ 00H
FFFFF450H Port mode control register 8 PMC8 N \/ O0H
FFFFF452H Port mode control register 9 PMC9 v | 0000H
FFFFF452H | Port mode control register 9L PMCOL N N 00H
FFFFF453H | Port mode control register 9H PMC9H VoY 0OH
FFFFF460H Port function control register 0 PFCO N N 00H
FFFFF466H Port function control register 3L PFC3L N \/ O0H
FFFFF46AH Port function control register 5 PFC5 N \/ 00H
FFFFF46CH Port function control register 6 PFC6 N | 0000H
FFFFF46CH | Port function control register 6L PFC6L VoY 0OH
FFFFF46DH | Port function control register 6H PFC6H N \/ 00H
FFFFF472H Port function control register 9 PFC9 v | 0000H
FFFFF472H | Port function control register 9L PFCOL N \/ 00H
FFFFF473H | Port function control register 9H PFC9H N \/ O0H
FFFFF484H Data wait control register 0 DWCO0 v T777H
FFFFF488H Address wait control register AWC v FFFFH
FFFFF48AH Bus cycle control register BCC v | AAAAH
FFFFF540H TMQO control register 0 TQOCTLO N N 00H
FFFFF541H TMQO control register 1 TQOCTL1 N \ 00H
FFFFF542H TMQO I/O control register 0 TQOIOCO N v 00H
FFFFF543H TMQO I/O control register 1 TQOIOC1 N \ 00H
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1 8 | 16
FFFFF544H TMQO I/O control register 2 TQOIOC2 R/W \ \ OOH
FFFFF545H TMQO option register 0 TQOOPTO v \ O0H
FFFFF546H TMQO capture/compare register 0 TQOCCRO N | 0000H
FFFFF548H TMQO capture/compare register 1 TQOCCR1 v 0000H
FFFFF54AH TMQO capture/compare register 2 TQOCCR2 v | 000OH
FFFFF54CH TMQO capture/compare register 3 TQOCCR3 v 0000H
FFFFF54EH TMQO counter read buffer register TQOCNT R N 0000H
FFFFF590H TMPO control register 0 TPOCTLO RW | \ 00H
FFFFF591H TMPO control register 1 TPOCTL1 S J O0H
FFFFF592H TMPO I/O control register 0 TPOIOCO N S O0H
FFFFF593H TMPO 1/O control register 1 TPOIOC1 \/ < 00H
FFFFF594H TMPO I/O control register 2 TPOIOC2 N S O0H
FFFFF595H TMPO option register 0 TPOOPTO N \ 00H
FFFFF596H TMPO capture/compare register 0 TPOCCRO N | 000OH
FFFFF598H TMPO capture/compare register 1 TPOCCR1 N | 0000H
FFFFF59AH TMPO counter read buffer register TPOCNT R N | 0000H
FFFFF5AOH TMP1 control register 0 TP1CTLO RW | J 00H
FFFFF5A1H TMP1 control register 1 TP1CTL1 v \ 00H
FFFFF5A2H TMP1 I/O control register 0 TP110CO v \ O0H
FFFFF5A3H TMP1 1/O control register 1 TP1I0C1 J J 00H
FFFFF5A4H TMP1 I/O control register 2 TP1l0C2 J J O0H
FFFFF5A5H TMP1 option register 0 TP10PTO N S O0H
FFFFF5A6H TMP1 capture/compare register O TP1CCRO v 0000H
FFFFF5A8H TMP1 capture/compare register 1 TP1CCR1 v | 000OH
FFFFF5AAH TMP1 counter read buffer register TP1CNT R N | 0000H
FFFFF5BOH TMP2 control register 0 TP2CTLO R/W \/ \ OOH
FFFFF5B1H TMP2 control register 1 TP2CTL1 J J 00H
FFFFF5B2H TMP2 I/O control register O TP210CO \/ \ 00H
FFFFF5B3H TMP2 I/O control register 1 TP2I0C1 N S O0H
FFFFF5B4H TMP2 1/O control register 2 TP210C2 \/ \ O00H
FFFFF5B5H TMP2 option register 0 TP20PTO v S O0H
FFFFF5B6H TMP2 capture/compare register 0 TP2CCRO N | 0000H
FFFFF5B8H TMP2 capture/compare register 1 TP2CCR1 N 0000H
FFFFF5BAH TMP2 counter read buffer register TP2CNT R v | 000OH
FFFFF5COH TMP3 control register 0 TP3CTLO RW | \ 00H
FFFFF5C1H TMP3 control register 1 TP3CTL1 N S O0H
FFFFF5C2H TMP3 I/O control register 0 TP3I0CO N \ 00H
FFFFF5C3H TMP3 I/O control register 1 TP3I0C1 v \ O0H
FFFFF5C4H TMP3 I/O control register 2 TP3I0C2 d \ 00H
FFFFF5C5H TMP3 option register 0 TP30PTO v \ 00H
FFFFF5C6H TMP3 capture/compare register 0 TP3CCRO v | 000OH
FFFFF5C8H TMP3 capture/compare register 1 TP3CCR1 v 0000H
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FFFFF5CAH TMP3 counter read buffer register TP3CNT R \' | 0000H
FFFFF610H TMQL timer control register 0 TQICTLO RIW | v O0H
FFFFF611H TMQ1 control register 1 TQ1CTL1 \ v O0H
FFFFF612H TMQ1 1/O control register O TQ1l0CO0 v v OOH
FFFFF613H TMQL I/O control register 1 TQ1I0C1 S v O0H
FFFFF614H TMQZ1 I/O control register 2 TQ1l0C2 v v OOH
FFFFF615H TMQL1 timer option register TQ10PTO S v O0H
FFFFF616H TMQZ1 capture/compare register 0 TQ1CCRO v | 0000H
FFFFF618H TMQ1 capture/compare register 1 TQ1CCR1 \/ 0000H
FFFFF61AH TMQ1 capture/compare register 2 TQLCCR2 \' | 000OH
FFFFF61CH TMQL1 capture/compare register 3 TQ1CCR3 \/ 0000H
FFFFF61EH TMQZ1 counter read buffer register TQLCNT R \' | 000OH
FFFFF620H TMQ2 control register O TQ2CTLO RW | v O0H
FFFFF621H TMQ?2 control register 1 TQ2CTL1 S v OOH
FFFFF622H TMQ2 1/O control register 0 TQ2I0CO \ v O0H
FFFFF623H TMQ?2 1/O control register 1 TQ2I0C1 v v OOH
FFFFF624H TMQ2 I/O control register 2 TQ2I0C2 S v O0H
FFFFF625H TMQ2 option register TQ20PTO \' | OOH
FFFFF626H TMQ?2 capture/compare register 0 TQ2CCRO \/ 0000H
FFFFF628H TMQ?2 capture/compare register 1 TQ2CCR1 v | 0000H
FFFFF62AH TMQ?2 capture/compare register 2 TQ2CCR2 \/ 0000H
FFFFF62CH TMQ?2 capture/compare register 3 TQ2CCR3 \' | 000OH
FFFFF62EH TMQ?2 counter read buffer register TQ2CNT R \ 0000H
FFFFF680H Watch timer operation mode register WTM RIW | v O0H
FFFFF690H TMMO control register O TMOCTLO v 00H
FFFFF694H TMMO compare register 0 TMOCMPO \/ 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
FFFFF706H Port function control expansion register 3L PFCE3L S v O0H
FFFFF70AH Port function control expansion register 5 PFCES5 \ v 00H
FFFFF712H Port function control expansion register 9 PFCE9 \' | 0000H

FFFFF712H | Port function control expansion register 9L PFCE9L S v 00H

FFFFF713H | Port function control expansion register 9H PFCE9H \ v 00H
FFFFF802H System status register SYS S v O0H
FFFFF80CH Ring OSC mode register RCM \ v 00H
FFFFF810H DMA trigger source register 0 DTFRO S v O0H
FFFFF812H DMA trigger source register 1 DTFR1 \ v 00H
FFFFF814H DMA trigger source register 2 DTFR2 \ v O0H
FFFFF816H DMA trigger source register 3 DTFR3 S v O0H
FFFFF820H Power save mode register PSMR \ v O0H
FFFFF824H Lock register LOCKR R S v O0H
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Manipulatable Bits

Address Function Register Name Symbol R/W Default Value
1 8 16
FFFFF828H Processor clock control register PCC RW | v 03H
FFFFF82CH PLL control register PLLCTL NN 01H
FFFFF82EH CPU operating clock status register CCLS R N O0H
FFFFF82FH Programmable clock mode register PCLM RW | v 00H
FFFFF870H Clock monitor mode register CLM N N 00H
FFFFF888H Reset source flag register RESF v v 00H
FFFFF890H Low-voltage detection register LVIM N N O0H
FFFFF891H Low-voltage detection level select register LVIS N O00H
FFFFF892H Internal RAM data status register RAMS N N 01H
FFFFF8BOH Prescaler mode register 0 PRSMO N 00H
FFFFF8B1H Prescaler compare register O PRSCMO v O0OH
FFFFFOFCH On-chip debug mode register OCDM N N 01H
FFFFFOFEH Peripheral emulation register 1 PEMU1 N O0H
FFFFFAQOH UARTAO control register 0 UAOCTLO NN 10H
FFFFFAO1H UARTAO control register 1 UAOCTL1 N 00H
FFFFFAO2H UARTAO control register 2 UAOCTL2 v FFH
FFFFFAO3H UARTAO option control register 0 UAOOPTO N N 14H
FFFFFAO4H UARTAO status register UAOSTR Nl A 00H
FFFFFAO6H UARTAO receive data register UAORX R N FFH
FFFFFAO7H UARTAO transmit data register UAOTX R/W N FFH
FFFFFA10H UARTA1 control register 0 UAICTLO N A 10H
FFFFFA11H UARTAL control register 1 UALCTL1 N 00H
FFFFFA12H UARTAL control register 2 UALCTL2 v FFH
FFFFFA13H UARTAL option control register 0 UA10PTO N N 14H
FFFFFAL4H UARTAL status register UALSTR VoA 00H
FFFFFA16H UARTAL receive data register UALRX R v FFH
FFFFFAL17H UARTAL receive data register UALTX R/W N FFH
FFFFFA20H UARTA2 control register O UA2CTLO v v 10H
FFFFFA21H UARTAZ control register 1 UA2CTL1 N 00H
FFFFFA22H UARTA2 control register 2 UA2CTL2 v FFH
FFFFFA23H UARTA2 option control register 0 UA20PTO NN 14H
FFFFFA24H UARTA2 status register UA2STR NN O0H
FFFFFA26H UARTAZ2 receive data register UA2RX R v FFH
FFFFFA27H UARTA2 transmit data register UA2TX R/W N FFH
FFFFFA30H UARTAS control register 0 UA3CTLO v v 10H
FFFFFA31H UARTAS control register 1 UA3CTL1 N 00H
FFFFFA32H UARTAS control register 2 UA3CTL2 N FFH
FFFFFA33H UARTA3 option control register 0 UA30PTO N N 14H
FFFFFA34H UARTAS3 status register UA3STR NN O0H
FFFFFA36H UARTAS receive data register UA3RX R v FFH
FFFFFA37H UARTAS transmit data register UA3TX R/W N FFH

Caution For OCDM details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).
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Manipulatable Bits

Address Function Register Name Symbol R/W Default Value
1 8 16

FFFFFBOOH | TIPOO noise eliminator control register POONFC RIW | N O0H
FFFFFBO4H | TIPO1 noise eliminator control register PO1NFC S N O0H
FFFFFBOSH | TIP10 noise eliminator control register P1ONFC Vo 00H
FFFFFBOCH | TIP11 noise eliminator control register P11NFC S N 00H
FFFFFB10H | TIP20 noise eliminator control register P20NFC \ N 00H
FFFFFB14H | TIP21 noise eliminator control register P2INFC \ v 00H
FFFFFB18H | TIP30 noise eliminator control register P30NFC \ N 00H
FFFFFB1CH | TIP31 noise eliminator control register P31INFC Vo 00H
FFFFFB50H | TIQOO noise eliminator control register QOONFC S N O0H
FFFFFB54H | TIQO1 noise eliminator control register QOINFC \ N 00H
FFFFFB58H | TIQO2 noise eliminator control register QO2NFC S N O0H
FFFFFB5CH | TIQO3 noise eliminator control register QO3NFC \ N O0H
FFFFFB60H | TIQ10 noise eliminator control register Q10NFC S N O0H
FFFFFB64H | TIQ11 noise eliminator control register Q11INFC S N O0H
FFFFFB68H | TIQ12 noise eliminator control register Q12NFC \ N O0H
FFFFFB6CH | TIQ13 noise eliminator control register Q13NFC S N O0H
FFFFFB70H | TIQ20 noise eliminator control register Q20NFC \ N 00H
FFFFFB74H | TIQ21 noise eliminator control register Q21INFC \ v 00H
FFFFFB78H | TIQ22 noise eliminator control register Q22NFC \ N 00H
FFFFFB7CH | TIQ23 noise eliminator control register Q23NFC \ N 00H
FFFFFCOOH External interrupt falling edge specification register 0 INTFO S N 00H
FFFFFCO2H External interrupt falling edge specification register 1 INTF1 < v 00H
FFFFFCO6H External interrupt falling edge specification register 3 INTF3 \' | O0OOH

FFFFFCO6H | External interrupt falling edge specification register 3L | INTF3L \ v 00H

FFFFFCO7H | External interrupt falling edge specification register 3H | INTF3H \ v O0H
FFFFFCOCH External interrupt falling edge specification register 6L | INTF6L N v 00H
FFFFFC10H External interrupt falling edge specification register 8 INTF8 \ v 00H
FFFFFC13H External interrupt falling edge specification register 9H | INTF9H < v 00H
FFFFFC20H External interrupt rising edge specification register 0 INTRO N v 00H
FFFFFC22H External interrupt rising edge specification register 1 INTR1 < v 00H
FFFFFC26H External interrupt rising edge specification register 3 INTR3 N | 0000OH

FFFFFC26H | External interrupt rising edge specification register 3L | INTR3L \ v 00H

FFFFFC27H | External interrupt rising edge specification register 3H | INTR3H \ v O0H
FFFFFC2CH External interrupt rising edge specification register 6L | INTR6L N v 00H
FFFFFC30H External interrupt rising edge specification register 8 INTR8 \ v 00H
FFFFFC33H External interrupt rising edge specification register 9H | INTR9H N v 00H
FFFFFC40H | Pull-up resistor option register O PUO \ v 00H
FFFFFC42H | Pull-up resistor option register 1 PU1 S v O0H
FFFFFC46H Pull-up resistor option register 3 PU3 N | 0000H
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Manipulatable Bits

Address Function Register Name Symbol R/W Default Value
1 8 16

FFFFFC46H Pull-up resistor option register 3L PU3L RW | + v 00H

FFFFFC47H Pull-up resistor option register 3H PU3H N \ O0H
FFFFFC48H Pull-up resistor option register 4 PU4 N \ O0H
FFFFFC4AH Pull-up resistor option register 5 PU5 v \/ 00H
FFFFFC4CH Pull-up resistor option register 6 PU6 v | 000OH

FFFFFCA4CH Pull-up resistor option register 6L PUGL v \/ 00H

FFFFFC4DH Pull-up resistor option register 6H PUBH N \ O0H
FFFFFC50H Pull-up resistor option register 8 PU8 N \/ O0H
FFFFFC52H Pull-up resistor option register 9 PU9 v | 0O00OH

FFFFFC52H Pull-up resistor option register 9L PUIL N S 00H

FFFFFC53H Pull-up resistor option register 9H PU9H v \/ 00H
FFFFFDOOH CSIBO control register 0 CBOCTLO N S 01H
FFFFFDO1H CSIBO control register 1 CBOCTL1 v \ O0H
FFFFFDO2H CSIBO control register 2 CBOCTL2 \/ 0OH
FFFFFDO3H CSIBO status register CBOSTR N d O0H
FFFFFDO4H CSIBO receive data register CBORX R \' | 0O00OH
‘ FFFFFDO4H CSIBO receive data register L CBORXL \/ 00H
FFFFFDO6H CSIBO transmit data register CBOTX R/W \' | O00OH
‘ FFFFFDO6H CSIBO transmit data register L CBOTXL \/ 0OH
FFFFFD10H CSIB1 control register 0 CBICTLO N d 01H
FFFFFD11H CSIB1 control register 1 CB1CTL1 v S O0H
FFFFFD12H CSIB1control register 2 CB1CTL2 N 00H
FFFFFD13H CSIB1 status register CB1STR NN 00H
FFFFFD14H CSIB1 receive data register CB1RX R v | 000OH
‘ FFFFFD14H CSIB1 receive data register L CB1RXL \/ 00H
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 NN 01H
FFFFFD21H CSIB2 control register 1 CB2CTL1 N N 00H
FFFFFD22H CSIB2 control register 2 CB2CTL2 \/ O0H
FFFFFD23H CSIB2 status register CB2STR N \ O0H
FFFFFD24H CSIB2 receive data register CB2RX R v | 0000H
‘ FFFFFD24H CSIB2 receive data register L CB2RXL S 00H
FFFFFD26H CSIB2 transmit data register CB2TX R/W v | 000OH
‘ FFFFFD26H CSIB2 transmit data register L CB2TXL \/ OOH
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3.4.8 Programmable peripheral /O register
The peripheral 1/O area select control register (BPC) is used to select a programmable peripheral I/O register area.
Peripheral 1/O registers for the CAN controller are allocated to addresses 03FECOOOH to O3FEE6EFH of the
programmable peripheral I/O register area. For details, see CHAPTER 15 CAN CONTROLLER.

(1) Peripheral /O select control register (BPC)
This register can be read or written in 16-bit units.
Reset input clears this register to 0000H.

After reset: 0000H R/W Address: FFFFF064H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BPC |F’A15‘ 0 |PA13|PA12|PA11‘PA10| PA9 ‘ PA8 | PA7 ‘ PAG | PA5 ‘ PA4 | PA3 ‘ PA2 | PA1 ‘ PAO |

PA15 Enable or disable of use of programmable peripheral 1/0 area
0 Disable use of programmable peripheral I/O area.
1 Enable use of programmable peripheral I/O area.

PA13 to PAO| Setting of resumption address of programmable peripheral I/O area (correspond

to A27 to A14).

Caution Be sure to set the BPC register to 8FFBH when the PA15 bit is set to 1.
Be sure to set the BPC register to 0000H when the PA15 bit is cleared to O.
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3.4.9 Special registers
Special registers are protected so that no illegal data is written to them in case of a program loop. The V850ES/Fx2
have the following seven special registers.

e Power save control register (PSC)

e Processor clock control register (PCC)

e Clock monitor mode register (CLM)

¢ Reset source flag register (RESF)

¢ Low-voltage detection register (LVIM)

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

A command register (PRCMD) is provided as a register that protects the special registers from a write operation so
that the application system does not stop inadvertently in case of a program loop. A write access to a special register
is performed in a specific sequence, and an illegal store operation is reported to the system status register (SYS) (if
an operation to read option data (address: 007AH) is illegal due to noise or instantaneous voltage drop, it is also
reported to the system status register (SYS)).
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(1) Setting data to special register
Data is set to the special registers in the following sequence.

<1> Disable the DMA operation.

<2> Prepare data to be set to a special register, in a general-purpose register.
<3> Write the data prepared in <2> to the command register (PRCMD).

<4> Write the data to the special register (by using the following instructions).

e Store instruction (ST/SST instruction).

e Bit manipulation instruction (SET1/CLR1/NOT1 instruction).
<5>to <9> Insert NOP instructions (five instructions).
<10> Enable DMA operation if necessary.

[Example] To set data to the PSC register (to set standby mode)
ST.B rll, PSMR [r0] ; Setting PSMR register (setting IDLE1, IDLE2, or software STOP mode).
<1>CLR1 0, DCHCn [r0] ; Disabling DMA operation. n=0to0 3
<2>MOV 0x02, rl0
<3>ST.B r10, PRCMD [rO] ;Writing PRCMD register.

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

<5> NOP ; Dummy instruction

<6> NOP ; Dummy instruction

<7> NOP ; Dummy instruction

<8> NOP ; Dummy instruction

<9> NOP ; Dummy instruction

<10> SET1 0, DCHCn [rO0] ; Enabling DMA operation. n=01t0 3

(next instruction)

No specific sequence is necessary for reading a special register.

Cautions 1. The instruction that stores data in the command register does not acknowledge an
interrupt. This is because it is assumed that steps <3> and <4> above are executed by
successive store instructions. If an other instruction is written between <3> and <4>, and
if that instruction acknowledges an interrupt, the above sequence may not be established,
causing malfunction.

2. Dummy data is written to the PRCMD register. Use the same general-purpose register as
the one used to set the special register (<4> in the above example) for writing the PRCMD
register (<3>). The same applies when using a general-purpose register for addressing.

3. When shifting to IDLE1, IDLE2, software STOP mode and sub-IDLE mode (STP bit of PSC
register = 1), five NOP instructions or more must be inserted immediately after entering
that mode.
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(2) Command register (PRCMD)
The command register (PRCMD) is an 8-bit register that is used to protect a register that may seriously affect
the system from a write operation, so that the application system does not stop inadvertently in case of a
program loop. Only the first writing of a special register is valid after a write operation is performed on the
PRCMD register in advance. The value written to the PRCMD register can be rewritten only in a specific
sequence, so that an illegal write operation cannot be executed.
The PRCMD register is write-only; in 8-bit units (if this register is read, illegal data is read).
This register becomes undefined at reset.

After reset: Undefined W  Address: FFFFF1FCH

7 6 5 4 3 2 1 0
PRCMDl REG7 ‘ REG6 ‘ REG5 ‘ REG4 ‘ REG3 ‘ REG2 ‘ REG1 ‘ REGO |
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(3) System status register (SYS)
A status flag that indicates the overall operating status of the system is allocated to this register.
This register can be read or written in 8-bit or 1-bit units.
This register becomes 00H at reset.

After reset: 00H R/W  Address: FFFFF802H

5 1 <0>
sys | o | o | o [ o | o | o | o |Prrerr|
PRERR Detection of protection error
0 Protection error did not occur.
1 Protection error occurred.

The PRERR flag operates under the following conditions.
(@) Setting condition (PRERR flag = 1)

(i) When a write operation is not performed on the PRCMD register and an operation to write a special
register is performed (when <4> in the example in 3.4.9 (1) Setting data to special register is
executed without <3>)

(i) If a write operation (including a bit manipulation instruction) is performed on an on-chip peripheral /O
register other than a special register after a write operation to the PRCMD register (when <4> in the
example in 3.4.9 (1) Setting data to special register is not for a special register)

Remark Even if an on-chip peripheral I/O register is read (including a bit manipulation instruction)
between writing the PRCMD register and writing a special register such as an access to the
internal RAM, the PRERR flag is not set, and data can be written to the special register.

(b) Clearing condition (PRERR flag = 0)

(i) When 0 is written to the PRERR flag of the SYS register
(i) When system reset is executed

Cautions 1. If 0 is written to the PRERR bit of the SYS register, which is not a special register,
immediately after a write operation to the PRCMD register, the PRERR bit is cleared
to O (write priority).

2. If a write operation is performed on the PRCMD register, which is not a special
register immediately after a write operation to the PRCMD register, the PRERR bit is
set to 1.
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3.4.10 Cautions
(1) Registers to be set first
Be sure to set the following registers first when using the V850ES/Fx2.

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

After setting the OCDM register, set the VSWC register, and set other registers as necessary.
When using the external bus, place each pin in the control mode by setting the port-related registers immediately
after setting the above registers.

(@) System wait control register (VSWC)
The VSWC register is used to control the wait cycle of a bus access to an on-chip peripheral 1/O register.
Three clocks are required to access an on-chip peripheral 1/0 register (when no wait cycle is used). The
V850ES/Fx2 requires a wait cycle depending on the operating frequency used. Set the following value to the
VSWC register.
This register can be read or written in 8-bit units (address: FFFFFO6EH, default value: 77H).

Operating Frequency (fcix) Set Value of VSWC Number of Wait Cycles
32 kHz < fcik < 16.6 MHz OOH 0
16.6 MHz < fcik < 20 MHz 01H 1

Remark If an attempt to change the contents of one of the following registers by hardware conflicts with a
CPU access to the register, the register access is kept waiting. Consequently, an access to an on-
chip peripheral 1/0O register may take a longer time than usual.

Peripheral Function Register Name
TimerP (n=0to 3) TPNCCRO, TPNCCR1, TPNCNT
TimerP (n=1, 2) TQNCCRO, TONCCR1, TQNCCR2, TQNCCR3, TONCNT
Watchdog timer 2 WDTM2
AJD converter (n = 0 to 23) ADAOMO, ADAOCRNn, ADAOCRNH
CAN controller Each control register, each message buffer register

(b) On-chip debug mode register (OCDM)
For details, see CHAPTER 27 ON-CHIP DEBUG FUNCTION.

(c) Watchdog timer mode register 2 (WDTM2)
The WDTM2 register sets the overflow time and the operation clock of the watchdog timer 2.
The watchdog timer 2 automatically starts in the reset mode after reset is released. Write the WDTM2
register to activate this operation.
For details, refer to CHAPTER 10 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 state. If this wait state occurs, the number of clocks required to execute an
instruction increases by the number of wait clocks shown below.

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

When specific on-chip peripheral 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.

2/2)
Peripheral Function Register Name Access k
16-bit timer/event counter P (TMP) TPNCNT Read lor2
(n=0to4) TPNCCRO, TPNCCR1 Write « 1st access: No wait
e Continuous write: 3 or 4

Read lor2
16-bit timer/event counter Q (TMQ) | TQNCNT Read lor2
(n=0 (VBS0ES/FE2, VB50ES/FF2)) | 1onccRO to TQNCCR3 Write o 1st access: No wait
(n=0, 1 (V8S0ES/FG2)) e Continuous write: 3 or 4
(n=0 to 3 (V850ES/FJ2))

Read lor2
Watchdog timer 2 (WDT2) WDTM2 Write 3

(when WDT2 operating)
A/D converter ADAOMO Read lor2
(n=9 (V850ES/FE2))
(n= 11 (V850ES/FF2)) ADAOCRO to ADAOCRN Read lor2
(n=15 (VBSOES/FG2)) ADAOCROH to ADAOCRNH Read lor2
(n= 23 (V850ES/FJ2)) 0 ea °
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(212)
Peripheral Function Register Name Access k
CAN controller CnGMCTRL, Read/write (fxxdfeanmon + 1)/(2 + j) (MIN.)™*®
(n=0 (uPD703230)) CnGMCS, (2 x fxx/fecanmon + 1)/(2 + |) (MAX.)"*
(n=0 (LPD70F3231)) CnGMABT,
(n=0 (uUPD703232)) CnGMABTD,
(n=0 (uPD703233)) CnMASKaL, CnMASKaH,
(n=0, 1 (WPD70F3234)) CnCTRL,
(n=0, 1 (WPD70F3235)) CnLEC,
(n =0, 1 (UPD70F3236)) CnINFO,
(n=0, 1 (WPD70F3237)) CnERC,
(n=0to 3 (UPD70F3238)) CnlE,
(n=0to 3 (UPD70F3239)) CnINTS,
(m=0to31,a=1to4) CnBRP,
CnBTR,
CnTS
CnRGPT, Write (Fxx/fcanmon + 1)/(2 + j) (MIN.)"*®
CnTGPT (2 x fxxffeanmop + 1)/(2 + j) (MAX.)**®
Read (3 x fxxffcanmon + 1)/(2 + j) (MIN.)™*
(4 x fxx/feanmon + 1)/(2 + j) (MAX.)"*
CnLIPT, Read (3 x fxx/feanmon + 1)/(2 + j) (MIN.)"*®
CnLOPT (4 x fxxlfecanmop + 1)/(2 + ) (MAX.)™*®

CnMDATAO1m, CnMDATAOm,
CnMDATA1m, CnMDATA23m,
CnMDATA2m, CnMDATA3m,
CnMDATA45m, CnMDATA4m,
CnMDATA5mM, CnMDATA67m,
CnMDATA6mM, CnMDATA7m,
CnMDLCm,

CnMCONFm,

CnMIDLm,

CnMIDHm,

CnMCTRLm

Write (8 bits)

(4 x fxxlfeanmop + 1)/(2 + ) (MIN.)"*®
(5 x fxx/fecanmon + 1)/(2 + j) (MAX.)"*

Write (16 bits)

(2 x fxx/fecanmon + 1)/(2 + j) (MIN.)"*
(3 x fxx/feanmop + 1)/(2 + j) (MAX.)**®

Read (8/16 bits)

(3 x fxx/fcanmon + 1)/(2 + j) (MIN.)™*
(4 x fxx/feanmon + 1)/(2 + j) (MAX.)"*

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

Note

Caution Accessing the above registers is prohibited in the following statuses.

Digits below the decimal point are rounded up.

generated, it can only be cleared by a reset.

e When the CPU operates with the subclock and the main clock oscillation is stopped

o When the CPU operates with the internal oscillation clock

Remark fxx:

Main clock frequency = fxx

fcanmop: CAN module system clock
Values (0) of higher 4 bits of VSWC register
Values (0 or 1) of lower 4 bits of VSWC register

i
j
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4.1 Features
O /0 ports: 51 (V850ES/FE2), 67 (V850ES/FF2), 84 (VB50ES/FG2), or 128 (VB50ES/FJ2)
O Port pins function alternately as other peripheral-function 1/O pins
O Can be set in input or output mode in 1-bit units.

4.2 Basic Port Configuration

4.2.1 Basic Port Configuration on V850ES/FE2

The V850ES/FE2 has a total of 51 I/O ports, ports 0, 3 to 5, 7, 9, CM and DL. The port configuration is shown
below.

Figure 4-1. Port Configuration (VB50ES/FE2)

~——{P00 P90 [+——»
Port 0 ' P9l |¢— =
-+—— | P06
P96 [«—
~—| P30 I Port 9
PortS{ ! P99 = *
~-— | P35 P913 [¢—
- P40 PY15 fe—
Port 4 !
-~ P42 PCMO } Port CM
PCM1

e» P50
Port 5 ! PDLO f[+——»
P35 } Port DL

-~ P70
Port 7 i

PDL7 j¢——

-~=P79

Table 4-1 Pin 1/0O Buffer Power Supplies (V850ES/FE2)

Power Supply Corresponding Pin

AVREFo Port 7
EVob Port 0, port 3, port 4, port 5, port 9, port CM, port DL, RESET
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4.2.2 Port Configuration on V850ES/FF2

The VB50ES/FF2 has a total of 67 1/0O ports, ports 0, 3to 5, 7, 9, CM, CS, CT and DL. The port configuration is
shown below.

Figure 4-2. Port Configuration (VB50ES/FF2)

~—{P00 P90 [+——
Port 0 ' P06 POl fe——»
P96 [«——=
- P30 P99 l Port 9
Port34<~——P35 P13 f«——>
-1 P38 '
b3 P915 f— >
PCMQ [+——»
~——{P40 ; Port CM
Port 4 { ! b4 PCM3 é}
PCSO [+——
-«—={P50 } Port CS
Port5 : PCSlf=—
DI L PCTO |+——»
-—{P70 PCTL I~ | o7
PCT6 je—>
PDLO j«——
! Port DL
PDL11 f—

Table 4-2 Pin 1/0 Buffer Power Supplies (VB50ES/FF2)

Power Supply Corresponding Pin

AVREFO Port 7
EVob Port 0, Port 3, Port 4, Port 5, Port 9, Port CM, Port CS, Port CT, Port DL, RESET
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4.2.3 Port Configuration on V850ES/FG2

The V850ES/FG2 has a total of 84 1/O ports, ports 0, 1, 3to 5, 7, 9, CM, CS, CT, and DL. The port configuration is
shown below.

Figure 4-3. Port Configuration (V850ES/FG2)

~—— P00 POO f«—7

Port 0 ! ! Port 9
~— 1 P06 P915 [¢——
-1 P10 PCMO [+—

Port 1 P11 ! Port CM

PCM3 [¢——
e» P30

Port 3 { : PCS0 ‘—’} Port CS
~—— P39 PCS1 j¢—
~—— P40 PCTO f¢—

Port 4 : PCTl f¢—
-~ P42 PCT4 Port CT
~— P50 PCT6E f—

Port 5 !
~-—»| P55 PDLO [«—F

! Port DL
~-— P70 PDL13 f—»

Port 7 !

~——» P715

Table 4-3 Pin 1/0 Buffer Power Supplies (VB50ES/FG2)

Power Supply Corresponding Pin
AVReFo Port 7
EVop Port 0, port 1, port 3, port 4, port 5, port 9, RESET
BVoo Port CM, port CS, port CT, port DL

186 User's Manual U17830EE1VOUMO0



CHAPTER 4 PORT FUNCTIONS

4.2.4 Port Configuration on V850ES/FJ2

The V850ES/FJ2 features a total of 128 1/O ports consisting of ports 0, 1, 3t0 9, 12, CD, CM, CS, CT, and DL. The
port configuration is shown below.

Figure 4-4. Port Configuration (V850ES/FJ2)

~—— P00 P90 f«—
Port 0 ! ! Port 9
~— 1 P06 P915 [¢——
Port 1 ~—1 P10 P120 f¢——
0 - P11 . Port 12
P127 fe—

-+——»{ P39 '

PCD3 j¢—

Port 3 : PCDO f«—
' Port CD

- P42 :

~——={P40
Port 4 E PCMO [e——
Port CM

PCM5 [¢——

B E—— P50
Port 5 h PCSO f¢——7
' Port CS

PSS PCS7 f—»

~—1P615

B E—— P60
Port 6 | PCTO f—7
! ! Port CT

PCT7 fe—

P75 PDL15 f+——»

B —— P70
Port 7 ! PDLO[——>
Port DL

{<—> P80
P81

Table 4-4 Pin 1/0O Buffer Power Supplies (V850ES/FJ2)

Power Supply

Corresponding Pin

AVRero Port 7, port 12
BVop Port CD, port CM, port CS, port CT, port DL
EVbop Port 0, port 1, port 3, port 4, port 5, port 6, port 8, port 9, RESET

User's Manual U17830EE1VOUMO0

187




CHAPTER 4 PORT FUNCTIONS

4.3 Port Configuration

The following tables give the relevant registers to configure ports on V850ES/FE2, V850ES/FF2, V850ES/FG2,
V850ES/FJ2.

Table 4-5 Port Configuration (VB50ES/FE2)

Item Configuration

Control registers Port mode register (PMn: n =0, 3, 4,5, 7L, 7H, 9, CM, or DL)

Port mode control register (PMCn: n =0, 3, 4, 5,9, CM, or DL)

Port function control register (PFCn:n =0, 3L, 5, or 9)

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

Pull-up resistor option register (PUn:n =0, 3, 4, 5, or 9)

Ports 51

Table 4-6 Port Configuration (VB50ES/FF2)

Item Configuration

Control registers Port mode register (PMn:n=0, 3, 4,5, 7L, 7H, 9, CM, CS, CT, or DL)

Port mode control register (PMCn: n =0, 3, 4,5, 9, CM, CS, CT, or DL)

Port function control register (PFCn: n =0, 3L, 5, or 9)

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

Pull-up resistor option register (PUn: n =0, 3, 4, 5, or 9)

Ports 67

Table 4-7 Port Configuration (V850ES/FG2)

Item Configuration

Control registers Port mode register (PMn:n =0, 1, 3,4, 5, 7L, 7H, 9, CM, CS, CT, or DL)

Port mode control register (PMCn:n=0, 1, 3, 4,5, 9, CM, or DL)

Port function control register (PFCn: n =0, 3L, 5, or 9)

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

Pull-up resistor option register (PUn:n=0, 1, 3,4, 5, or 9)

Ports 84

Table 4-8 Port Configuration (V850ES/FJ2)

Item Configuration

Control registers Port mode register (PMn:n=0, 1, 3,4, 5, 6, 7L, 7H, 8,9, 12, CD, CM, CS, CT, or DL)

Port mode control register (PMCn: n =0, 1, 3, 4,5, 6, 8,9, CD, CM, CS, CT, or DL)

Port function control register (PFCn: n =0, 3L, 5, 6, or 9)

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

Pull-up resistor option register (PUn:n=0, 1, 3,4, 5, 6, 8, or 9)

Ports 128

188 User's Manual U17830EE1VOUMO0



CHAPTER 4 PORT FUNCTIONS

(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 | Pn7 ‘ Pn6 ‘ Pn5 ‘ Pn4 ‘ Pn3 ‘ Pn2 ‘ Pnl ‘ Pn0O |
Pnm Control of output data (in output mode)

0 Outputs 0
1 Outputs 1

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

Table 4-9 Writing/Reading Pn Register

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

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

units.

After reset: FFH R/W

7 6 5 4 3 2 1 0
PMn | PMn7 ‘ PMn6 ‘ PMn5 ‘ PMn4 ‘ PMn3 ‘ PMn2 ‘ 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: 00H R/W

7 6 5 4 3 2 1 0
PFCn [ prcn7 | PFCne | PFCns | PFena | PFena | PRen2 | PReni | PRCno |

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

(5) Port n function control expansion register (PFCEn)
The PFCEnN 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: 00H R/W

7 6 5 4 3 2 1 0
PFCEn | PFCEn7 | PFCEn6 | PFCENS | PFCEN4 | PFCEN3 | PFCEN2 | PFCENL | PFCENO |

7 6 5 4 3 2 1 0
PFCn | PFCn7 | PFCn6 | PFens | PFCna | PFCns | PFen2 | PFen1 | PFCno |

PFCEnm| PFCnm Specification of alternate function
0 0 Alternate function 1
0 1 Alternate function 2
1 0 Alternate function 3
1 1 Alternate function 4
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(6) Port n function register (PFn)
The PFn register specifies normal output or N-ch open-drain output.
Each bit of this register corresponds to one pin of port n, and the output mode of the port pin can be specified

in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 i 0
PFn | PEn7 | PFne | PFns | PFna | PFn3 | PFn2 | PEn1 | Prno |

PFnmM\°te 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.

192 User's Manual U17830EE1VOUMO0



CHAPTER 4 PORT FUNCTIONS

(7) Port setting
Set a port as illustrated below.

Figure 4-5. Setting of Each Register and Pin Function

Port mode

Output mode
PMn register

Input mode

Alternate function
(when two alternate

functions are available) “Q

Alternate function 1

PFCn register

PMCn register

Alternate function 2

Alternate function
(when three or more alternate

| _ upn
functions are available)

Alternate function 1 (a)

Alternate function2 — | (b) PFCn register
(© PFCEnm | PFCnm
Alternate function 3 — | PFCER register (a)
(d) (b)
(c)

Alternate function 4 (d)

\ J

Remark Set the alternate functions in the following sequence.

[l Ll (@) (@)
[l (=2l (=]

<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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43.1

Port O

Port 0 is a 7-bit (P00 to P0O6) port for which I/O settings can be controlled in 1-bit units.
The number of I/O port pins is the same for all products.

Product Number of I/O Port Pins
V850ES/FE2 7-bit /0 port (P00 to P0O6)
V850ES/FF2
V850ES/FG2
VB850ES/FJ2

(1) Functions of port O

194

The input/output data of the port can be specified in 1-bit units.

Specified by port register 0 (P0)

The input/output mode of the port can be specified in 1-bit units.

Specified by port mode register 0 (PMO)

Port mode or control mode (alternate function) can be specified in 1-bit units.

Specified by port mode control register 0 (PMCO)

Control mode 1 or control mode 2 can be specified in 1-bit units.

Specified by port function control register 0 (PFCO)

An on-chip pull-up resistor can be connected in 1-bit units.

Specified by pull-up resistor option register 0 (PUO)

The valid edge of the external interrupt (alternate function) can be specified in 1-bit units.
Specified by external interrupt falling edge specification register O (INTFO) and external interrupt rising edge
specification register 0 (INTRO)
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Port 0 includes the following alternate-function pins.

Table 4-10 Alternate-Function Pins of Port O

Pin Name Alternate-Function Pin Name 1/0 Remark Block Type
Port 0 P00 TP31/TOP31 110 G-1
PO1 TP30/TOP30 G-1
P02 NM| et L-1
P03 INTPO/ADTRG N-1
P04 INTP1 L-1
P05 INTP2/DRST""*? AA-1
P06 INTP3 L-2

Notes 1. The NMI pin is used in combination with the P02 pin.
(1) After reset the P02 pin function is active. Set the PMCO0.PMCO02 bit when you make NMI effective.
(2) Moreover, the NMI pin initialization is "No edge detection". Select an effective edge of the NMI pin by
the INTFO and the INTRO register.
2.The Iﬁpin 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, handle the PO5/INTP2 pin the same as in flash
memory versions.

For details, see 4.4.3 Cautions on on-chip debug pins.

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

(a) Port register 0 (PO)
Port register 0 (PO) is an 8-bit register that controls reading the pin level and writing the output level. This
register can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFF400H

7 6 5 4 3 2 1 0
PO | 0 | P06 | P05 | PO4 | P03 | P02 | PO1 | P00 |
POn Control of output data (in output mode) (n = 0 to 6)
0 Output 0.
1 Output 1.

(b) Port mode register 0 (PMO)
This is an 8-bit register that specifies the input or output mode. It can be read or written in 8-bit or 1-bit

units.
After reset: FFH R/W Address: FFFFF420H
7 6 5 4 3 2 1 0
PMO | 1 | PMO06 ‘ PMO05 | PMO04 | PMO03 ‘ PMO02 ‘ PMO1 | PMOO |
PMONn Control of input/output mode (n =0 to 6)
0 Output mode
1 Input mode
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(c) Port mode control register 0 (PMCO)
This is an 8-bit register that specifies the port mode or control mode. It can be read or written in 8-bit or 1-

bit units.
After reset: 00H R/W Address: FFFFF440H
7 6 5 4 3 2 1 0
PMCO | 0 ‘ PMCO06 ‘ PMCO05 | PMCO04 ‘ PMCO03 ‘ PMCO02 I PMCO1 | PMCO00 |

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

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

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

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

PMC02 Specification of operation mode of P02 pin
0 1/O port
1 NMI input

PMCO1 Specification of operation mode of P01 pin
0 1/O port
1 TIP30/TOP30 I/O

PMCO00 Specification of operation mode of POO pin
0 1/O port
1 TIP31/TOP31 I/O

Caution The PO5/INTP2/DRST pin functions as the DRST pin when the OCDMO bit of the OCDM
register is 1, regardless of the value of the PMCO5 bit.
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(d) Port function control register 0 (PFCO)
This is an 8-bit register that specifies control mode 1 or control mode 2. It can be read or written in 8-bit or

1-bit units.
After reset: 00H R/W Address: FFFFF460H
7 6 5 4 3 2 1 0
PFCO | 0 | 0 ‘ 0 I 0 | PFCO3 ‘ 0 ‘ PFCO1 I PFCO00 |
PFCO03 Specification of operation mode when P03 pin is in control mode
0 INTPO input
1 ADTRG input
PFCO1 Specification of operation mode when P01 pin is in control mode
0 TIP30 input
1 TOP30 output
PFCO0 Specification of operation mode when P00 pin is in control mode
0 TIP31 input
1 TOP31 output

(e) Pull-up resistor option register 0 (PUOQ)
This is an 8-bit register that specifies connection of an on-chip pull-up resistor. It can be read or written in
8-bit or 1-bit units.

After reset: 00H R/W Address: FFFFFC40H
7 6 5 4 3 2 1 0
PUO | 0 | PUO6 ‘ PUO5 ‘ PUO4 | PUO3 ‘ PUO2 ‘ PUO1 ‘ PUOO |
PUON Control of on-chip pull-up resistor connection (n = 0 to 6)
0 Not connected
1 Connected
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(f) External interrupt falling edge specification register 0 (INTFO)
This is an 8-bit register that specifies detection of the falling edge of the external interrupt pin. It can be
read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port
function, an edge may be detected. Set the port mode after clearing the INTFOn and
INTRON bits to 0.
2. An analog-delay-based noise eliminator is connected to the external interrupt input
pin.
3. For how to set the internal noise filter (analog delay/digital delay) of INTP3, refer to
CHAPTER 17 INTERRUPT/EXCEPTION PROCESSING FUNCTION.

After reset: 00H R/W Address: FFFFFCOOH
7 6 5 4 3 2 1 0
INTFO | 0 ‘ INTFO6 ‘ INTFO5 | INTFO4 ‘ INTFO3 ‘ INTFO2 ‘ 0 | 0 |

Remark Refer to Table 4-11 for how to specify a valid edge.

(g) External interrupt rising edge specification register 0 (INTRO)
This is an 8-bit register that specifies detection of the rising edge of the external interrupt pin. It can be
read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port
function, an edge may be detected. Set the port mode after clearing the INTFOn and
INTRON bits to 0.
2. An analog-delay-based noise eliminator is connected to the external interrupt input
pin.
3. For how to set the internal noise filter (analog delay/digital delay) of INTP3, refer to
CHAPTER 17 INTERRUPT/EXCEPTION PROCESSING FUNCTION.

After reset: OOH R/W Address: FFFFFC20H
7 6 5 4 3 2 1 0
INTRO | 0 ‘ INTRO6 ‘ INTRO5 | INTRO4 ‘ INTRO3 ‘ INTRO2 I 0 | 0 |

Remark Refer to Table 4-11 for how to specify a valid edge.
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Table 4-11 Valid Edge Specification

INTFOnN Bit INTRON Bit Valid Edge Specification (n = 2 to 6)
0 0 No edge detected
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

Remark n = 2: Control of NMI pin
n = 3: Control of INTPO pin
n = 4: Control of INTP1 pin
n =5: Control of INTP2 pin
n = 6: Control of INTP3 pin
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4.3.2 Portl

Port 1 is a 2-bit port (P10 and P11) for which I/O settings can be controlled in 1-bit units.

The number of I/O port pins differs depending on the product.

Product Number of I/O Port Pins
V850ES/FE2 -
V850ES/FF2
VBS0BSIFGZ | 5 bt 110 port (P10 and P11)
V850ES/FI2

(1) Functions of port 1

O The input/output data of the port can be specified in 1-bit units.
Specified by port register 1 (P1)
O The input/output mode of the port can be specified in 1-bit units.
Specified by port mode register 1 (PM1)

O Port mode or control mode (alternate function) can be specified in 1-bit units.

Specified by port mode control register 1 (PMC1)

O An on-chip pull-up resistor can be connected in 1-bit units.
Specified by pull-up resistor option register 1 (PU1)

O The valid edge of the external interrupt (alternate function) can be specified in 1-bit units.

Specified by external interrupt falling edge specification register 1 (INTF1) and external interrupt rising edge
specification register 1 (INTR1)

Port 1 functions alternately as the following pins.

Table 4-12 Alternate-Function Pins of Port 1

Pin Name Alternate-Function Pin Name 1/0 Remark Block Type
Port 1 P10 INTP9 /0 - L-1
P11 INTP10 L-1

Caution: The P10 to P11 pins have hysteresis characteristics in the input mode of the alternate function,

but do not have hysteresis characteristics in the port mode.
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(2) Registers

(a) Port register 1 (P1)
Port register 1 (P1) is an 8-bit register that controls reading the pin level and writing the output level. This
register can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFF402H

(i) V850ES/FG2, V850ES/FJ2

7 6 5 4 3 2 1 0
i [0 ] o | o | o | o | o | eu | e |
Pln Control of output data (in output mode) (n =0, 1)
0 Output 0.
1 Output 1.

(b) Port mode register 1 (PM1)
This is an 8-bit register that specifies the input or output mode. It can be read or written in 8-bit or 1-bit
units.

After reset: FFH R/W Address: FFFFF422H

(i) VB50ES/FG2, VB50ES/FJ2

7 6 5 4 3 2 1 0
PM1 | 1 | 1 ‘ 1 I 1 | 1 ‘ 1 ‘ PM11 I PM10 |
PM1n Control of input/output mode (n =0, 1)
0 Output mode
1 Input mode
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(c) Port mode control register 1 (PMC1)

This is an 8-bit register that specifies the port mode or control mode. It can be read or written in 8-bit or 1-

bit units.

After reset: 0OH R/W Address: FFFFF442H

(i) VB50ES/FG2, VB50ES/FJ2

7 6 5 4 3 2 1 0
PMC1 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 I PMC11 | PMC10 |

PMC11 Specification of operation mode of P11 pin

0 1/O port

1 INTP10 input
PMC10 Specification of operation mode of P10 pin

0 1/O port

1 INTP9 input

(d) Pull-up resistor option register 1 (PU1)

This is an 8-bit register that specifies connection of an on-chip pull-up resistor. It can be read or written in

8-bit or 1-bit units.

After reset: OOH R/W Address: FFFFFC42H

(i) VB50ES/FG2, V850ES/FJ2

7 6 5 4 3 2 1 0
PU1 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | PU11 | PU10 |
PU1n Control of on-chip pull-up resistor connection (n =0, 1)
0 Not connected
1 Connected
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(e) External interrupt falling edge specification register 1 (INTF1)
This is an 8-bit register that specifies detection of the falling edge of the external interrupt pin. It can be
read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port

function, an edge may be detected. Set the port mode after clearing the INTF1n and
INTR1n bits to 0.

2. An analog-delay-based noise eliminator is connected to the external interrupt input
pin.

After reset: 00H R/W Address: FFFFFCO2H

(i) VB50ES/FG2, VB50ES/FJ2
7 6 5 4 3 2 1 0
INTF1 | 0 | 0 ‘ 0 I 0 | 0 ‘ 0 ‘ INTF11 I INTF10 |

Remark Refer to Table 4-13 for how to specify a valid edge.

(f) External interrupt rising edge specification register 1 (INTR1)
This is an 8-bit register that specifies detection of the rising edge of the external interrupt pin. It can be
read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port
function, an edge may be detected. Set the port mode after clearing the INTF1n and
INTR1n bits to O.
2. An analog-delay-based noise eliminator is connected to the external interrupt input
pin.

After reset: 00H R/W Address: FFFFFC22H

(i) V850ES/FG2, V850ES/FJ2
7 6 5 4 3 2 1 0

INTR1 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ INTR11 ‘ INTR10 |

Remark Refer to Table 4-13 for how to specify a valid edge.
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Table 4-13 Valid Edge Specification

INTF1n Bit INTR1n Bit Valid Edge Specification (n =0, 1)
0 0 No edge detected
0 1 Rising edge
1 0 Falling edge
1 1 Both edges
Remark n=0: Control of INTP9 pin

n=1. Control of INTP10 pin
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Port 3

Port 3 is a 10-bit port (P30 to P39) for which 1/O settings can be controlled in 1-bit units.
The number of 1/O port pins differs depending on the product.

1)

Product Number of I/O Port Pins
V850ES/FE2 6-bit I/O port (P30 to P35)
V850ES/FF2 8-bit 1/0 port (P30 to P35, P38, P39)""

VBS0BSIFG2 | 1 bt o port (P30 to P39)
V850ES/FJ2
Note In the V850ES/FF2, the alternate functions of the P38 and P39 pins (TXDA2, RXDA2/INTP8) are not

available.
Function of port 3

e The input/output data of the port can be specified in 1-bit units.
Specified by port register 3 (P3)
¢ The input/output mode of the port can be specified in 1-bit units.
Specified by port mode register 3 (PM3)
e Port mode or control mode (alternate function) can be specified in 1-bit units.
Specified by port mode control register 3 (PMC3)
e Control mode can be specified in 1-bit units.
Specified by port function control register 3 (PFC3) and port function control expansion register 3L
(PFCE3L)
¢ An on-chip pull-up resistor can be connected in 1-bit units.
Specified by pull-up resistor option register 3 (PU3)
¢ The valid edge of the external interrupt (alternate function) can be specified in 1-bit units.
Specified by external interrupt falling edge specification register 3 (INTF3) and external interrupt rising edge
specification register 3 (INTR3)

Port 3 functions alternately as the following pins.

Table 4-14 Alternate-Function Pins of Port 3

Pin Name Alternate-Function Pin Name 1/0 Remark Block Type
Port 3 P30 TXDAO 110 E-2
P31 RXDAO/INTP7 L-2
P32 ASCKAOQ/TIPOO/TOPO0/TOPO1 U-13
P33 TIPO1/TOP01/CTXDO U-3
P34 TIP10/TOP10/CRXDO u-2
P35 TIP1L/TOP11 G-1
P36 CTXD1 E-2
P37 CRXD1 E-1
P38 TXDA2 E-2
P39 RXDA2/INTP8 L-2
Caution: The P31 to P35, P37, P39 pins have hysteresis characteristics in the input mode of the
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alternate function, but do not have hysteresis characteristics in the port mode.
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(2) Registers

(@) Port register 3 (P3)
Port register 3 (P3) is a 16-bit register that controls reading the pin level and writing the output level. This
register can be read or written in 16-bit units.
If the higher 8 bits of the P3 register are used as the P3H register, and the lower 8 bits as the P3L register,
however, these registers can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFF406H, FFFFF407H

(i) V850ES/FE2
15 14 13 12 1 10 9 8
P3 (P3H") 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘
7 6 5 4 3 2 1 0
(P3L)| 0 ‘ 0 ‘ P35 | P34 ‘ P33 ‘ P32 ‘ P31 | P30 ‘
(ii) VB50ES/FF2
15 14 13 12 1 10 9 8
P3 (P3H"™) 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ P39 | P38 ‘
7 6 5 4 3 2 1 0
(P3L)| 0 ‘ 0 ‘ P35 | P34 ‘ P33 ‘ P32 ‘ P31 | P30 ‘

(iii) V850ES/FG2, V850ES/FJ2

15 14 13 12 11 10 9 8
P3 (P3H™") | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 I P39 | P38 |
7 6 5 4 3 2 1 0
(P3L) | P37 ‘ P36 ‘ P35 | P34 ‘ P33 ‘ P32 ‘ P31 | P30 |
P3n Control of output data (in output mode) (n = 0 to 9)
0 Output 0.
1 Output 1.

Note To read or write bits 8 to 15 of the P3 register in 8-bit or 1-bit units, specify these bits as bits 0 to
7 of the P3H register. Note that the V850ES/FE2 is not provided with a P3H register. Therefore,
the P3 register can be used only as the P3L register in the VB50ES/FE2.
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(b) Port mode register 3 (PM3)
This is a 16-bit register that specifies the input or output mode. It can be read or written in 16-bit units.
If the higher 8 bits of the PM3 register are used as the PM3H register, and the lower 8 bits as the PM3L
register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: FFFFH RIW  Address: FFFFF426H, FFFFF427H
(i) V850ES/FE2
15 14 13 12 11 10 9 8
PM3 (PM3H™") 1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 ‘ 1 |
7 6 5 4 3 2 1 0
(PM3L)‘ 1 | 1 ‘PM35 ‘ PM34 | PM33 ‘ PM32 ‘ PM31 ‘PM3O |

(ii) V850ES/FF2

15 14 13 12 11 10 9 8
PM3 (PM3H"Y®) 1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ PM39 ‘ PM38 |
7 6 5 4 3 2 1 0
(PM3L)‘ 1 | 1 ‘ PM35 ‘ PM34 | PM33 ‘ PM32 ‘ PM31 ‘PMSO |

(iii) V850ES/FG2, V850ES/FJ2

15 14 13 12 11 10 9 8
PM3 (PM3H"") 1 | 1 ‘ 1 I 1 | 1 ‘ 1 ‘ PM39 I PM38 |
7 6 5 4 3 2 1 0

(PM3L)| PM37 | PM36 ‘ PM35 ‘ PM34 | PM33 ‘ PM32 ‘ PM31 ‘ PM30 |

PM3n Control of I/O mode (n =010 9)
0 Output mode
1 Input mode

Note To read or write bits 8 to 15 of the PM3 register in 8-bit or 1-bit units, specify these bits as bits 0
to 7 of the PM3H register. Note that the V850ES/FE2 is not provided with a PM3H register.
Therefore, the PM3 register can be used only as the PM3L register in the VB50ES/FE2.
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(c) Port mode control register 3 (PMC3)
This is a 16-bit register that specifies the port mode or control mode. It can be read or written in 16-bit
units.
If the higher 8 bits of the PMC3 register are used as the PMC3H register, and the lower 8 bits as the
PMC3L register, however, these registers can be read or written in 8-bit or 1-bit units.
(1/2)

After reset: 0000H R/W Address: FFFFF446H, FFFFF447H

(i) V850ES/FE2, V850ES/FF2

15 14 13 12 1 10 9 8

PMC3 (PMC3H""") 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘
7 6 5 4 3 2 1 0

(PMC3L)| 0 ‘ 0 ‘ PMC35 | PMC34 ‘ PMC33 ‘ PMC32 ‘ PMC31 | PMC30 ‘

(i) V850ES/FG2, VB850ES/FJ2

15 14 13 12 11 10 9 8
PMC3 (PMC3H™"?) | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 I PMC39 | PMC38 |
7 6 5 4 3 2 1 0

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

PMC39 Specification of operation mode of P39 pin
0 1/O port
1 RXDA2/INTPS input™?

PMC38 Specification of operation mode of P38 pin
0 1/O port
1 TXDAZ2 output

Notes 1. To read or write bits 8 to 15 of the PMC3 register in 8-bit or 1-bit units, specify these bits as
bits 0 to 7 of the PMC3H register. Note that the V850ES/FE2, V850ES/FF2 are not provided
with a PMC3H register. Therefore, the PMC3 register can be used only as the PMC3L
register in the VB50ES/FE2, VB50ES/FF2.

2. The INTP8 pin functions alternately as the RXDA2 pin. To use as the RXDAZ2 pin, invalidate
the edge detection function of the alternate-function INTP8 pin (by fixing the INTF39 bit of
the INTF3 register to 0 and the INTR39 bit of the INTR3 register to 0). To use as the INTP8
pin, stop the reception operation of UARTA2 (by clearing the UA2RXE bit of the UA2CTLO
register to 0).
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212)

PMC37 Specification of operation mode of P37 pin
0 1/0 port
1 CRXD1 input

PMC36 Specification of operation mode of P36 pin
0 1/0 port
1 CTXD1 output

PMC35 Specification of operation mode of P35 pin
0 1/0 port
1 TIP11/TOP11 I/O

PMC34 Specification of operation mode of P34 pin
0 1/0 port
1 TIP10/TOP10/CRXDO I/O

PMC33 Specification of operation mode of P33 pin
0 1/0 port
1 TIPO1/TOP0O1/CTXDO I/O

PMC32 Specification of operation mode of P32 pin
0 1/0 port
1 ASCKAO/TIPOO/TOP0O0/TOPO1 I/O

PMC31 Specification of operation mode of P31 pin
0 1/0 port
1 RXDAO/INTP7 input"*®

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

Note The INTP7 pin functions alternately as the RXDAO pin. To use as the RXDAO pin, invalidate the
edge detection function of the alternate-function INTP7 pin (by fixing the INTF31 bit of the
INTF3 register to 0 and the INTR31 bit of the INTR3 register to 0). To use as the INTP7 pin,
stop the reception operation of UARTAO (by clearing the UAORXE bit of the UAOCTLO register to
0).
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(d) Port function control register 3L (PFC3L)
This is an 8-bit register that specifies control mode 1, 2, 3, or 4. It can be read or written in 8-bit or 1-bit

units.
After reset: OOH R/W Address: FFFFF466H
7 6 5 4 3 2 1 0
PFC3L | 0 ‘ 0 ‘ PFC35 | PFC34 ‘ PFC33 ‘ PFC32 I 0 | 0 |

Remark For how to specify a control mode, refer to 4.3.4 (2) (f) Setting of control mode of P3 pin.

(e) Port function control expansion register 3L (PFCE3L)
This is an 8-bit register that specifies control mode 1, 2, 3, or 4. It can be read or written in 8-bit or 1-bit

units.
After reset: 00H R/W Address: FFFFF706H
7 6 5 4 3 2 1 0
PFCE3L| 0 ‘ 0 ‘ 0 | PFCE34 ‘ PFCE33 ‘ PFCE32 ‘ 0 | 0 |

Remark For how to specify a control mode, refer to 4.3.4 (2) (f) Setting of control mode of P3 pin.

(f) Setting of control mode of P3 pin

PFC35 Specification of control mode of P35 pin
0 TIP11 input
1 TOP11 output

PFCE34 PFC34 Specification of control mode of P34 pin
0 0 TIP10 input
0 TOP10 output
1 0 CRXDO input
1 1 Setting prohibited
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212

PFCE33 PFC33 Specification of control mode of P33 pin
0 0 TIPO1 input
0 1 TOPO1 output
1 0 CTXDO output
1 1 Setting prohibited
PFCE32 PFC32 Specification of control mode of P32 pin
0 0 ASCKAQO input
0 1 TOPO1 output
1 0 TIPOO input
1 1 TOPOO output
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(g) Pull-up resistor option register 3 (PU3)
This is a 16-bit register that specifies connection of an on-chip pull-up resistor. It can be read or written in
16- or 1-bit units.
If the higher 8 bits of the PU3 register are used as the PU3H register, and the lower 8 bits as the PU3L
register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: O0H R/W Address: FFFFFC46H, FFFFFCA7H
(i) V850ES/FE2
15 14 13 12 11 10 9 8
PU3 (PU3H"™) 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘
7 6 5 4 3 2 1 0
(PU3L) | 0 ‘ 0 ‘ PU35 | PU34 ‘ PU33 ‘ PU32 ‘ PU31 | PU30 ‘
(i) V850ES/FF2
15 14 13 12 11 10 9 8
PU3 (PU3H"™) 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU39 | PU38 l
7 6 5 4 3 2 1 0
(PU3L) | 0 ‘ 0 ‘ PU35 | PU34 ‘ PU33 ‘ PU32 ‘ PU31 | PU30 ‘
(iii) VB50ES/FG2, V850ES/FJ2
15 14 13 12 11 10 9 8
PU3 (PU3H"™) | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU39 | PU38 |
7 6 5 4 3 2 1 0
(PU3L) | PU37 ‘ PU36 ‘ PU35 | PU34 ‘ PU33 ‘ PU32 ‘ PU31 | PU30 |
PU3N Control of on-chip pull-up resistor connection (n = 0 to 9)
0 Not connected
1 Connected

Note To read/write bits 8 to 15 of the PU3 register in 8-bit or 1-bit units, specify these bits as bits 0 to
7 of the PU3H register. Note that the V850ES/FE2 is not provided with a PU3H register.
Therefore, the PU3 register can be used only as the PU3L register in the V850ES/FE2.
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(h) External interrupt falling edge specification register 3 (INTF3)
This is a 16-bit register that specifies detection of the falling edge of the external interrupt pin. It can be
read or written in 16-bit units.
If the higher 8 bits of the INTF3 register are used as the INTF3H register, and the lower 8 bits as the
INTF3L register, however, these registers can be read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port

function, an edge may be detected. Set the port mode after clearing the INTF3n and
INTR3n bits to 0.

2. An analog-delay-based noise eliminator is connected to the external interrupt input
pin.

After reset: 00H R/W Address: FFFFFC06H, FFFFFCO7H

(i) VB50ES/FE2, V850ES/FF2

15 14 13 12 1 10 9 8
INTF3 (INTF3H"") 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 |
7 6 5 4 3 2 1 0
(INTF3L)‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘INTF31‘ 0 |

(i) V850ES/FG2, VB850ES/FJ2

15 14 13 12 11 10 9 8
INTF3(INTF3HN°‘e)| 0 | 0 ‘ 0 | 0 | 0 ‘ 0 ‘ INTF39 | 0 |
7 6 5 4 3 2 1 0
(INTF3L)| 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ INTF31 ‘ 0 |

Note To read/write bits 8 to 15 of the INTF3 register in 8-bit or 1-bit units, specify these bits as bits 0
to 7 of the INTF3H register. Note that the V850ES/FE2, VB50ES/FF2 is not provided with an
INTF3H register. Therefore, the INTF3 register can be used only as the INTF3L register in the
V850ES/FE2, VB50ES/FE2.

Remark Refer to Table 4-15 for how to specify a valid edge.
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(i) External interrupt rising edge specification register 3 (INTR3)

This is a 16-bit register that specifies detection of the rising edge of the external interrupt pin. It can be

read or written in 16-bit units.
If the higher 8 bits of the INTR3 register are used as the INTR3H register, and the lower 8 bits as the
INTR3L register, however, these registers can be read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port

function, an edge may be detected. Set the port mode after clearing the INTF3n and
INTR3n bits to 0.
2. An analog-delay-based noise eliminator is connected to the external interrupt input

pin.

After reset: 00H R/W Address: FFFFFC26H, FFFFFC27H
(i) V850ES/FE2, V850ES/FF2
15 14 13 12 11 10 9 8
INTR3 (INTR3H") 0 ‘ 0 ‘ 0 0 ‘ 0 ‘ 0 ‘ 0 | 0
7 6 5 4 3 2 1 0
(INTR3L)| 0 ‘ 0 ‘ 0 0 ‘ 0 ‘ 0 ‘ INTR31 | 0
(i) V850ES/FG2, V850ES/FJ2
15 14 13 12 11 10 9 8
INTR3 (INTR3H") | 0 ‘ 0 ‘ 0 0 ‘ 0 ‘ 0 I INTR39 | 0
7 6 5 4 3 2 1 0
(INTR3L) | 0 ‘ 0 ‘ 0 0 ‘ 0 ‘ 0 ‘ INTR31 | 0

Note To read/write bits 8 to 15 of the INTR3 register in 8-bit or 1-bit units, specify these bits as bits 0
to 7 of the INTR3H register. Note that the V850ES/FE2, V850ES/FF2 is not provided with an
INTR3H register. Therefore, the INTR3 register can be used only as the INTR3L register in the
V850ES/FE2, V850ES/FF2.

Remark Refer to 4-15 for how to specify a valid edge.

Table 4-15 Valid Edge Specification

INTF3n Bit INTR3n Bit Valid Edge Specification (n =1, 9)
0 0 No edge detected
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

Remark n =1: Control of INTP7 pin
n = 9: Control of INTP8 pin
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434 Port4
Port 4 is a 3-bit port (P40 to P42) for which I/O settings can be controlled in 1-bit units.
The number of I/O port pins is the same for all products.

Product Number of I/O Port Pins
V850ES/FE2
VBS0ESIFFZ | 5 4yt 110 port (P40 to P42)
V850ES/FG2
V850ES/FJ2

(1) Functions of port 4

e The input/output data of the port can be specified in 1-bit units.
Specified by port register 4 (P4)
e The input/output mode of the port can be specified in 1-bit units.
Specified by port mode register 4 (PM4)
¢ Port mode or control mode (alternate function) can be specified in 1-bit units.
Specified by port mode control register 4 (PMC4)
e An on-chip pull-up resistor can be connected in 1-bit units.
Specified by pull-up resistor option register 4 (PU4)

Port 4 functions alternately as the following pins.

Table 4-16 Alternate-Function Pins of Port 4

Pin Name Alternate-Function Pin Name 1/0 Remark Block Type
Port 4 P40 SIBO 110 - E-1
P41 SOBO E-2
P42 SCKBO E-3
Caution: The P40 to P42 pins have hysteresis characteristics in the input mode of the alternate

function, but do not have hysteresis characteristics in the port mode.
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(2) Registers

(@) Port register 4 (P4)
Port register 4 (P4) is an 8-bit register that controls reading the pin level and writing the output level. This
register can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFF408H
7 6 5 4 3 2 1 0
P4 | 0 0 0 | 0 ‘ 0 ‘ P42 ‘ P41 | P40 |
P4n Control of output data (in output mode) (n =0 to 2)
0 Output 0.
1 Output 1.

(b) Port mode register 4 (PM4)
This is an 8-bit register that specifies the input or output mode. It can be read or written in 8-bit or 1-bit

units.
After reset: FFH R/W Address: FFFFF428H
7 6 5 4 3 2 1 0
PM4 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ PM42 | PM41 | PM40 |
PM4n Control of input/output mode (n =0 to 2)
0 Output mode
1 Input mode
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(c) Port mode control register 4 (PMC4)
This is an 8-bit register that specifies the port mode or control mode. It can be read or written in 8-bit or 1-

bit units.
After reset: 00H R/W Address: FFFFF448H
7 6 5 4 3 2 1 0
PMC4 | 0 | 0 I 0 I 0 | 0 I PMC42 I PMC41 I PMC40 |

PMC42 Specification of operation mode of P42 pin
0 1/0 port
1 SCKBO input/output

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

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

(d) Pull-up resistor option register 4 (PU4)
This is an 8-bit register that specifies connection of an on-chip pull-up resistor. It can be read or written in
8-bit or 1-bit units.

After reset: 00H R/W Address: FFFFFC48H
7 6 5 4 3 2 1 0
PU4 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ PU42 ‘ PU41 ‘ PU40 |
PU4n Control of on-chip pull-up resistor connection (n = 0 to 2)
0 Not connected
1 Connected
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435 Ports

Port 5 is a 6-bit port (P50 to P55) for which I/O settings can be controlled in 1-bit units.

The number of I/O port pins is the same for all products.

Product

Number of 1/0 Port Pins

V850ES/FE2
VB850ES/FF2
VB50ES/FG2
V850ES/FJ2

6-bit 1/0 port (P50 to P55)

(1) Functions of port 5

e The input/output data of the port can be specified in 1-bit units.

Specified by port register 5 (P5)

e The input/output mode of the port can be specified in 1-bit units.

Specified by port mode register 5 (PM5)

¢ Port mode or control mode (alternate function) can be specified in 1-bit units.

Specified by port mode control register 5 (PMC5)

e Control mode can be specified in 1-bit units.

Specified by port function control register 5 (PFC5) or port function control expansion register 5 (PFCE5)
¢ An on-chip pull-up resistor can be connected in 1-bit units.
Specified by pull-up resistor option register 5 (PU5)

Port 5 functions alternately as the following pins.
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Table 4-17 Alternate-Function Pins of Port 5

Pin Name Alternate-Function Pin Name 1/0 Remark Block Type
Port 5 P50 KRO/TIQ01/TOQO1 110 - U-4
P51 KR1/TIQ02/TOQ02 u-4
P52 KR2/TIQ03/TOQ03/DDI™" u-5
P53 KR3/TIQ00/TOQ00/DDO"*® uU-6
P54 KR4/DCK™* G-2
P55 KR5/DMS™* G-2
Caution: The P50 to P55 pins have hysteresis characteristics in the input mode of the alternate function,

Note

220

but do not have hysteresis characteristics in the port mode.

The DDI, DDO, DCK, and DMS pins are for the on-chip debug function. To use the DDI, DDO, DCK,
and DMS pins as port pins, not as on-chip debug pins, the following actions must be taken.

<1> Clear the OCDMO bit of the OCDM register (special register) to 0.
<2> Fix the PO5/INTP2/DRST pin to the low level until the above action has been taken.

When the on-chip debug function is not used, inputting a high level to the DRST pin before the above
actions are taken may cause a malfunction (CPU deadlock). Exercise utmost care in handling the P05
pin.

When a high level is not input to the PO5/INTP2/DRST pin (when this pin is fixed to low level), it is not
necessary to manipulate the OCDMO bit of the OCDM register.

Because a pull-down resistor (30 kQ TYP) is connected to the buffer of the POS/INTP2/DRST pin, the
pin does not have to be fixed to the low level by an external source. The pull-down resistor is
disconnected by clearing the OCDMO bit to 0.
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(2) Registers

(@) Port register 5 (P5)

Port register 5 (P5) is an 8-bit register that controls reading the pin level and writing the output level. This

register can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/IW Address: FFFFF40AH
7 6 5 4 3 2 1 0
P5 | 0 0 ‘ P55 | P54 ‘ P53 ‘ P52 ‘ P51 | P50 |
P5n Control of output data (in output mode) (n =0 to 5)
0 Output 0.
1 Output 1.

(b) Port mode register 5 (PM5)
This is an 8-bit register that specifies the input or output mode. It can be read or written in 8-bit or 1-bit

units.

After reset: FFH R/W Address: FFFFF42AH
7 6 5 4 3 2 1 0
PM5 | 1 1 ‘ PM55 | PM54 ‘ PM53 ‘ PM52 | PM51 | PM50 |
PM5n Control of I/O mode (n =0to 5)
0 Output mode
1 Input mode
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(c) Port mode control register 5 (PMC5)
This is an 8-bit register that specifies the port mode or control mode. It can be read or written in 8-bit or 1-
bit units.

Caution If the control mode is specified by using the PMC5 register when the PFC5n bit of the
PFC5 register and the PFCE5n bit of the PFCES register are the default values (0), the
output becomes undefined.

For this reason, first set the PFC5n bit of the PFC5 register and the PFCE5n bit of the
PFCES register, and then set the PMC5n bit to 1 to set the control mode.

After reset: 00H R/W Address: FFFFF44AH
7 6 5 4 3 2 1 0
PMC5 | 0 | 0 ‘ PMC55 I PMC54 | PMC53 ‘ PMC52 ‘ PMC51 I PMC50 |

PMC55 Specification of operation mode of P55 pin
0 1/0 port
1 KR5 input

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

PMC53 Specification of operation mode of P53 pin
0 1/0 port
1 KR3/TIQ00/TOQO0 I/0

PMC52 Specification of operation mode of P52 pin
0 1/0 port
1 KR2/TIQ03/TOQO03 I/O

PMC51 Specification of operation mode of P51 pin
0 1/0 port
1 KR1/TIQ02/TOQO02 I/O

PMC50 Specification of operation mode of P50 pin
0 1/0 port
1 KRO/TIQ01/TOQO1 I/O

222

User's Manual U17830EE1VOUMO0




CHAPTER 4 PORT FUNCTIONS

(d) Port function control register 5 (PFC5)
This is an 8-bit register that specifies control mode 1, 2, 3, or 4. It can be read or written in 8-bit or 1-bit

units.
After reset: O0OH R/W Address: FFFFF46AH
7 6 5 4 3 2 1 0
PFC5 | 0 ‘ 0 ‘ PFC55 | PFC54 ‘ PFC53 ‘ PFC52 I PFC51 | PFC50 |

Remark For how to specify a control mode, refer to 4.3.6 (2) (f) Setting of control mode of P5 pin.

(e) Port function control expansion register 5 (PFCE5)
This is an 8-bit register that specifies control mode 1, 2, 3, or 4. It can be read or written in 8-bit or 1-bit

units.
After reset: 00H R/W Address: FFFFF70AH
7 6 5 4 3 2 1 0
PFCE5 | 0 ‘ 0 ‘ 0 | 0 ‘ PFCE53 ‘ PFCE52 ‘ PFCE51 | PFCE50 |

Remark For how to specify a control mode, refer to 4.3.6 (2) (f) Setting of control mode of P5 pin.

(f) Setting of control mode of P5 pin

Caution If the control mode is specified by using the PMC5 register when the PFC5n bit of the
PFC5 register and PFCE5SnN bit of the PFCES register are the default values (0), the output
becomes undefined.

For this reason, first set the PFC5n bit of the PFC5 register and the PFCE5n bit of the
PFCES register, and then set the PMC5n bit to 1 to set the control mode.

PFC55 Specification of control mode of P55 pin
0 Setting prohibited
1 KRS5 input

PFC54 Specification of control mode of P54 pin
0 Setting prohibited
1 KR4 input
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PFCES53 PFC53 Specification of control mode of P53 pin
0 0 Setting prohibited
0 1 TIQO0/KR3"* input
1 0 TOQOO0 output
1 1 Setting prohibited
PFCES52 PFC52 Specification of control mode of P52 pin
0 0 Setting prohibited
0 1 TIQO3/KR2"* input
1 0 TOQO3 output
1 1 Setting prohibited
PFCES51 PFC51 Specification of control mode of P51 pin
0 0 Setting prohibited
0 1 TIQ02/KR1™" input
1 0 TOQO2 output
1 1 Setting prohibited
PFCES50 PFC50 Specification of control mode of P50 pin
0 0 Setting prohibited
0 1 TIQO1/KRO™ input
1 0 TOQO1 output
1 1 Setting prohibited

Note The KRn pin functions alternately as the TIQOm pin. To use this pin as the TIQOm pin, invalidate the key
return detection function of the alternate-function KRn pin (by clearing the KRMn bit of the KRM register
to 0). To use this pin as the KRn pin, invalidate the edge detection function of the alternate-function
TIQOM pin (h=0to 3, m=0to 3).

Pin Name Use as TIQOm Pin Use as KRn Pin
KRO/TIQ01 KRMO bit of KRM register = 0 TQOTIG2, TQOTIG3 bit of TQOIOCL register = 0
KR1/T1Q02 KRML1 bit of KRM register = 0 TQOTIG4, TQOTIGS bit of TQOIOCL1 register = 0
KR2/TIQ03 KRM2 bit of KRM register = 0 TQOTIG6, TQOTIG7 bit of TQOIOCL register = 0
KR3/TIQ00 KRM3 bit of KRM register = 0 TQOTIGO, TQOTIG1 bit of TQOIOC1 register = 0
TQOEESO, TQOEESL1 bit of TQOIOC2 register = 0
TQOETSO0, TQOETS1 bit of TQOIOC2 register = 0
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(g) Pull-up resistor option register 5 (PU5)

This is an 8-bit register that specifies connection of an on-chip pull-up resistor. It can be read or written in

8-bit or 1-bit units.

After reset: O0OH R/W Address: FFFFFC4AH
7 6 5 4 3 2 1 0
PU5 | 0 0 I PU55 | PU54 I PU53 I PU52 I PU51 | PUS50 |
PU5N Control of on-chip pull-up resistor connection (n = 0 to 5)
0 Not connected
1 Connected
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4.3.6 Port6
Port 6 is a 16-bit port (P60 to P615) for which 1/O settings can be controlled in 1-bit units.
The number of 1/O port pins differs depending on the product.

Product Number of I/O Port Pins
VB50ES/FE2
VB850ES/FF2 -
VB50ES/FG2
V850ES/EJ2 16-hit I/O port (P60 to P615)"*®

Note In the 4/PD70F3237, the alternate functions of the P65 to P68 pins (CTXD2, CRXD2, CTXD3, CRXD3) are
not available.

(1) Functions of port 6

e The input/output data of the port can be specified in 1-bit units.
Specified by port register 6 (P6)
¢ The input/output mode of the port can be specified in 1-bit units.
Specified by port mode register 6 (PM6)
o Port mode or control mode (alternate function) can be specified in 1-bit units.
Specified by port mode control register 6 (PMC6)
e Control mode 1 or control mode 2 can be specified in 1-bit units.
Specified by port function control register 6 (PFC6)
¢ An on-chip pull-up resistor can be connected in 1-bit units.
Specified by pull-up resistor option register 6 (PU6)
e The valid edge of the external interrupt (alternate function) can be specified in 1-bit units.
Specified by external interrupt falling edge specification register 6L (INTF6L) and external interrupt rising
edge specification register 6L (INTR6L)

Port 6 functions alternately as the following pins.
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Table 4-18 Alternate-Function Pins of Port 6

Pin Name Alternate-Function Pin Name 110 Remark Block Type

Port 6 P60 INTP11 I/0 - N-2
P61 INTP12 N-2
P62 INTP13 N-2
P63 - C-1
P64 — C-1
P65 CTXD2 G-3
P66 CRXD2 G-4
P67 CTXD3 G-3
P68 CRXD3 G-4
P69 - C-1
P610 TIQ20/TOQ20 G-1
P611 TIQ21/TOQ21 G-1
P612 TIQ22/TOQ22 G-1
P613 TIQ23/TOQ23 G-1
P614 - C-1
P615 - C-1

Caution: The P60 to P62, P66, P68, P610 to P613 pins have hysteresis characteristics in the input

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

(P66 and P68 only p PD70F3238, u PD70F3239)
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(2) Registers

(a) Port register 6 (P6)
Port register 6 (P6) is a 16-bit register that controls reading the pin level and writing the output level. This
register can be read or written in 16-bit units.
If the higher 8 bits of the P6 register are used as the P6H register, and the lower 8 bits as the P6L register,
however, these registers can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFF40CH, FFFFF40DH

(i) V850ES/FJ2
15 14 13 12 11 10 9 8
P6 (P6H"") | P615 | P614 ‘ P613 ‘ P612 | P611 ‘ P610 ‘ P69 ‘ P68 |
7 6 5 4 3 2 1 0
(P6L) | P67 | P66 ‘ P65 ‘ P64 | P63 ‘ P62 ‘ P61 ‘ P60 |
P6n Control of output data (in output mode) (n = 0 to 15)
0 Output 0.
1 Output 1.

Note To read or write bits 8 to 15 of the P6 register in 8-bit or 1-bit units, specify these bits as bits 0 to
7 of the P6H register.
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(b) Port mode register 6 (PM6)
This is a 16-bit register that specifies the input or output mode. It can be read or written in 16-bit units.

If the higher 8 bits of the PM6 register are used as the PM6H register, and the lower 8 bits as the PM6L

register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: FFH R/W Address: FFFFF42CH, FFFFF42DH

(i) V850ES/FJ2
15 14 13 12 11 10 9 8

PM6(PM6HN°‘E)| PM615 ‘ PM614 ‘ PM613 | PM612 ‘ PM611 ‘ PM610 ‘ PM69 | PM68 |
7 6 5 4 3 2 1 0

(PMGL)l PM67 ‘ PM66 ‘ PM65 | PM64 ‘ PM63 ‘ PM62 ‘ PM61 | PM60 |

PM6n Control of I/O mode (n = 0 to 15)
0 Output mode
1 Input mode

Note To read or write bits 8 to 15 of the PM6 register in 8-bit or 1-bit units, specify these bits as bits 0

to 7 of the PM6H register.
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(c) Port mode control register 6 (PMC6)
This is a 16-bit register that specifies the port mode or control mode. It can be read or written in 16-bit

units.

If the higher 8 bits of the PMC6 register are used as the PMC6H register, and the lower 8 bits as the
PMC6L register, however, these registers can be read or written in 8-bit or 1-bit units.

Caution If the control mode is specified by using the PMC6 register when the PFC6n bit of the

PFC6 register is the default value (0), the output becomes undefined (n =0 to 8).

For this reason, first set the PFC6n bit of the PFC6 register to 1, and then set the PMC6n
bit to 1 to set the control mode.

(1/2)

After reset: 0000H

(i) V850ES/FJ2 (uPD70F3237)

R/W Address: FFFFF44CH, FFFFF44DH

15 14 13 12 11 10 9 8
PMC6 (PMC6HN°‘E)| 0 0 ‘ PMC613 ‘ PMC612 | PMC611 ‘ PMC610 ‘ 0 ‘ 0 |
7 6 5 4 3 2 1 0
(PMC6L) | 0 0 ‘ 0 ‘ 0 | 0 ‘ PMC62 ‘ PMC61 ‘ PMC60 |
(i)) V850ES/FJ2 (PD70F3238,.:PD70F3239)
15 14 13 12 11 10 9 8
PMC6 (PMCGHN°‘e)| 0 0 ‘ PMC613 I PMC612 | PMC611 ‘ PMC610 ‘ 0 I PMC68 |
7 6 5 4 3 2 1 0
(PMC6L) | PMC67 | PMC66 ‘ PMC65 ‘ 0 | 0 ‘ PMC62 ‘ PMC61 ‘ PMC60 |
PMC613 Specification of operation mode of P613 pin
0 1/0 port
1 TIQ23/TOQ23 1/0
PMC612 Specification of operation mode of P612 pin
0 1/0 port
1 TIQ22/TOQ22 1/0
PMC611 Specification of operation mode of P611 pin
0 1/0 port
1 TIQ21/TOQ21 1/O

Note To read or write bits 8 to 15 of the PMC6 register in 8-bit or 1-bit units, specify these bits as bits
0 to 7 of the PMCG6H register.
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(2/2)
PMC610 Specification of operation mode of P610 pin
0 1/O port
1 TIQ20/TOQ20 I/0
PMC68 Specification of operation mode of P68 pin
0 1/O port
1 CRXD3 input
PMC67 Specification of operation mode of P67 pin
0 1/O port
1 CTXD3 output
PMC66 Specification of operation mode of P66 pin
0 1/O port
1 CRXD2 input
PMC65 Specification of operation mode of P65 pin
0 1/O port
1 CTXD2 output
PMC62 Specification of operation mode of P62 pin
0 1/O port
1 INTP13 input
PMC61 Specification of operation mode of P61 pin
0 1/O port
1 INTP12 input
PMC60 Specification of operation mode of P60 pin
0 1/O port
1 INTP11 input
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(d) Port function control register 6 (PFC6)

This is a 16-bit register that specifies control mode 1 or 2. It can be read or written in 16-bit units.

If the higher 8 bits of the PFC6 register are used as the PFC6H register, and the lower 8 bits as the PFC6L
register, however, these registers can be read or written in 8-bit or 1-bit units.

Caution If the control mode is specified by using the PMC6 register when the PFC6n bit of the

PFC6 register is the default value (0), the output becomes undefined (n =0 to 8).

For this reason, first set the PFC6n bit of the PFC6 register to 1, and then set the PMC6n
bit to 1 to set the control mode.

(1/2)

After reset: 0000H

(i) V850ES/FJ2 (#PD70F3237)

R/W Address: FFFFF46CH, FFFFF46DH

15 14 13 12 11 10 9 8
PFC6 (PFC6H™") | 0 | 0 ‘ PFC613 I PFC612 | PFC611 ‘ PFC610 ‘ 0 I 0 |
7 6 5 4 3 2 1 0
(PFC6L) | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ PFC62 ‘ PFC61 ‘ PFC60 |
(i) VB50ES/FJ2 (#PD70F3238,PD70F3239)
15 14 13 12 11 10 9 8
PFC6 (PFC6H™") | 0 | 0 ‘ PFC613 ‘ PFC612 | PFC611 ‘ PFC610 ‘ 0 ‘ PFC68 |
7 6 5 4 3 2 1 0
(PFC6L) | PFC67 | PFC66 ‘ PFC65 I 0 | 0 ‘ PFC62 ‘ PFC61 I PFC60 |
PFC613 Specification of control mode of P613 pin
0 TIQ23 input
1 TOQ23 output
PFC612 Specification of control mode of P612 pin
0 TIQ22 input
1 TOQ22 output
PFC611 Specification of control mode of P611 pin
0 TIQ21 input
1 TOQ21 output

Note To read or write bits 8 to 15 of the PFC6 register in 8-bit or 1-bit units, specify these bits as bits

0 to 7 of the PFC6EH register.
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(2/2)
PFC610 Specification of control mode of P610 pin
0 TIQ20 input
1 TOQZ20 output
PFC68 Specification of control mode of P68 pin
0 Setting prohibited
1 CRXD3 input
PFC67 Specification of control mode of P67 pin
0 Setting prohibited
1 CTXD3 output
PFC66 Specification of control mode of P66 pin
0 Setting prohibited
1 CRXD2 input
PFC65 Specification of control mode of P65 pin
0 Setting prohibited
1 CTXD2 output
PFC62 Specification of control mode of P62 pin
0 Setting prohibited
1 INTP13 input
PFC61 Specification of control mode of P61 pin
0 Setting prohibited
1 INTP12 input
PFC60 Specification of control mode of P60 pin
0 Setting prohibited
1 INTP11 input
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(e) Pull-up resistor option register 6 (PU6)
This is a 16-bit register that specifies connection of an on-chip pull-up resistor. It can be read or written in
16-bit units.
If the higher 8 bits of the PU6 register are used as the PU6H register, and the lower 8 bits as the PU6L
register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: 0000H R/W Address: FFFFFC4CH, FFFFFC4DH
(i) V850ES/FJ2
15 14 13 12 11 10 9 8
PU6 (PU6HN°‘6) | PU615 | PU614 ‘ PU613 ‘ PU612 | PU611 ‘ PU610 ‘ PU69 ‘ PUG8 |

7 6 5 4 3 2 1 0

(PU6L) | PU67 | PU66 ‘ PU65 I PU64 | PU63 ‘ PU62 ‘ PU61 I PU60 |

PU6N Control of on-chip pull-up resistor connection (n = 0 to 15)

0 Not connected
1 Connected

Note To read/write bits 8 to 15 of the PUG register in 8-bit or 1-bit units, specify these bits as bits 0 to

7 of the PUGH register.

(f) External interrupt falling edge specification register 6L (INTF6L)
This is an 8-bit register that specifies detection of the falling edge of the external interrupt pin. It can be
read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port
function, an edge may be detected. Set the port mode after clearing the INTF6n and

INTR6nN bits to 0.
2. An analog-delay-based noise eliminator is connected to the external interrupt input

pin.
After reset: 00H R/W Address: FFFFFCOCH
(i) VB50ES/FJ2
7 6 5 4 3 2 1 0
INTF6L | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ INTF62 ‘ INTF61 ‘ INTF60 |

Remark Refer to Table 4-19 for how to specify a valid edge.
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(g) External interrupt rising edge specification register 6L (INTR6L)
This is an 8-bit register that specifies detection of the rising edge of the external interrupt pin. It can be
read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port
function, an edge may be detected. Set the port mode after clearing the INTF6n and

INTR6N bits to 0.
2. An analog-delay-based noise eliminator is connected to the external interrupt input

pin.
After reset: OOH R/W Address: FFFFFC2CH
(i) VB50ES/FJ2
7 6 5 4 3 2 1 0
INTR6L| 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ INTR62 I INTR61 | INTR60 |

Remark Refer to Table 4-19 for how to specify a valid edge.

Table 4-19 Valid Edge Specification

INTF6n Bit INTR6N Bit Valid Edge Specification (n = 0 to 2)
0 0 No edge detected
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

Remark n = 0: Control of INTP11 pin
n = 1: Control of INTP12 pin
n = 2: Control of INTP13 pin
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437 Port7
Port 7 is a 10-bit, 12-bit or16-bit port (P70 to P715) for which 1/O settings can be controlled in 1-bit units.
The number of I/O port pins differs depending on the product.

(1) Functions of port 7

Product Number of I/O Port Pins
V850ES/FE2 10-bit I/O port (P70 to P79)
V850ES/FF2 | 12-bit I/O port (P70 to P711)
VBS0BSIFG2 | 16 bt o port (P70 to P715)
VB850ES/FJ2

e The input/output data of the port can be specified in 1-bit units.
Specified by port register 7 (P7)

e The input/output mode of the port can be specified in 1-bit units.
Specified by port mode register 7L, 7H (P7L, P 7H)

Port 7 functions alternately as the following pins.

Table 4-20 Alternate-Function Pins of Port 7

Pin Name Alternate-Function Pin Name 1/0 Remark Block Type
Port 7 P70 ANIO 1/0 — A-1
P71 ANI1 A-1
P72 ANI2 A-1
P73 ANI3 A-1
P74 ANI4 A-l
P75 ANI5 A-1
P76 ANI6 A-1
P77 ANI7 A-1
P78 ANI8 A-1
P79 ANI9 A-1
P710 ANI10 A-1
P711 ANI11 A-1
P712 ANI12 A-1
P713 ANI13 A-1
P714 ANI14 A-1
P715 ANI15 A-1
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(2) Registers

(@) Port register 7H, port register 7L (P7H, P7L)
Port registers 7H and 7L (P7H and P7L) are 8-bit registers that control reading the pin level and writing the

output level. These registers can be read or written in 8-bit or 1-bit units.

They cannot be accessed in 16-bit units.

After reset: Undefined R/W Address: FFFFF40FH, FFFFF40EH
(i) V850ES/FE2
7 6 5 4 3 2 1 0
P7H | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 P79 P78
7 6 5 4 3 2 1 0
P7L | P77 ‘ P76 ‘ P75 | P74 ‘ P73 ‘ P72 P71 P70
(i) VB50ES/FF2
7 6 5 4 3 2 1 0
P7H | 0 ‘ 0 ‘ 0 | 0 ‘ P711 ‘ P710 P79 P78
7 6 5 4 3 2 1 0
P7L | P77 ‘ P76 ‘ P75 | P74 ‘ P73 ‘ P72 P71 P70
(iii) V850ES/FG2, V850ES/FJ2
7 6 5 4 3 2 1 0
P7H | P715 ‘ P714 ‘ P713 | p712 ‘ P711 ‘ P710 P79 P78
7 6 5 4 3 2 1 0
P7L | P77 I P76 I P75 | P74 I P73 I P72 I P71 P70
P7n Control of output data (in output mode) (n = 0 to 15)
0 Output 0.
1 Output 1.
Caution Do not read the P7H and P7L registers during A/D conversion.
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(b) Port mode registers 7H, 7L (PM7H, PM7L)
These are 8-bit registers that specify an input or output mode. They can be read or written in 8-bit or 1-bit
units.
These registers cannot be accessed in 16-bit units.

After reset: FFH RW  Address: FFFFF42FH, FFFFF42EH
(i) V850ES/FE2
7 6 5 4 3 2 1 0
PM7H ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PM79 ‘ PM78 |
7 6 5 4 3 2 1 0

PM7L ‘ PM77 | PM76 ‘ PM75 ‘ PM74 | PM73 ‘ PM72 ‘ PM71 ‘ PM70 |

(ii) V850ES/FF2

7 6 5 4 3 2 1 0
PM7H ‘ 0 | 0 ‘ 0 ‘ 0 | PM711 ‘ PM710 ‘ PM79 ‘ PM78 |
7 6 5 4 3 2 1 0

PM7L ‘ PM77 | PM76 ‘ PM75 ‘ PM74 | PM73 ‘ PM72 ‘ PM71 ‘ PM70 |

(iii) V850ES/FG2, V850ES/FJ2
7 6 5 4 3 2 1 0

PM7H | PM715 | PM714 I PM713 I PM712 | PM711 I PM710 I PM79 I PM78 |

7 6 5 4 3 2 1 0

PM7L | PM77 | PM76 ‘ PM75 ‘ PM74 | PM73 ‘ PM72 ‘ PM71 ‘ PM70 |

PM7n Control of I/O mode (n = 0 to 15)
0 Output mode
1 Input mode

Caution To use the alternate function of P7n (ANIn), set PM7n to 1.
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438 Port8
Port 8 is a 2-bit port (P80, P81) for which 1/O settings can be controlled in 1-bit units.
The number of I/O port pins differs depending on the product.

Note

Product Number of I/O Port Pins
VB850ES/FE2
V850ES/FF2 -
VB850ES/FG2
V850ES/EJ2 2-bit I/O port (P80, P81)"*

In the xPD70F3237, the alternate functions of the P80 and P81 pins (RXDA3 and TXDA3) are not available.
The alternate function of the P80 pin in the £/PD70F3237 is INTP14 only.

(1) Functions of port 8

O The input/output data of the port can be specified in 1-bit units.

Specified by port register 8 (P8)

O The input/output mode of the port can be specified in 1-bit units.

Specified by port mode register 8 (PM8)

O Port mode or control mode (alternate function) can be specified in 1-bit units.

Specified by port mode control register 8 (PMC8)

O An on-chip pull-up resistor can be connected in 1-bit units.

Specified by pull-up resistor option register 8 (PU8)

O The valid edge of the external interrupt (alternate function) can be specified in 1-bit units.

Specified by external interrupt falling edge specification register 8 (INTF8) and external interrupt rising edge
specification register 8 (INTR8)

Port 8 functions alternately as the following pins.

Table 4-21 Alternate-Function Pins of Port 8

Pin Name Alternate-Function Pin Name 110 Remark Block Type
Port 8 P80 RXDA3/INTP14 110 - L-1"*
P81 TXDA3 c-1"*
Note Inthe uPD70F3237, the alternate functions of the P80 and P81 pins (RXDA3 and TXDAS3) are not available.

Caution

Moreover, the port type becomes P80: L-1 and P81: C-1.

: The P80 pins have hysteresis characteristics in the input mode of the alternate function, but do not
have hysteresis characteristics in the port mode.
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(2) Registers

(a) Port register 8 (P8)
Port register 8 (P8) is an 8-bit register that controls reading the pin level and writing the output level. This
register can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFF410H

(i) V850ES/FJ2
7 6 5 4 3 2 1 0
e [ 0 | o | o | o | o | o | rex | reo |
P8n Control of output data (in output mode) (n =0, 1)
0 Output 0.
1 Output 1.

(b) Port mode register 8 (PM8)
This is an 8-bit register that specifies the input or output mode. It can be read or written in 8-bit or 1-bit

units.
After reset: FFH R/W Address: FFFFF430H
(i) VB50ES/FJ2

7 6 5 4 3 2 1 0

PM8 | 1 ‘ 1 ’ 1 ‘ 1 ‘ 1 ’ 1 ‘ PM81 ‘ PM80 |

PM8n Control of I/O mode (n=0, 1)

0 Output mode
1 Input mode
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(c) Port mode control register 8 (PMC8)
This is an 8-bit register that specifies the port mode or control mode. It can be read or written in 8-bit or 1-
bit units.

After reset: OOH R/W Address: FFFFF450H

(i) V850ES/FJ2 (#PD70F3237)
7 6 5 4 3 2 1 0
PMC8 | 0 ‘ 0 ‘

| PMC80 |

o
A
A
A
R

(i) V850ES/FJ2 (1PD70F3238,,PD70F3239)

7 6 5 4 3 2 1 0
PMC8 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PMC81 | PMC80 |

PMC81 Specification of operation mode of P81 pin

0 1/O port

1 TXDA3 output
PMC80 Specification of operation mode of P80 pin

0 1/O port

1 RXDA3/INTP14 input"*®

Note The #PD70F3237 does not have RXDA3.
The INTP14 pin of the xPD70F3238, £PD70F3239 functions alternately as the RXDA3 pin. To
use this pin as the RXDAS3 pin, invalidate the edge detection function of the alternate-function
INTP14 pin (by clearing the INTF80 bit of the INTF8 register to 0 and the INTR80 bit of the
INTRS8 register to 0). To use this pin as the INTP14 pin, stop the reception operation of UARTA3
(by clearing the UA3RXE bit of the UA3CTLO register to 0).
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(d) Pull-up resistor option register 8 (PU8)
This is an 8-bit register that specifies connection of an on-chip pull-up resistor. It can be read or written in
8-bit or 1-bit units.

After reset: 00H R/W Address: FFFFFC50H
(i) V850ES/FJ2
7 6 5 4 3 2 1 0
PU8 | 0 0 0 I 0 | 0 ‘ pPU81 I PU8O |
PU8N Control of on-chip pull-up resistor connection (n =0, 1)
0 Not connected
1 Connected

(e) External interrupt falling edge specification register 8 (INTF8)
This is an 8-bit register that specifies detection of the falling edge of the external interrupt pin. It can be
read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port
function, an edge may be detected. Set the port mode after clearing the INTF80 and

INTR8O0 bits to 0.
2. An analog-delay-based noise eliminator is connected to the external interrupt input

pin.
After reset: 00H R/W Address FFFFFC10H
(i) VB50ES/FJ2
7 6 5 4 3 2 1 0
INTF8 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ INTF80 |
Remark Refer to Table 4-22 or how to specify a valid edge.
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(f) External interrupt rising edge specification register 8 (INTR8)
This is an 8-bit register that specifies detection of the rising edge of the external interrupt pin. It can be
read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port
function, an edge may be detected. Set the port mode after clearing the INTF80 and

INTR8O0 bits to 0.
2. An analog-delay-based noise eliminator is connected to the external interrupt input

pin.
After reset: OOH R/W Address FFFFFC30H
(i) VB50ES/FJ2
7 6 5 4 3 2 1 0
INTR8 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 I 0 | INTR80 |

Remark Refer to Table 4-22 for how to specify a valid edge.

Table 4-22 Valid Edge Specification

INTF80 Bit INTR80 Bit Valid Edge Specification
0 0 No edge detected
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

Remark Control of INTP14 pin
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439 Port9
Port 9 is a 9-bit or 16-bit port (P90 to P915) for which I/O settings can be controlled in 1-bit units.
The number of 1/O port pins differs depending on the product.

Product Number of I/O Port Pins
V850ES/FE2 9-bit 1/0 port (P90, P91, P96 to P99,
ves0ES/FF2 | o130 POLS)

V850ES/FG2
VB850ES/FJ2

16-bit 1/0 port (P90 to P915)"*"

Note In the VB50ES/FG2, the alternate functions of the P910 to P912 pins (SIB2, SOB2, SCKB2) are not available.

(1) Functions of port 9

244

The input/output data of the port can be specified in 1-bit units.

Specified by port register 9 (P9)

The input/output mode of the port can be specified in 1-bit units.

Specified by port mode register 9 (PM9)

Port mode or control mode (alternate function) can be specified in 1-bit units.

Specified by port mode control register 9 (PMC9)

Control mode can be specified in 1-bit units.

Specified by port function control register 9 (PFC9) and port function control expansion register 9 (PFCE9)
An on-chip pull-up resistor can be connected in 1-bit units.

Specified by pull-up resistor option register 9 (PU9)

The valid edge of the external interrupt (alternate function) can be specified in 1-bit units.

Specified by external interrupt falling edge specification register 9H (INTF9H) and external interrupt rising
edge specification register 9H (INTR9H)

Port 9 functions alternately as the following pins.
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Table 4-23 Alternate-Function Pins of Port 9

Pin Name Alternate-Function Pin Name 1/0 Remark Block Type
Port 9 P90 KR6/TXDA1 110 - U-12
P91 KR7/RXDA1 u-7
P92 TIQ11/TOQ11 U-11
P93 TIQ12/TOQ12 U-11
P94 TIQ13/TOQ13 U-11
P95 TIQ10/TOQ10 U-11
P96 TIP21/TOP21 u-9
P97 SIB1/TIP20/TOP20 u-8
P98 SOB1 G-3
P99 SCKB1 G-5
P910 SIB2 G-4
P911 SOB2 G-3
P912 SCKB2 G-5
P913 INTP4/PCL W-1
P914 INTPS N-2
P915 INTP6 N-2

Caution The P90 to P97, P910, P912 to P915 pins have hysteresis characteristics in the input mode of the

alternate function, but do not have hysteresis characteristics in the port mode.
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(2) Registers

(a) Port register 9 (P9)
Port register 9 (P9) is a 16-bit register that controls reading the pin level and writing the output level. This
register can be read or written in 16-bit units.
If the higher 8 bits of the P9 register are used as the P9H register, and the lower 8 bits as the PIL register,
however, these registers can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFF412H, FFFFF413H

(i) V850ES/FE2, VB50ES/FF2

15 14 13 12 11 10 9 8
P9 (POH"") P915 | P914 ‘ P913 ‘ 0 | 0 P99 ‘ P98
7 6 5 4 3 1 0
(POL) ‘ P97 | P96 ‘ 0 ‘ 0 | 0 P91 ‘ P90
(i) VB50ES/FG2, VB50ES/FJ2
15 14 13 12 11 10 9 8
P9 (POH""™) | P915 | P914 ‘ P913 ‘ P912 | P911 ‘ P910 ‘ P99 ‘ P98 |
7 6 5 4 3 2 1 0
(POL) | P97 | P96 ‘ P95 I P94 | P93 ‘ P92 ‘ P91 I P90 |
P9n Control of output data (in output mode) (n = 0 to 15)
0 Output 0.
1 Output 1.

Note To read or write bits 8 to 15 of the P9 register in 8-bit or 1-bit units, specify these bits as bits 0 to
7 of the P9H register.
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(b) Port mode register 9 (PM9)
This is a 16-bit register that specifies the input or output mode. It can be read or written in 16-bit units.
If the higher 8 bits of the PM9 register are used as the PM9H register, and the lower 8 bits as the PM9L
register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: FFFFH R/W Address: FFFFF432H, FFFFF433H

(i) V850ES/FE2, VB50ES/FF2

15 14 13 12 11 10 9 8

PM9 (PMOH™") | PM915 ‘ PM914 ‘ PM913 | 1 ‘ 1 ‘ 1 ‘ PM99 | PM98 ‘
7 6 5 4 3 2 1 0

(PM9L)| PM97 ‘ PM96 ‘ 1 | 1 ‘ 1 ‘ 1 ‘ PMO1 | PM90 ‘

(ii) V850ES/FG2, V850ES/FJ2
15 14 13 12 11 10 9 8

PM9(PM9HN°‘E)| PM915 ‘ PM914 ‘ PM913 | PM912 ‘ PM911 ‘ PM910 ‘ PM99 | PM98 |

7 6 5 4 3 2 1 0

(PM9L)| PM97 ‘ PM96 ‘ PM95 | PM94 ‘ PM93 ‘ PM92 I PM91 | PM90 |

PM9n Control of I/O mode (n =0 to 15)
0 Output mode
1 Input mode

Note To read or write bits 8 to 15 of the PM9 register in 8-bit or 1-bit units, specify these bits as bits 0
to 7 of the PM9H register.
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(c) Port mode control register 9 (PMC9)
This is a 16-bit register that specifies the port mode or control mode. It can be read or written in 16-bit
units.
If the higher 8 bits of the PMC9 register are used as the PMC9H register, and the lower 8 bits as the
PMCOL register, however, these registers can be read or written in 8-bit or 1-bit units.

Caution If the control mode is specified by using the PMC9 register when the PFC9n bit of the
PFC9 register and the PFCE9n bit of the PFCE9 register are the default values (0), the
output becomes undefined.

For this reason, first set the PFC9n bit of the PFC9 register and the PFCE9n bit of the
PFCED9 register to 1, and then set the PMC9n bit to 1 to set the control mode.
(1/3)

After reset: 0000H R/W Address: FFFFF452H, FFFFF453H

(i) VB50ES/FE2, V850ES/FF2

15 14 13 12 11 10 9 8

PMC9 (PMCOH"™") | PMC915 | PMC914 ‘ PMC913 ‘ 0 | 0 ‘ 0 ‘ PMC99 ‘ PMC98 |
7 6 5 4 3 2 1 0

(PMCQL)‘ PMC97 | PMC96 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PMCO1 ‘ PMC90 |

(ii) V850ES/FG2

15 14 13 12 11 10 9 8

PMC9 (PMCOH™") | PMC915 | PMC914 ‘ PMC913 ‘ 0 | 0 ‘ 0 ‘ PMC99 ‘ PMC98 |
7 6 5 4 3 2 1 0

(PMCQL)‘ PMC97 | PMC96 ‘ PMC95 ‘ PMC94 | PMC93 ‘ PMC92 ‘ PMC91 ‘ PMC90 |

(iii) V850ES/FJ2
15 14 13 12 11 10 9 8

PMC9 (PMC9HN°‘E)| PMC915 | PMC914 ‘ PMC913 ‘ PMC912 | PMC911 ‘ PMC910 ‘ PMC99 ‘ PMC98 |

7 6 5 4 3 2 1 0

(PMCQL)l PMC97 | PMC96 ‘ PMC95 ‘ PMC94 | PMC93 ‘ PMC92 ‘ PMC91 ‘ PMC90 |

PMC915 Specification of operation mode of P915 pin
0 1/0 port
1 INTP6 input

PMC914 Specification of operation mode of P914 pin
0 1/0 port
1 INTPS5 input

Note To read or write bits 8 to 15 of the PMC9 register in 8-bit or 1-bit units, specify these bits as bits
0 to 7 of the PMC9H register.
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(2/3)
PMC913 Specification of operation mode of P913 pin
0 1/O port
1 INTP4/PCL I/O
PMC912 Specification of operation mode of P912 pin
0 1/O port
1 SCKB2 1/0
PMC911 Specification of operation mode of P911 pin
0 1/O port
1 SOB2 output
PMC910 Specification of operation mode of P910 pin
0 1/O port
1 SIB2 input
PMC99 Specification of operation mode of P99 pin
0 1/O port
1 SCKBL1 1/0
PMC98 Specification of operation mode of P98 pin
0 1/O port
1 SOBL1 output
PMC97 Specification of operation mode of P97 pin
0 1/O port
1 SIB1/TIP20/TOP20 I/O
PMC96 Specification of operation mode of P96 pin
0 1/O port
1 TIP21/TOP21 I/O
PMC95 Specification of operation mode of P95 pin
0 1/O port
1 TIQ10/TOQ10 I/O
PMC94 Specification of operation mode of P94 pin
0 1/O port
1 TIQ13/TOQ13 I/O
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(313)

PMC93 Specification of operation mode of P93 pin
0 1/0 port
1 TIQ12/TOQ12 I/O

PMC92 Specification of operation mode of P92 pin
0 1/0 port
1 TIQ11/TOQ11 I/O

PMC91 Specification of operation mode of P91 pin
0 1/0 port
1 KR7/RXDA1 input

PMC90 Specification of operation mode of P90 pin
0 1/0 port
1 KR6/TXDAL I/O
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(d) Port function control register 9 (PFC9)
This is a 16-bit register that specifies control mode 1, 2, 3, or 4. It can be read or written in 16-bit units.
If the higher 8 bits of the PFC9 register are used as the PFC9H register, and the lower 8 bits as the PFCIL
register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: 0000H R/W Address: FFFFF472H, FFFFF473H

(i) V850ES/FE2, VB50ES/FF2

15 14 13 12 11 10 9 8
PFC9 (PFCOH"™) | PFC915 \ PFC914 \ PFC913 | 0 \ 0 \ 0 \ PFC99 | PFCO8 \
7 6 5 4 3 2 1 0
(PFC9L)| PFC97 \ PFC96 \ 0 | 0 \ 0 \ 0 \ PFCO1 | PFC90 \
(ii) VB50ES/FG2
15 14 13 12 11 10 9 8
PFC9 (PFCOH™") | PFCO15 \ PFC914 \ PFC913 | 0 \ 0 \ 0 \ PFC99 | PFCO8 \
7 6 5 4 3 2 1 0

(PFC9L)| PFC97 ‘ PFC96 ‘ PFC95 | PFC94 ‘ PFC93 ‘ PFC92 ‘ PFC91 | PFC90 ‘

(iii) V850ES/FJ2
15 14 13 12 11 10 9 8

PFC9 (PFC9HN°‘e)| PFC915 ‘ PFC914 ‘ PFC913 | PFC912 ‘ PFCO11 ‘ PFC910 I PFC99 | PFC98 |

7 6 5 4 3 2 1 0

(PFC9L)| PFC97 ‘ PFC96 ‘ PFC95 | PFC94 ‘ PFC93 ‘ PFC92 ‘ PFC91 | PFC90 |

Note To read or write bits 8 to 15 of the PFC9 register in 8-bit or 1-bit units, specify these bits as bits
0 to 7 of the PFC9H register.

Remark For how to specify a control mode, refer to 4.3.10 (2) (f) Setting of control mode of P9 pin.
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(e) Port function control expansion register 9 (PFCE9)
This is a 16-bit register that specifies control mode 1, 2, 3, or 4. It can be read or written in 16-bit units.
If the higher 8 bits of the PFC9 register are used as the PFC9H register, and the lower 8 bits as the PFCIL
register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: 0000H R/W Address: FFFFF712H, FFFFF713H

(i) V850ES/FE2, VB50ES/FF2

15 14 13 12 11 10 9 8

PFCE9 (PFCE9H™") 0 | 0 ‘ PFCE913 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 |
7 6 5 4 3 2 1 0

(PFCEQL)‘ PFCE97 | PFCE96 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PFCE91 ‘ PFCE90 |

(ii) V850ES/FG2, V850ES/FJ2

15 14 13 12 11 10 9 8
PFCE9 (PFCE9H™") | 0 | 0 ‘ PFCE913 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 |
7 6 5 4 3 2 1 0

(PFCE9L)| PFCE97 | PFCE96 ‘ PFCE95 I PFCE94 | PFCE93 ‘ PFCE92 ‘ PFCE91 I PFCES0 |

Note To read or write bits 8 to 15 of the PFCE9 register in 8-bit or 1-bit units, specify these bits as bits
0 to 7 of the PFCE9H register.

Remark For how to specify a control mode, refer to 4.3.10 (2) (f) Setting of control mode of P9 pin.

(f) Setting of control mode of P9 pin

Caution If the control mode is specified by using the PFC9 register when the PFC9n bit of the
PFC9 register and PFCE9n bit of the PFCE9 register are the default values (0), the output
becomes undefined.

For this reason, first set the PFC9n bit of the PFC9 register and the PFCE9n bit of the
PFCED9 register, and then set the PMC9n bit to 1 to set the control mode.

PFC915 Specification of control mode of P915 pin
0 Setting prohibited
1 INTP6 input

PFC914 Specification of control mode of P914 pin
0 Setting prohibited
1 INTP5 input
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PFCE913 PFC913 Specification of control mode of P913 pin
0 0 Setting prohibited
0 1 INTP4 input
1 0 PCL output
1 1 Setting prohibited

PFC912 Specification of control mode of P912 pin
0 Setting prohibited
1 SCKB2 /0

PFC911 Specification of control mode of P911 pin
0 Setting prohibited
1 SOB2 output

PFC910 Specification of control mode of P910 pin
0 Setting prohibited
1 SIB2 input

PFC99 Specification of control mode of P99 pin
0 Setting prohibited
1 'SCKB1 I/0
PFC98 Specification of control mode of P98 pin

0 Setting prohibited
1 SOBL1 input

PFCE97 PFC97 Specification of control mode of P97 pin
0 0 Setting prohibited
0 1 SIB1 input
1 0 TIP20 input
1 1 TOP20 output

PFCE96 PFC96 Specification of control mode of P96 pin
0 0 Setting prohibited
0 1 Setting prohibited
1 0 TIP21 input
1 1 TOP21 output
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PFCE95 PFC95 Specification of control mode of P95 pin
0 0 Setting prohibited
0 1 TIQ10 input
1 0 TOQ10 output
1 1 Setting prohibited
PFCE94 PFC94 Specification of control mode of P94 pin
0 0 Setting prohibited
0 1 TIQ13 input
1 0 TOQ13 output
1 1 Setting prohibited
PFCE93 PFC93 Specification of control mode of P93 pin
0 0 Setting prohibited
0 1 TIQ12 input
1 0 TOQ12 output
1 1 Setting prohibited
PFCE92 PFC92 Specification of control mode of P92 pin
0 0 Setting prohibited
0 1 TIQ11 input
1 0 TOQ11 output
1 1 Setting prohibited
PFCE91 PFC91 Specification of control mode of P91 pin
0 0 Setting prohibited
0 1 KR7 input
1 0 RXDAL input
1 1 Setting prohibited
PFCE90 PFC90 Specification of control mode of P90 pin
0 0 Setting prohibited
0 1 KR6 input
1 0 TXDA1 output
1 1 Setting prohibited

Note KR7 and RXDAL1 pins are using combined.
Invalidate the key return detection of KR7 pins when you use the pins as an RXDA1pin ("0" is set to the
KRM?7 bit of the KRM register). Moreover, it is recommended to set it to PFC91 bit = 1, PFCE91 hit =0 when
using it as KR7 pin.
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(g) Pull-up resistor option register 9 (PU9)

This is a 16-bit register that specifies connection of an on-chip pull-up resistor. It can be read or written in

16-bit units.

If the higher 8 bits of the PU9 register are used as the PU9H register, and the lower 8 bits as the PU9L
register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: 0000H

(i) V850ES/FE2, V850ES/FF2

R/W Address: FFFFFC52H, FFFFFC53H

15 14 13 12 11 10 9 8
PU9 (PU9H™ ) | PU915 PU914 ‘ PU913 | 0 ‘ 0 ‘ 0 ‘ PU99 PU98
7 6 5 4 3 2 1 0
(PUOL) | PU97 PU96 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU91 PU90
(if) V850ES/FG2, VB50ES/FJ2
15 14 13 12 11 10 9 8
PU9 (PU9H™") | PU915 ‘ PU914 ‘ PU913 | PU912 ‘ PU911 ‘ PU910 I PU99 PU98
7 6 5 4 3 2 1 0
(PUSL) | PU97 PU96 ‘ PU95 | PU94 ‘ PU93 ‘ PU92 ‘ PU91 PU90

PU9N

Control of on-chip pull-up resistor connection (n = 0 to 15)

0

Not connected

1

Connected

Note To read/write bits 8 to 15 of the PU9 register in 8-bit or 1-bit units, specify these bits as bits 0 to
7 of the PU9H register.

User's Manual U17830EE1VOUMO0

255




CHAPTER 4 PORT FUNCTIONS

(h) External interrupt falling edge specification register 9H (INTF9H)
This is an 8-bit register that specifies detection of the falling edge of the external interrupt pin. It can be
read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port
function, an edge may be detected. Set the port mode after clearing the INTF9n and

INTR9n bits to 0.
2. An analog-delay-based noise eliminator is connected to the external interrupt input

pin.
After reset: 00H R/W Address: FFFFFC13H
7 6 5 4 3 2 1 0
INTFOH | INTF915 | INTF914 ‘ INTF913 I 0 | 0 ‘ 0 ‘ 0 I 0 |

Remark Refer to Table 4-24 or how to specify a valid edge.

(i) External interrupt rising edge specification register 9H (INTR9H)
This is an 8-bit register that specifies detection of the rising edge of the external interrupt pin. It can be
read or written in 8-bit or 1-bit units.

Cautions 1. When the external interrupt function (alternate function) is switched to the port
function, an edge may be detected. Set the port mode after clearing the INTF9n and

INTR9n bits to 0.
2. An analog-delay-based noise eliminator is connected to the external interrupt input

pin.
After reset: 00H R/W Address: FFFFFC33H
7 6 5 4 3 2 1 0
INTR9H | INTR915 | INTR914 ‘ INTR913 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 |

Remark Refer to Table 4-24 or how to specify a valid edge.
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Table 4-24 Valid Edge Specification

INTF9n Bit INTR9n Bit Valid Edge Specification (n = 13 to 15)
0 0 No edge detected
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

Remark n = 13: Control of INTP4 pin
n = 14: Control of INTP5 pin
n = 15: Control of INTP6 pin
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4.3.10 Port 12
Port 12 is an 8-bit port (P120 to P127) for which 1/O settings can be controlled in 1-bit units.
The number of I/O port pins differs depending on the product.

Product Number of I/O Port Pins
VB850ES/FE2
V850ES/FF2 -
VB850ES/FG2
V850ES/EJ2 8-bit I/0 port (P120 to P127)

(1) Functions of port 12
e The input/output data of the port can be specified in 1-bit units.
Specified by port register 12 (P12)
e The input/output mode of the port can be specified in 1-bit units.
Specified by port mode register 12 (PM12)

Port 12 functions alternately as the following pins.

Table 4-25 Alternate-Function Pins of Port 12

Pin Name Alternate-Function Pin Name 110 Remark Block Type
Port 12 P120 ANI16 I/0 - A-1
P121 ANI17 A-1
P122 ANI18 A-1
P123 ANI19 A-1
P124 ANI20 A-1
P125 ANI21 A-1
P126 ANI22 A-1
P127 ANI23 A-1
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(2) Registers

(a) Port register 12 (P12)
Port register 12 (P12) is an 8-bit register that controls reading the pin level and writing the output level.
This register can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFF418H

(i) V850ES/FJ2
7 6 5 4 3 2 1 0
P12 | pP127 | P126 ‘ P125 ‘ P124 | P123 ‘ pP122 ‘ P121 ‘ P120 |
P12n Control of output data (in output mode) (n=0to 7)
0 Output 0.
1 Output 1.

(b) Port mode register 12 (PM12)
This is an 8-bit register that specifies the input or output mode. It can be read or written in 8-bit or 1-bit
units.

After reset: FFH R/W Address: FFFFF438H

(i) V850ES/FJ2
7 6 5 4 3 2 1 0

PM12 | PM127 | PM126 ‘ PM125 | PM124 | PM123 ‘ PM122 ‘ PM121 | PM120 |

PM12n Control of I/O mode (n=0to0 7)
0 Output mode
1 Input mode

Caution To use the alternate function of P12n (ANIn), set PM12n to 1.
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4.3.11 Port CD
Port CD is a 4-bit port (PCDO to PCD3) for which I/O settings can be controlled in 1-bit units.
The number of I/O port pins differs depending on the product.

Product Number of I/0 Port Pins
V850ES/FE2
V850ES/FF2 N
V850ES/FG2
V850ES/EJ2 4-bit I/O port (PCDO to PCD3)

(1) Functions of port CD
e The input/output data of the port can be specified in 1-bit units.
Specified by port register CD (PCD)
e The input/output mode of the port can be specified in 1-bit units.
Specified by port mode register CD (PMCD)

Port CD functions alternately as the following pins.

Table 4-26. Alternate-Function Pins of Port CD

Pin Name Alternate-Function Pin Name 110 Remark Block Type
Port CD PCDO — I/O - B-1
PCD1 — B-1
PCD2 — B-1
PCD3 - B-1
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(2) Registers

(&) Port register CD (PCD)
Port register CD (PCD) is an 8-bit register that controls reading the pin level and writing the output level.
This register can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFFOOEH

(i) V850ES/FJ2
7 6 5 4 3 2 1 0
PCD | 0 | 0 ‘ 0 ‘ 0 | PCD3 ‘ PCD2 ‘ PCD1 ‘ PCDO |
PCDn Control of output data (in output mode) (n =0 to 3)
0 Output 0.
1 Output 1.

(b) Port mode register CD (PMCD)
This is an 8-bit register that specifies the input or output mode. It can be read or written in 8-bit or 1-bit

units.
After reset: FFH R/W Address: FFFFFO2EH
(i) VB50ES/FJ2

7 6 5 4 3 2 1 0

PMCD | 1 | 1 ‘ 1 | 1 | PMCD3 ‘ PMCD2 ‘ PMCD1 | PMCDO |

PMCDn Control of I/O mode (n =0to 3)

0 Output mode
1 Input mode
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4.3.12 Port CM
Port CM is a 2-bit, 4-bit, or 6-bit port (PCMO to PCM5) for which I/O settings can be controlled in 1-bit units.
The number of I/O port pins differs depending on the product.

Product Number of I/O Port Pins
VB50ES/FE2 | 2-bit /O port (PCMO, PCM1)***

V850ES/FF2 4-bit 1/0 port (PCMO to PCM3)"*?

VB50ES/FG2
V850ES/FJ2 4-bit 1/0 port (PCDO to PCD3)

Notes 1. In the VB50ES/FE2, the alternate function of the PCMO pin (WAIT) is not available.
2. In the V850ES/FF2 and V850ES/FG2, the alternate functions of the PCM0O, PCM2, and PCM3 pins.
(WAIT, HLDAK, HLDRQ) are not available.

(1) Functions of port CM

e The input/output data of the port can be specified in 1-bit units.
Specified by port register CM (PCM)

e The input/output mode of the port can be specified in 1-bit units.
Specified by port mode register CM (PMCM)

¢ Port mode or control mode (alternate function) can be specified in 1-bit units.
Specified by port mode control register CM (PMCCM)

Port CM functions alternately as the following pins.

Table 4-27 Alternate-Function Pins of Port CM

Pin Name Alternate-Function Pin Name 110 Remark Block Type
Port CM | PCMO WAIT I/O - D-1
PCM1 CLKOUT D-2
PCM2 HLDAK D-2
PCM3 CLDRQ D-1
PCM4 — B-1
PCM5 — B-1
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(2) Registers

(a) Port register CM (PCM)
Port register CM (PCM) is an 8-bit register that controls reading the pin level and writing the output level.
This register can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFFOOCH

(i) V850ES/FE2

PCM ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PCM1 ‘ PCMO |

(i) VB50ES/FF2, VB50ES/FG2

7 6 5 4 3 2 1 0

PCM ‘ 0 | 0 ‘ 0 ‘ 0 | PCM3 ‘ PCM2 ‘ PCM1 ‘ PCMO |
(iif) V850ES/FJ2

7 6 5 4 3 2 1 0

PCM | 0 | 0 I PCM5 I PCM4 | PCM3 I PCM2 I PCM1 I PCMO |
PCMn Control of output data (in output mode) (n =0 to 5)
0 Output 0.
1 Output 1.

262 User's Manual U17830EE1VOUMO0



CHAPTER 4 PORT FUNCTIONS

(b) Port mode register CM (PMCM)
This is an 8-bit register that specifies the input or output mode. It can be read or written in 8-bit or 1-bit

units.
After reset: FFH R/W Address: FFFFF02CH
(i) VB50ES/FE2
7 6 5 4 3 2 1 0
PMCM 1 1 1 1 1 1 PMCM1  PMCMO

(i) V850ES/FF2, V850ES/FG2

7 6 5 4 3 2 1 0

PMCM 1 1 1 1 PMCM3 PMCM2 PMCM1 PMCMO
(iii) VB50ES/FJ2

7 6 5 4 3 2 1 0

PMCM | 1 ‘ 1 ‘ PMCM5 | PMCM4 ‘ PMCM3 ‘ PMCM2 ‘ PMCM1 | PMCMO |
PMCMn Control of I/O mode (n =0 to 5)
0 Output mode
1 Input mode
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(c) Port mode control register CM (PMCCM)
This is an 8-bit register that specifies the port mode or control mode. It can be read or written in 8-bit or 1-
bit units.

After reset: 00H R/W Address: FFFFF04CH

(i) VB50ES/FE2, VB50ES/FF2, VB50ES/FG2

7 6 5 4 3 2 1 0
PMCCM 0 0 0 0 0 0 PMCCM1 0
(i) VB50ES/FJ2
7 6 5 4 3 2 1 0
PMCCM | 0 | 0 I 0 I 0 | PMCCM3 I PMCCM2 I PMCCM1 I PMCCMO |
PMCCM3 Specification of operation mode of PCM3 pin
0 1/0 port
1 HLDRQ input
PMCCM2 Specification of operation mode of PCM2 pin
0 1/0 port
1 HLDAK output
PMCCM1 Specification of operation mode of PCM1 pin
0 1/0 port
1 CLKOUT output
PMCCMO Specification of operation mode of PCMO pin
0 1/0 port
1 WAIT input
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4.3.13 Port CS

Port CS is a 2-bit or 8-bit port (PCS0 to PCS7) or which I/O settings can be controlled in 1-bit units.

The number of I/O port pins differs depending on the product.

Product

Number of 1/0 Port Pins

V850ES/FE2

V850ES/FG2

V850ES/FF2 2-bit I/O port (PCS0, PCS1)""*

V850ES/FJ2 8-bit 1/0 port (PCSO0 to PCS7)

Note In the VB50ES/FF2 and V850ES/FGZ2, the alternate functions of the PCS0 and PCS1 pins (CS0, CS1) are not

available.

(1) Functions of port CS

e The input/output data of the port can be specified in 1-bit units.
Specified by port register CS (PCS)
e The input/output mode of the port can be specified in 1-bit units.

Specified by port mode register CS (PMCS)
¢ Port mode or control mode (alternate function) can be specified in 1-bit units.

Specified by port mode control register CS (PMCCS)

Port CS functions alternately as the following pins.

Table 4-28 Alternate-Function Pins of Port CS

Pin Name Alternate-Function Pin Name 1/0 Remark Block Type
PortCS |PCSO | CSO 10 - D-2
PCS1 cs1 D-2
PCS2 cs2 D-2
PCS3 Cs3 D-2
PCS4 - B-1
PCS5 - B-1
PCS6 - B-1
PCS7 - B-1
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(2) Registers

(a) Port register CS (PCS)
Port register CS (PCS) is an 8-bit register that controls reading the pin level and writing the output level.
This register can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFFO08H

(i) V850ES/FF2, V850ES/FG2

7 6 5 4 3 2 1 0

PCS ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PCS1 ‘ PCS0 |
(i) VB50ES/FJ2

7 6 5 4 3 2 1 0

PCS | PCS7 | PCS6 ‘ PCS5 | PCS4 | PCS3 ‘ PCS2 ‘ PCS1 | PCSO |
PCSn Control of output data (in output mode) (n=0to 7)
0 Output 0.
1 Output 1.
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(b) Port mode register CS (PMCS)
This is an 8-bit register that specifies the input or output mode. It can be read or written in 8-bit or 1-bit
units.

After reset: FFH R/W Address: FFFFF028H

(i) VB50ES/FF2, VB50ES/FG2

7 6 5 4 3 2 1 0
PMCS 1 1 1 1 1 1 PMCS1  PMCSO
(ii) V850ES/FJ2
7 6 5 4 3 2 1 0

PMCS | PMCS7 ‘ PMCS6 ‘ PMCS5 | PMCS4 ‘ PMCS3 ‘ PMCS2 ’ PMCS1 | PMCSO |

PMCSn Control of I/O mode (n =0to 7)
0 Output mode
1 Input mode
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(c) Port mode control register CS (PMCCS)
This is an 8-bit register that specifies the port mode or control mode. It can be read or written in 8-bit or 1-

bit units.
After reset: 00H R/W Address: FFFFF048H
(i) VB50ES/FJ2
7 6 5 4 3 2 1 0
PMCCS | 0 I 0 I 0 ‘ 0 ‘ PMCCS3 I PMCCS2 | PMCCS1 ‘ PMCCSO0 |

PMCCS3 Specification of operation mode of PCS3 pin
0 1/0 port
1 CS3 output

PMCCS2 Specification of operation mode of PCS2 pin
0 1/0 port
1 CS2 output

PMCCS1 Specification of operation mode of PCS1 pin
0 1/0 port
1 CS1 output

PMCCSO Specification of operation mode of PCSO0 pin
0 1/0O port
1 CSO0 output
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4.3.14 Port CT

Port CT is a 4-bit or 8-bit port (PCTO to PCT7) or which I/O settings can be controlled in 1-bit units.

The number of I/O port pins differs depending on the product.

Product

Number of 1/0 Port Pins

V850ES/FE2

V850ES/FG2

V850ES/FF2 4-bit 1/0 port (PCTO, PCT1, PCT4,
PCT6)""

V850ES/FJ2 8-bit 1/0 port (PCTO to PCT7)

Note In the V850ES/FF2 and VB50ES/FG2, the alternate functions of the PCTO, PCT1, PCT4, and PCT6 pins

(WRO, WR1, RD, ASTB) are not available.

(1) Functions of port CT

e The input/output data of the port can be specified in 1-bit units.
Specified by port register CT (PCT)
e The input/output mode of the port can be specified in 1-bit units.

Specified by port mode register CT (PMCT)
¢ Port mode or control mode (alternate function) can be specified in 1-bit units.

Specified by port mode control register CT (PMCCT)

Port CT functions alternately as the following pins.

Table 4-29 Alternate-Function Pins of Port CT

Pin Name Alternate-Function Pin Name 1/0 Remark Block Type
Port CT | PCTO WRO 10 - D-2
PCT1 WR1 D-2
PCT2 - B-1
PCT3 - B-1
PCT4 RD D-2
PCT5 - B-1
PCT6 ASTB D-2
PCT7 - B-1
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(2) Registers

(a) Port register CT (PCT)
Port register CT (PCT) is an 8-bit register that controls reading the pin level and writing the output level.
This register can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFFOOAH

(i) V850ES/FF2, V850ES/FG2

7 6 5 4 3 2 1 0

PCT ‘ 0 | PCT6 ‘ 0 ‘ PCT4 | 0 ‘ 0 ‘ PCT1 ‘ PCTO |
(i) VB50ES/FJ2

7 6 5 4 3 2 1 0

PCT | PCT7 | PCT6 ‘ PCT5 | PCT4 | PCT3 ‘ PCT2 ‘ PCT1 | PCTO |
PCTn Control of output data (in output mode) (n=0to 7)
0 Output 0.
1 Output 1.
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(b) Port mode register CT (PMCT)
This is an 8-bit register that specifies the input or output mode. It can be read or written in 8-bit or 1-bit
units.

After reset: FFH R/W Address: FFFFF02AH

(i) VB50ES/FF2, VB50ES/FG2

7 6 5 4 3 2 1 0
PMCT | 1 ‘ PMCT6 ‘ 1 | PMCT4 ‘ 1 ‘ 1 ‘ PMCT1 | PMCTO |
(ii) V850ES/FJ2
7 6 5 4 3 2 1 0

PMCT | PMCT7 ‘ PMCT6 ‘ PMCT5 | PMCT4 ‘ PMCT3 ‘ PMCT2 ’ PMCT1 | PMCTO |

PMCTn Control of I/O mode (n =0to 7)
0 Output mode
1 Input mode
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(c) Port mode control register CT (PMCCT)
This is an 8-bit register that specifies the port mode or control mode. It can be read or written in 8-bit or 1-

bit units.
After reset: 00H R/W Address: FFFFFO4AH
(i) VB50ES/FJ2
7 6 5 4 3 2 1 0
PMCCT | 0 ‘ PMCCT6 ‘ 0 ‘ PMCCT4 | 0 | 0 | PMCCT1 ‘ PMCCTO |

PMCCT6 Specification of operation mode of PCT3 pin
0 1/O port
1 ASTB output

PMCCT4 Specification of operation mode of PCT2 pin
0 1/O port
1 RD output

PMCCT1 Specification of operation mode of PCT1 pin
0 1/O port
1 WR1 output

PMCCTO Specification of operation mode of PCTO pin
0 1/O port
1 WRO output
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4.3.15 Port DL

Port DL is an 8-bit, 12-bit, 14-bit, or 16-bit port (PDLO to PDL15) or which I/O settings can be controlled in 1-bit
units.

The number of I/0 port pins differs depending on the product.

Product Number of 1/0 Port Pins
V850ES/FE2 8-bit I/O port (PDLO to PDL7)""

V850ES/FF2 12-bit I/O port (PDLO to PDL11)"*
V850ES/FG?2 14-bit 1/0 port (PDLO to PDL13)""*
V850ES/EJ2 16-bit I/O port (PDLO to PDL15)

Note In the V850ES/FE2, VB50ES/FF2, and V850ES/FG2, the alternate function of the PDLn pin (ADn) is not
available. The alternate function of the PDL5 pin in the V850ES/FE2, V850ES/FF2, and V850ES/FG2 is
FLMD1 only.

(1) Function of port DL

e The input/output data of the port can be specified in 1-bit units.
Specified by port register DL (PDL)

e The input/output mode of the port can be specified in 1-bit units.
Specified by port mode register DL (PMDL)

e Port mode or control mode (alternate function) can be specified in 1-bit units.
Specified by port mode control register DL (PMCDL)
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Port DL functions alternately as the following pins.

Table 4-30 Alternate-Function Pins of Port DL

Pin Name Alternate-Function Pin Name 1/0 Remark Block Type
Port DL | PDLO ADO 110 - D-3
PDL1 AD1 D-3
PDL2 AD2 D-3
PDL3 AD3 D-3
PDL4 AD4 D-3
PDL5 AD5/FLMD1™* D-3
PDL6 ADG6 D-3
PDL7 AD7 D-3
PDL8 ADS8 D-3
PDL9 AD9 D-3
PDL10 | AD10 D-3
PDL11 AD11 D-3
PDL12 | AD12 D-3
PDL13 | AD13 D-3
PDL14 | AD14 D-3
PDL15 | AD15 D-3

Note Because the FLMD1 pin is used in the flash programming mode, it does not have to be manipulated
by using a port control register. For details, refer to CHAPTER 25 FLASH MEMORY.
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(2) Registers

(@) Port register DL (PDL)
Port register DL (PDL) is a 16-bit register that controls reading the pin level and writing the output level.
This register can be read or written in 16-bit units.
If the higher 8 bits of the PDL register are used as the PDLH register, and the lower 8 bits as the PDLL
register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: Undefined R/W Address: FFFFF004H, FFFFFOO5H

(i) V850ES/FE2
7 6 5 4 3 2 1 0
PDL| PDL7 ‘ PDL6 ‘ PDL5 | PDL4 ‘ PDL3 ‘ PDL2 ‘ PDL1 | PDLO ‘
(i) VB50ES/FF2
15 14 13 12 11 10 9 8
PDL (PDLH"") 0 ‘ 0 ‘ 0 | 0 ‘ PDL11 ‘ PDL10 ‘ PDL9 | PDL8 ‘
7 6 5 4 3 2 1 0
(PDLL)| PDL7 ‘ PDL6 ‘ PDL5 | PDL4 ‘ PDL3 ‘ PDL2 ‘ PDL1 | PDLO ‘
(iii) VB50ES/IFG2
15 14 13 12 11 10 9 8
PDL (PDLH"") 0 ‘ 0 ‘ PDL13 | PDL12 ‘ PDL11 ‘ PDL10 ‘ PDL9 | PDL8 ‘
7 6 5 4 3 2 1 0
(PDLL)| PDL7 ‘ PDL6 ‘ PDL5 | PDL4 ‘ PDL3 ‘ PDL2 ‘ PDL1 | PDLO ‘
(iv) VB50ES/FJ2
15 14 13 12 11 10 9 8
PDL (PDLH"") PDL15 ‘ PDL14 ‘ PDL13 | PDL12 ‘ PDL11 ‘ PDL10 ‘ PDL9 | PDL8 ‘
7 6 5 4 3 2 1 0
(PDLL)| PDL7 ‘ PDL6 ‘ PDL5 | PDL4 ‘ PDL3 ‘ PDL2 ‘ PDL1 | PDLO ‘
PDLn Control of output data (in output mode) (n = 0 to 15)
0 Output 0.
1 Output 1.

Note To read or write bits 8 to 15 of the PDL register in 8-bit or 1-bit units, specify these bits as bits 0
to 7 of the PDLH register.
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(b) Port mode register DL (PMDL)
This is a 16-bit register that specifies the input or output mode. It can be read or written in 16-bit units.
If the higher 8 bits of the PMDL register are used as the PMDLH register, and the lower 8 bits as the
PMDLL register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: FFFFH R/IW Address: FFFFF024H, FFFFFO25H

(i) V850ES/FE2
7 6 5 4 3 2 1 0
PMDL‘ PMDL7 | PMDL6 ‘ PMDL5 ‘ PMDL4 | PMDL3 ‘ PMDL2 ‘ PMDL1 ‘ PMDLO |

(ii) V850ES/FF2

15 14 13 12 11 10 9 8
PMDL (PMDLH""*) 1 | 1 ‘ 1 ‘ 1 | PMDL11 ‘ PMDL10 ‘ PMDL9 ‘ PMDL8 |
7 6 5 4 3 2 1 0

(PMDLL)‘ PMDL7 | PMDL6 ‘ PMDL5 PMDL4 | PMDL3 ‘ PMDL2 ‘ PMDL1 ‘ PMDLO |

(iii) V850ES/FG2

15 14 13 12 11 10 9 8
PMDL (PMDLH""*) 1 | 1 ‘ PMDL13 ‘ PMDL12 | PMDL11 ‘ PMDL10 ‘ PMDL9 ‘ PMDLS8 |
7 6 5 4 3 2 1 0

PMDL4 | PMDL3 ‘ PMDL2 ‘ PMDL1 ‘ PMDLO |

(PMDLL)‘ PMDL7 | PMDL6 ‘ PMDL5

(iv) VB50ES/FJ2
15 14 13 12 11 10 9 8

PMDL (PMDLHNme)l PMDL15 | PMDL14 ‘ PMDL13 ’ PMDL12 | PMDL11 ‘ PMDL10 ‘ PMDL9 ’ PMDL8 |

7 6 5 4 3 2 1 0

(PMDLL)l PMDL7 | PMDL6 ‘ PMDL5 PMDL4 | PMDL3 ‘ PMDL2 ‘ PMDL1 ‘ PMDLO |

PMDLn Control of I/O mode (n = 0 to 15)
0 Output mode
1 Input mode

Note To read or write bits 8 to 15 of the PMDL register in 8-bit or 1-bit units, specify these bits as bits
0 to 7 of the PMDLH register.
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(c) Port mode control register DL (PMCDL)
This is a 16-bit register that specifies the port mode or control mode. It can be read or written in 16-bit
units.
If the higher 8 bits of the PMCDL register are used as the PMCDLH register, and the lower 8 bits as the
PMCDLL register, however, these registers can be read or written in 8-bit or 1-bit units.

After reset: 0000H R/W Address: FFFFF044H, FFFFFO45H

(i) V850ES/FJ2
15 14 13 12 11 10 9 8

PMCDL (PMCDLH™") | PMCDL15 ‘ PMCDL14 ‘ PMCDL13 | PMCDL12 ‘ PMCDL11 ‘ PMCDL10 ‘ PMCDL9 | PMCDLS8 |

7 6 5 4 3 2 1 0

(PMCDLL)l PMCDL7 ‘ PMCDL6 ‘ PMCDL5 | PMCDL4 ‘ PMCDL3 ‘ PMCDL2 I PMCDL1 | PMCDLO |

PMCDLnN Specification of operation mode of PDL15 pin (n = 0 to 15)
0 1/O port
1 ADn I/O (address/data bus I/0)

Note To read or write bits 8 to 15 of the PMCDL register in 8-bit or 1-bit units, specify these bits as
bits O to 7 of the PMCDLH register.

User's Manual U17830EE1VOUMO0 277




CHAPTER 4 PORT FUNCTIONS

4.3.16 Port pins that function alternately as on-chip debug function
The pins shown in Table 4-31 function alternately as on-chip debug pins. After an external reset, these pins are
initialized as on-chip debug pins (DRST, DDI, DDO, DCK, and DMS).

Table 4-31 On-Chip Debug Pins

Pin Name Alternate Function Pin
P05 INTP2/DRST

P52 KR2/T1Q03/TOQO03/DDI
P53 KR3/TIQ00/TOQ00/DDO
P54 KR4/DCK

P55 KR5/DMS

To use these pins as port pins, not as on-chip debug pins, the following actions must be taken after an external

reset.

<1> Clear the OCDMO bit of the OCDM register (special register) to 0.
<2> Fix the PO5/INTP2/DRST pin to the low level until the above action has been taken.

When the on-chip debug function is not used, inputting a high level to the DRST pin before the above actions are
taken may cause a malfunction (CPU deadlock). Exercise utmost care in handling the P05 pin.

When a high level is not input to the PO5/INTP2/DRST pin (when this pin is fixed to low level), it is not necessary to
manipulate the OCDMO bit of the OCDM register.

Because a pull-down resistor (30 kQ TYP) is connected to the buffer of the PO5/INTP2/DRST pin, the pin does not
have to be fixed to the low level by an external source. The pull-down resistor is disconnected by clearing the OCDMO
bit to 0.

For details, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).
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4.3.17 Register settings to use port pins as alternate-function pins

Table 4-32 Register Settings to Use Port Pins as Alternate-Function Pins (1/7)

Pin Alternate-Function Pin PMn Register | PMCn Register | PFCm Register [PFCEm Register| Other Bits (Register)
Name Name 110

P00 TIP31 Input Setting not required | PMCO00 = 1 PFC00 =0 -
TOP31 Output | Setting not required | PMCO0 = 1 PFC00 =1 -

P01 TIP30 Input Setting not required | PMCO01 =1 PFCO01=0 -
TOP30 Output | Setting not required | PMCO01 = 1 PFCO1=1 -

P02 NMI Input Setting not required | PMC02 = 1 - -

P03 INTPO Input Setting not required | PMC03 = 1 PFC03=0 - INTx03 (INTx0)
ADTRG Output | Setting not required | PMCO03 =1 PFC03 =1 -

P04 INTP1 Input Setting not required | PMC04 = 1 - - INTx04 (INTx0)

P05 INTP2 Input | Setting not required | PMCO5 = 1 - - INTX05 (INTx0)
DRST Input Setting not required | Setting not required - - OCDMO (OCDM) = 1

P06 INTP3 Input Setting not required | PMCO06 = 1 — — INTx06 (INTxO0)

P10 INTP9 Input Setting not required | PMC10 = 1 - - INTx10 (INTx1)

P11 INTP10 Input Setting not required | PMC11 =1 - - INTx11 (INTx1)

Note After an external reset, the PO5/INTP2/DRST pin is initialized as an on-chip debug pin (DRST). To not use the
PO5/INTP2/DRST pin as an on-chip debug pin, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-
CHIP DEBUG UNIT).

Remarks 1. The port register (Pn) does not have to be set when the alternate function is used.

2.

INTxn = INTFn, INTRn
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Table 4-32 Register Settings to Use Port Pins as Alternate-Function Pins (2/7)

Pin Alternate-Function Pin PMn Register | PMCn Register | PFCm Register [PFCEm Register| Other Bits (Register)
Name Name e}
P30 TXDAO Output | Setting not required | PMC30 =1 - -
P31 RXDAO Input Setting not required | PMC31 =1 - - Note 1
INTP7 Input Setting not required | PMC31 =1 - - Note 1, INTx31 (INTx3)
P32 ASCKAO Input Setting not required | PMC32 =1 PFC32=0 PFCE32=0
TOPO1 Output | Setting not required | PMC32 =1 PFC32=1 PFCE32=0
TIPOO Input Setting not required | PMC32 =1 PFC32=0 PFCE32=1
TOPOO Output | Setting not required | PMC32 =1 PFC32=1 PFCE32=1
P33 TIPO1 Input Setting not required | PMC33 =1 PFC33=0 PFCE33=0
TOPO1 Output | Setting not required | PMC33 =1 PFC33=1 PFCE33=0
CTXDO Output | Setting not required | PMC33 =1 PFC33=0 PFCE33=1
P34 TIP10 Input Setting not required | PMC34 =1 PFC34=0 PFCE34=0
TOP10 Output | Setting not required | PMC34 =1 PFC34=1 PFCE34=0
CRXDO Input Setting not required | PMC34 =1 PFC34=0 PFCE34 =1
P35 TIP11 Input Setting not required | PMC35 =1 PFC35=0 -
TOP11 Output | Setting not required | PMC35 =1 PFC35=1 -
P36 CTXD1 Output | Setting not required | PMC36 = 1 - -
P37 CRXD1 Input Setting not required | PMC37 =1 - -
P38 TXDA2 Output | Setting not required | PMC38 = 1 - -
P39 RXDA2 Input Setting not required | PMC39 =1 - - Note 2
INTP8 Input Setting not required | PMC39 =1 - - Note 2, INTx39 (INTx3)
P40 SIBO Input Setting not required | PMC40 = 1 - -
P41 SOBO Output | Setting not required | PMC41 =1 - -
P42 SCKBO 110 Setting not required | PMC42 =1 - -

Notes 1. The INTP7 pin functions alternately as the RXDAO pin. To use this pin as the RXDAO pin, invalidate the

edge detection function of the alternate-function INTP7 pin (by clearing the INTF31 bit of the INTF3 register
to 0 and the INTR31 hit of the INTR3 register to 0). To use this pin as the INTP7 pin, stop the reception
operation of UARTAO (by clearing the UAORXE bit of the UAOCTLO register to 0).

The INTP8 pin functions alternately as the RXDA2 pin. To use this pin as the RXDA2 pin, invalidate the
edge detection function of the alternate-function INTP8 pin (by clearing the INTF39 bit of the INTF3 register
to 0 and the INTR39 bit of the INTR3 register to 0). To use this pin as the INTP8 pin, stop the reception
operation of UARTA2 (by clearing the UA2RXE bit of the UA2CTLO register to 0).

Remarks 1. The port register (Pn) does not have to be set when the alternate function is used.
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Table 4-32 Register Settings to Use Port Pins as Alternate-Function Pins (3/7)

Pin Alternate-Function Pin PMn Register | PMCn Register | PFCm Register [PFCEm Register| Other Bits (Register)
Name Name 110
P50 KRO Input Setting not required | PMC50 = 1 PFC50 =1 PFCE50=0 Note 1
TIQO1 Input Setting not required | PMC50 = 1 PFC50=1 PFCE50=0 Note 1
TOQO1 Output | Setting not required | PMC50 = 1 PFC50=0 PFCE50=1
P51 KR1 Input Setting not required | PMC51 =1 PFC51=1 PFCE54=0 Note 1
TIQO02 Input Setting not required | PMC51 =1 PFC51 =1 PFCE51=0 Note 1
TOQO02 Output | Setting not required | PMC51 =1 PFC51=0 PFCE51=1
P52 KR2 Input Setting not required | PMC52 =1 PFC52 =1 PFCE52 =0 Note 1
TIQO3 Input Setting not required | PMC52 = 1 PFC52=1 PFCE52=0 Note 1
TOQO03 Qutput | Setting not required | PMC52 = 1 PFC52=0 PFCE52=1
DDI"¢? Input Setting not required | Setting not required | Setting not required | Setting not required | OCDMO (OCDM) = 1
P53 KR3 Input Setting not required | PMC53 =1 PFC53 =1 PFCE53=0 Note 1
TIQO0 Input Setting not required | PMC53 =1 PFC53=1 PFCE53=0 Note 1
TOQO0 Output | Setting not required | PMC53 = 1 PFC53=0 PFCE53=1
DDQ"*? Qutput | Setting not required | Setting not required | Setting not required | Setting not required | OCDMO (OCDM) = 1
P54 KR4 Input Setting not required | PMC54 = 1 PFC54 =1 -
DCK"* ? Qutput | Setting not required | Setting not required | Setting not required - OCDMO (OCDM) =1
P55 KR5 Input Setting not required | PMC55 =1 PFC55=1 -
DMS"*? Output | Setting not required | Setting not required | Setting not required - OCDMO (OCDM) =1
Notes 1. The KRn pin functions alternately as the TIQOm pin. To use this pin as the TIQOm pin, invalidate the key
return detection function of the alternate-function KRn pin (by clearing the KRMn bit of the KRM register to
0). To use this pin as the KRn pin, invalidate the edge detection function of the alternate-function TIQOm
pin(n=0to 3, m=0to 3).
Pin Name When Used as TIQOm Pin When Used as KRn Pin
KRO/TIQ01 KRMO bit of KRM register = 0 TQOTIG2, TQOTIG3 bits of TQOIOCL1 register = 0
KR1/TIQ02 KRML1 bit of KRM register = 0 TQOTIG4, TQOTIGS bits of TQOIOCL1 register = 0
KR2/TIQ03 KRM2 bit of KRM register = 0 TQOTIG6, TQOTIG7 bits of TQOIOC1 register = 0
KR3/TIQ00 KRM3 bit of KRM register = 0 TQOTIGO, TQOTIG1 bits of TQOIOCL1 register = 0
TQOEESO, TQOEESL1 bits of TQOIOC2 register =0
TQOETSO, TQOETSL1 bits of TQOIOC2 register = 0
2. The DDI, DDO, DCK, and DMS pins are on-chip debug pins. To not use these pins as on-chip debug pins
after an external reset, refer to CHAPTER 27 ON-CHIP DEBUG FUNCTION (ON-CHIP DEBUG UNIT).
Caution If the control mode is specified by using the PMC5 register when the PFC5n bit of the PFC5 register

and the PFCED5n bit of the PFCES register are the default values (0), the output becomes undefined.
For this reason, first set the PFC5n bit of the PFC5 register and the PFCE5n bit of the PFCES
register, and then set the PMC5n bit to 1 to set the control mode.

Remarks 1. The port register (Pn) does not have to be set when the alternate function is used.
2. INTxn = INTFn, INTRn
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Table 4-32 Register Settings to Use Port Pins as Alternate-Function Pins (4/7)

Pin Alternate-Function Pin PMn Register | PMCn Register | PFCm Register [PFCEm Register| Other Bits (Register)
Name Name 110
P60 INTP11 Input Setting not required | PMC60 = 1 PFC60=1 - INTx60 (INTx6L)
P61 INTP12 Input Setting not required | PMC61 =1 PFC61=1 - INTx61 (INTx6L)
P62 INTP13 Input Setting not required | PMC62 = 1 PFC62=1 - INTx62 (INTx6L)
P65 CTXD2 Output | Setting not required | PMC65 = 1 PFC65=1 -
P66 CRXD2 Input Setting not required | PMC66 = 1 PFC66 =1 -
P67 CTXD3 Output | Setting not required | PMC67 = 1 PFC67 =1 -
P68 CRXD3 Input Setting not required | PMC68 = 1 PFC68=1 -
P610 TIQ20 Input Setting not required | PMC610 = 1 PFC610 =0 -
TOQ20 Output | Setting not required | PMC610 = 1 PFC610=1 -
P611 TIQ21 Input Setting not required | PMC611 = 1 PFC611=0 -
TOQ21 OQutput | Setting not required | PMC611 =1 PFC611=1 -
P612 TIQ22 Input Setting not required | PMC612 = 1 PFC612 =0 -
TOQ22 Output | Setting not required | PMC612 =1 PFC612=1 -
P613 TIQ23 Input Setting not required | PMC613 = 1 PFC613 =0 -
TOQ23 Output | Setting not required | PMC613 =1 PFC613=1 -
P70 ANIO Input PM70 = 1" — — -
P71 ANI1 Input PM71 = 1" — — —
P72 ANI2 Input PM72 = 1" — — -
P73 ANI3 Input PM73 = 1" - - -
P74 ANI4 Input PM74 = 1" — — -
P75 ANI5 Input PM75 = 1" — — —
P76 ANI6 Input PM76 = 1" — — -
P77 ANI7 Input PM77 = 1™ — — —
P78 ANI8 Input PM78 = 1" — — —
P79 ANI9 Input PM79 = 1" - - -
P710 ANI10 Input PM710 = 1™ — — -
P711 ANI11 Input PM711 = 1" — — —
P712 ANI12 Input PM712 = 1™ — — -
P713 ANI13 Input PM713 = 1" — — —
P714 ANI14 Input PM714 = 1™ — — -
P715 ANI15 Input PM715 = 1" — — —

Note Set PM7n to 1 to use the alternate function of P7n (ANIn).

Caution

If the control mode is specified by using the PMC6 register when the PFC6n bit (n = 0 to 8) of the

PFC6 register is the default value (0), the output becomes undefined.

For this reason, first set the PFC6n bit of the PFC6 register and then set the PMC6n bit to 1 to set

the control mode.

Remarks 1. The port register (Pn) does not have to be set when the alternate function is used.
2. INTxn = INTFn, INTRn
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Table 4-32 Register Settings to Use Port Pin as Alternate-Function Pins (5/7)

Pin Alternate-Function Pin PMn Register | PMCn Register | PFCm Register |[PFCEm Register| Other Bits (Register)
Name Name 110
P80 RXDA3 Input Setting not required | PMC80 = 1 - - Note 2
INTP14 Input Setting not required | PMC80 = 1 - - Note, INTx80 (INTx8)
P81 TXDA3 Qutput | Setting not required | PMC81 =1 - -
P90 KR6 Input Setting not required | PMC90 = 1 PFC90 =1 PFCE90 =0
TXDA1 Output | Setting not required | PMC90 = 1 PFC90=0 PFCE90 =1
P91 KR7 "* Input | Setting not required | PMC91 = 1 PFC91=1 PFCE91 =0
PFC91 =0 PFCE91 =1
RXDA1 Input Setting not required | PMC91 =1 PFC91 =0 PFCE91 =1
P92 TIQ11 Input Setting not required | PMC92 = 1 PFC92=1 PFCE92=0
TOQ11 Output | Setting not required | PMC92 = 1 PFC92=0 PFCE92=1
P93 TIQ12 Input Setting not required | PMC93 = 1 PFC93 =1 PFCE93 =0
TOQ12 Output | Setting not required | PMC93 = 1 PFC93=0 PFCE93 =1
P94 TIQ13 Input Setting not required | PMC94 = 1 PFC94 =1 PFCE94 =0
TOQ13 Output | Setting not required | PMC94 = 1 PFC94 =0 PFCE94 =1
P95 TIQ10 Input Setting not required | PMC95 = 1 PFC95 =1 PFCE95=0
TOQ10 Output | Setting not required | PMC95 = 1 PFC95 =0 PFCE95 =1
P96 TIP21 Input Setting not required | PMC96 = 1 PFC96 =0 PFCE96 =1
TOP21 Output | Setting not required | PMC96 = 1 PFC96 =1 PFCE96 =1
P97 SiB1 Input Setting not required | PMC97 = 1 PFC97 =1 PFCE97 =0
TIP20 Input Setting not required | PMC97 = 1 PFC97 =0 PFCE97 =1
TOP20 Output | Setting not required | PMC97 = 1 PFC97 =1 PFCE97 =1
P98 SOB1 Output | Setting not required | PMC98 = 1 PFC98 =1 -
P99 SCKB1 I/O Setting not required | PMC99 = 1 PFC99 =1 -
P910 SIB2 Input Setting not required | PMC910 = 1 PFC910=1 -
Po11 SOB2 Output | Setting not required | PMC911 =1 PFC911=1 -
P912 SCKB2 I/O Setting not required | PMC912 =1 PFC912=1 -
P913 INTP4 Input Setting not required | PMC913 =1 PFC913=1 PFCE913=0 INTx913 (INTx9H)
PCL Output | Setting not required | PMC913 =1 PFC913=0 PFCE913 =1
P914 INTP5 Input Setting not required | PMC914 =1 PFC914 =1 - INTx914 (INTx9H)
P915 INTP6 Input Setting not required | PMC915 =1 PFC915=1 - INTx915 (INTx9H)

Note 1. The KR7 pin and the RXDAL pin are using combined. Invalidate the key return detection of the KR7 pin

when you use the terminal as the RXDAL1 pin ("0" is set to the KRM7 bit of the KRM register.). Moreover, it is
recommended to set it to PFCI1 bit = 1, PFCE91 bit =0 when using it as the KR7 pin.
2 The INTP14 pin functions alternately as the RXDA3 pin. To use this pin as the RXDA3 pin, invalidate the
edge detection function of the alternate-function INTP14 pin (by clearing the INTF80 bit of the INTF8 register to

0 and the INTR80 bit of the INTR8 register to 0).

operation of UARTAS3 (by clearing the UA3RXE bit of the UA3CTLO register to 0).

Caution

To use this pin as the INTP14 pin, stop the reception

If the control mode is specified by using the PMC9 register when the PFC9n bit of the PFC9 register
and the PFCE9n bit of the PFCE9 register are the default values (0), the output becomes undefined.

For this reason, first set the PFC9n bit of the PFC9 register and the PFCE9n bit of the PFCE9
register, and then set the PMC9n bit to 1 to set the control mode.
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Remarks 1. The port register (Pn) does not have to be set when the alternate function is used.

2. INTxn = INTFn, INTRn

Table 4-32 Register Settings to Use Port Pins as Alternate-Function Pins (6/7)

Pin Alternate-Function Pin PMn Register | PMCn Register | PFCm Register [PFCEm Register| Other Bits (Register)
Name Name 110
P120 ANI16 Input PM120 = 1™ — - -
P121 ANI17 Input PM121 = 1" — — -
P122 ANI18 Input PM122 = 1™ — - -
P123 ANI19 Input PM123 = 1" - - -
P124 ANI20 Input PM124 = 1" - - -
P125 ANI21 Input PM125 = 1" - - -
P126 ANI22 Input PM126 = 1" - - -
P127 ANI23 Input PM127 = 1™ — - -
PCMO WAIT Input Setting not required | PMCCMO0 =1 - -
PCM1 CLKOUT Output | Setting not required | PMCCM1 =1 - -
PCM2 HLDAK Output | Setting not required | PMCCM2 =1 - -
PCM3 HLDRQ Input Setting not required | PMCCM3 = 1 - -
PCSO Ccso Output | Setting not required | PMCCSO =1 - -
PCS1 cs1 Output | Setting not required | PMCCS1 =1 - -
PCS2 cs2 Output | Setting not required | PMCCS2 =1 - -
PCS3 Ccs3 Output | Setting not required | PMCCS3 =1 - -
PCTO WRO Output | Setting not required | PMCCTO =1 - -
PCT1 WR1 Output | Setting not required | PMCCT1 =1 - -
PCT4 RD Output | Setting not required | PMCCT4 =1 - -
PCT6 ASTB Output | Setting not required | PMCCT6 =1 - -

Note Set PM12n to 1 to use the alternate function of P12n (ANIn).

Remark The port register (Pn) does not have to be set when the alternate function is used.
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Table 4-32 Register Settings to Use Port Pins as Alternate-Function Pins (7/7)

Pin Alternate-Function Pin PMn Register | PMCn Register | PFCm Register [PFCEm Register| Other Bits (Register)
Name Name /10
PDLO ADO I/O Setting not required | PMCDLO =1 - -
PDL1 AD1 1/0 Setting not required | PMCDL1 = 1 - -
PDL2 AD2 I/O Setting not required | PMCDL2 =1 - -
PDL3 AD3 1/0 Setting not required | PMCDL3 = 1 - -
PDL4 AD4 110 Setting not required | PMCDL4 = 1 - -
PDL5 AD5 I/O Setting not required | PMCDL5 = 1 - -
FLMD1 Input Setting not required | Setting not required - - Note
PDL6 AD6 I/O Setting not required | PMCDL6 = 1 - -
PDL7 AD7 1/0 Setting not required | PMCDL7 = 1 - -
PDLS8 AD8 I/O Setting not required | PMCDL8 = 1 - -
PDL9 AD9 I/O Setting not required | PMCDL9 = 1 - -
PDL10 AD10 110 Setting not required | PMCDL10 = 1 - -
PDL11 AD11 I/O Setting not required | PMCDL11 = 1 - -
PDL12 AD12 1/0 Setting not required | PMCDL12 =1 - -
PDL13 AD13 1/0 Setting not required | PMCDL13 =1 - -
PDL14 AD14 1/0 Setting not required | PMCDL14 =1 - -
PDL15 AD15 110 Setting not required | PMCDL15 =1 - -

Note The FLMDL1 pin does not have to be manipulated by using a port control register because it is used in the flash
programming mode. For details, refer to CHAPTER 25 FLASH MEMORY.

Remark The port register (Pn) does not have to be set when the alternate function is used.
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4.3.18 Operation of Port Function

The operation of a port differs depending on setting of the input or output mode, as follows.

1)

@)

(b)

)

@)

(b)

©)

@)

(b)

286

Writing to 1/O port

In output mode

A value can be written to the output latch by using a transfer instruction. The contents of the output latch are
output from the pin. Once data has been written to the output latch, it is retained until new data is written to the
output latch.

In input mode

A value can be written to the output latch by using a transfer instruction. Because the output buffer is off,
however, the status of the pin remains unchanged.

Once data has been written to the output latch, it is retained until new data is written to the output latch.

Caution Although a 1-bit memory manipulation instruction manipulates 1 bit, it accesses a port in 8-
bit units. If a port has a mixture of input and output pins, therefore, the contents of the
output latch of a pin set in the input mode become undefined, even if the pin is not subject to
manipulation.

Reading from 1/O port

In output mode
The contents of the output latch can be read by using a transfer instruction. The contents of the output latch
are not changed.

In input mode
The status of the pin can be read by using a transfer instruction. The contents of the output latch are not
changed.

Operation of 1/O port

In output mode

An operation is performed on the contents of the output latch and the result is written to the output latch. The
contents of the output latch are output from the pin.

Once data has been written to the output latch, it is retained until new data is written to the output latch.

In input mode
The contents of the output latch become undefined. Because the output buffer is off, however, the status of the
pin remains unchanged.

Caution Although a 1-bit memory manipulation instruction manipulates 1 bit, it accesses a port in 8-
bit units. If a port has a mixture of input and output pins, therefore, the contents of the
output latch of a pin set in the input mode become undefined, even if the pin is not subject to
manipulation.
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4.4 Cautions

4.4.1 Cautions on setting port pins

(1) 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 PFCERn registers, unexpected operations may
occur.

Note No-ch open-drain output pin only

Caution Regardless of the port mode/alternate-function mode, the Pn register is read and written as
follows.
. Pn register read: Read the port output latch value (when PMn.PMnm bit = 0), or read
the pin states (PMn.PMnm bit = 1).
e . Pnregister write: Write to the port output latch

(b) Cautions on alternate-function mode (input)
The input signal to the alternate-function block is low level when the PMCn.PMCnm bit is 0 due to the AND
output of the PMCn register set value and the pin level. Thus, depending on the port setting and alternate
function operation enable timing, unexpected operations may occur. Therefore, switch between the port
mode and alternate-function mode in the following sequence.

e 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.

e To switch from alternate-function mode (input) to port mode
Stop the alternate-function operation and then switch the pins to the port mode.

(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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4.4.2 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.

4.4.3 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 POS/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 After reset by the WDT2RES signal, clock monitor (CLM), or low-voltage detector (LVI), the
PO5/INTP2/DRST pin is not initialized to function as an on-chip debug pin (DRST). The OCDM
register holds the current value.

4.4.4 Cautions on PO5/INTP2/DRST pin

The PO5/INTP2/DRST pin has an internal pull-down resistor (30 K 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).
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The V850ES/FJ2 is provided with an external bus interface function by which memories such as ROM and RAM, or
I/O, can be externally connected. V850ES/FE2, V850ES/FF2, VB50ES/FG2 do not embed this interface.

5.1 Features

O Output from a multiplexed bus with a minimum of 3 bus cycles

O 8-bit/16-bit data bus selectable

O Wait function
¢ Programmable wait function of up to 7 states per memory block
o External wait function using WAIT pin

O lIdle state insertion function

O Bus hold function

O External devices can be connected using alternate-function port pins

O Fixed to little-endian format

O Misaligned access possible

O Chip select function (4 spaces)
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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 110 Function
ADO to AD15 PDLO to PDL15 lfe} Address/data bus
WAIT PCMO Input External wait control
CLKOUT PCM1 Output Internal system clock
CS0to CS3 PCSO0 to PCS3 Output Chip select signal
WRO, WR1 PCTO, PCT1 Output | Write strobe signal
RD PCT4 Output Read strobe signal
ASTB PCT6 Output Address strobe signal
WRQ PCM3 Input Bus hold control
HLDAK PCM2 Output

5.2.1 Pin status when internal ROM, internal RAM, or on-chip peripheral 1/0 is accessed
The following list shows pin statuses when internal ROM, internal RAM, or on-chip peripheral 1/0O is accessed.

Access Destination Address Bus Data Bus Control Signal
Internal ROM Undefined Hi-Z Inactive
Internal RAM Undefined Hi-z Inactive
On-chip peripheral I/0 Note Hi-Z Inactive

Note When an on-chip peripheral 1/O is accessed, the address of the on-chip peripheral I/O being accessed is
output via the address bus.

5.2.2 Pin status in each operation mode
For the pin status of the VB50ES/FJ2 in each operation mode, see 2.2 Pin Status.
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5.3 Memory Block Function

5.3.1 Memory space

The 64 MB memory space is divided into memory blocks of (lower) 2 MB, 2 MB, 4 MB, and 8 MB. The
programmable wait function and bus cycle operation mode for each of these blocks can be independently controlled in
one-block units.

Figure 5-1. Data Memory Map

3FFFFFFH On-chip peripheral I/O area 3FFFFFFH
(80 KB) (4KB) 3FFFO00H
3FECO000H 3FFEFFFH
3FEBFFFH N
Internal RAM area
'\ (60 KB)
Use prohibited \ 3FF0000H
\ 3FEFFFFH
Y Use prohibited
\ 3FEF000H
1000000H Programmable SFEEFFFH
OFFFFFEH \\‘"" peripheral I/O area 3FECO00H
External memory area Ccs3
(8 MB)
0800000H
07FFFFFH
External memory area Ccs2
(4 MB)
0400000H .
03FFFFFH e 01FFFFFH
External memory area — Internal ROM/
(2 MB) Cst .- external memory area°'®
0200000H ¥ (1KB) 0100000H
O01FFFFFH Internal ROM/ OOFFFFFH
(2 MB) CS0 external memory area™°t®
o0o000OH |y (1 KE) 0000000H

Note Addresses 0000000H to OOFFFFFH are internal ROM area when a fetch access or read access is
performed and external memory area when a write access is performed.

User's Manual U17830EE1VOUMO0 291



CHAPTER 5 BUS CONTROL FUNCTION

5.3.2 Chip select function

Of the 64 MB address space, the lower 16 MB (0000000H to OFFFFFFH) include four chip select functions, CSO to
CS3. The areas that can be selected by@ to CS3 are fixed as shown in Table 5-2.

However, since the V850ES/FJ2 has sixteen address pins (PDLO/ADO to PDL15/AD15); 64 KB addresses can be
selected linearly.

Table 5-2. Area Selected by Chip Select Function

Pin Name Area
Ccso 0000000H to 01FFFFFH (2 MB)
cs1 0200000H to 03FFFFFH (2 MB)
cs2 0400000H to 07FFFFFH (4 MB)
cs3 0800000H to OFFFFFFH (8 MB)
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5.4 Bus Access

5.4.1 Number of clocks for access
The following table shows the number of base clocks required for accessing each resource.

Table 5-3. Number of Clocks for Access

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

Note 2 if a conflict with a data access occurs.
Remark Unit: Clocks/access

5.4.2 Bus size setting function

The bus size of each external memory area selected by@ to CS3 can be set (to 8 bits or 16 bits) by using the
bus size configuration (BSC) register.

The external memory area (01000000H to OFFFFFFH) of the VB50ES/FJ2 is selected by CS0 to CS3.

(1) Bus size configuration (BSC) register
The BSC register can be read or written in 16-bit units.

Caution Write to the BSC register after reset, and then do not change the set values. Also, do not
access an external memory area other than the one for this initialization routine until the
initial settings of the BSC register are complete. However, external memory areas whose
initial settings are complete may be accessed.

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
| 0 ‘ BS30 ‘ 0 ‘ BS20 ‘ 0 ‘ BS10 ‘ 0 ‘ BS00 |
- ] ] ] ]
CSn signal CS3 cs2 Ccs1 CSo
BSn0 Data bus size of CSn 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 1to O.
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5.4.3 Access according to bus size

The V850ES/FJ2 accesses the on-chip peripheral /0O and external memory in 8-bit, 16-bit, or 32-bit units. The bus
size is as follows.

e The bus size of the on-chip peripheral I/O is fixed to 16 bits.
e The bus size of the external memory is selectable from 8 bits or 16 bits (by using the BSC register).

The operation when each of the above is accessed is described below. All data is accessed starting from the lower
side.

The V850ES/FJ2 supports only the little-endian format.

Figure 5-2. Little-Endian Address in Word

31 24 23 16 15 87 0
 oooed | oooaH | ooosn | ooogH
ooorH 0006H o00sH 0004+
0003H 0002H 0001H 0000H

(1) Byte access (8 bits)

(@) 16-bit data bus width

<1> Access to even address (2n) <2> Access to odd address (2n + 1)
Address Address
153778 15
E E 2n+1
81 8
7 7 7 7
2n - :
0 0 0 0L
Byte data  External data Byte data External data
bus 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

2n+1
0 0

Byte data External data
bus
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(2) Halfword access (16 bits)

(@) 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 15 15771
2n+1 :
8 8 8
7 70 7
E 2n 2n+2
0 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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(3) Word access (32 bits)

(a) 16-bit data bus width (1/2)

<1> Access to address (4n)

<2> Access to address (4n + 1)

First access

31 [ ]
24 | |
23
16 Address
15 [ 15 [
dn+1
8 | 8 |
7 7
4n
0| 0|
Word data External data

bus

First access

31

24
23

16 Address

15 15
dn+1

0 0

Word data External data
bus

Second access

3 |
24 | |
23
16 Address
15 [ 15[ |
4n+ 3
8 | 8 |
7 7
4an + 2
0[] 0|
Word data External data
bus
Second access
31 [ ]
24| |
23
16 || _Address
15 15
4n+ 3
8 | 81 |
7 7
4n+ 2
(VN I (O I
Word data External data

bus

Third access

31

24
23

Address

16
15 15

4n + 4

0 0

Word data External data
bus
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(@) 16-bit data bus width (2/2)

<3> Access to address (4n + 2)

First access Second access
< 3 [ |
24 | 24
23 23 [
16 || _Address 16 || Address
15 15 15 15
4n + 3 4n+5
8| | 8| | 8 || 8
7 7 7 7
4n+ 2 4n +4
0| | 0| | 0 | 0
Word data External data Word data External data
bus bus

<4> Access to address (4n + 3)

First access Second access
31 [ ] 31 [ ]
24 | | 24 | |
23 23
16 | Address 16 | _ Address
15 15 15 15
4n+3 4n+5
8 || 8 8 | 8|
7 7 7 7
E . in+4
0| O._.: 0| 0|
Word data External data Word data External data
bus bus

Third access

31

24
23

16 . —Address
15 15

4n+6

0 0

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
16 [ | 16 || 16 | 16 ||
15 15 15 15
) Address 8 Address 8 Address 8 Address
71 7 7 7 71 7 71 7
4n 4n+1 an+ 2 4n+ 3
oL 0 o 0 o 0 o 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
311 31[ ] 311 311
24 24 24 24
23 [ 23 [ 23 [ | 23 [
16 || 16 || 16 || 16 ||
15 15 15 15
81| Address 8| Address 8 || Address 81 | Address
7 7 7 7 7 7 7 7
4an+1 4n + 2 4n + 3 4an+4
o 0 0| 0 0 0 o 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
71 7 71 7 71 1 7 711 7
4n + 2 4n+ 3 an+4 4n+5
(N 0 (N 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[ ] 311 311 311
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 7 701 7 711 7
4n + 3 4an + 4 4n+5 4n+6
0L | 0 0[] 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
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5.5 Wait Function

5.5.1 Programmable wait function

(1) Data wait control register 0 (DWCO)
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 for each chip select area (ﬁ to Cﬁ) by using data wait
control register 0 (DWCQO0). 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.

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 other than the one for this initialization routine until
the initial settings of the DWCO register are complete. However, external memory areas
whose initial settings are complete may be accessed.

After reset: 7777H R/W Address: FFFFF484H
15 14 13 12 11 10 9 8
DWCOl 0 ‘ DW32 ‘ DW31 ‘ DW30 ‘ 0 ‘ DW22 ‘ Dw21 ‘ DW20 |
@signal ‘ cs3 ‘ ‘ cs2 ‘
7 6 5 4 3 2 1 0
| 0 ‘ DwW12 ‘ Dw11 ‘ DW10 ‘ 0 ‘ DW02 ‘ Dwo1 ‘ DWO00 |
ﬁsignal ‘ cs1 ‘ ‘ cso ‘
DWn2 Dwn1 DWnO Number of wait states inserted in
CSn space (n=0to 3)
0 0 0 None
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.
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5.5.2 External wait function

To synchronize an extremely slow external memory, I/O device, or asynchronous system, any number of wait states
can be inserted in the bus cycle by using the external wait pin (W).

Access to each area of the internal ROM, internal RAM, and on-chip peripheral 1/O is not subject to control by the
external wait function, in the same manner as the programmable wait function.

The Wsignal 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. 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.

5.5.3 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.

Figure 5-3. Wait Control

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 5-4. Inserting Wait Example

‘ T1 ‘ TW ‘ T™W ‘ T™W ‘ T2 ‘

wor LI LI LI LI LI LT L
o 1 [T

Wait via WAIT pin / \

Programmable wait / \

Wait control j \

Remark The circles indicate the sampling timing.
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5.5.4 Programmable address wait function

Address-setup or address-hold waits to be inserted in each bus cycle can be set by using the address wait control
register (AWC). Address wait insertion is set for each chip select area (Cﬁ to (ﬁ).

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.

After reset: FFFFH R/W Address: FFFFF488H

15 14 13 12 11 o 9 8
el T T 2 T 2 [+ 1 ] ] ] 1|
7 6 5 a4 3 2 1 0

| Anws | asws | anwz | asw2 | anwi | aswi | anwo | Aswo |
CSn signal CS3 CSs2 Cs1 CS0

AHWnN | Specification of insertion of address hold wait in CSn space (n =0 to 3)

0 Not inserted

1 Inserted

ASWn | Specification of insertion of address setup wait in CSn space (n =0 to 3)

0 Not inserted

1 Inserted

Caution Be sure to set bits 15to 8to 1.
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5.6 Idle State Insertion Function

To facilitate interfacing with low-speed memories, one idle state (TI) can be inserted after the T3 state in the bus
cycle that is executed for each space selected by the chip select function. 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 bus cycle control (BCC) register.

An idle state is inserted for all the areas immediately after system reset.

(1) Bus cycle control (BCC) register
The BCC register can be read or written in 16-bit units.

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 other than the one for this initialization routine until the
initial settings of the BCC register are complete. However, external memory areas whose
initial settings are complete may be accessed.

After reset: AAAAH

R/W Address: FFFFF48AH

15 14 13 12 11 10 9 8
BCC| 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0
7 6 5 4 3 2 1 0
[ Bcar | o [ B2t | o [Bcur | o | Bcor | o
__ = L [ |-
CSn signal CS3 CSs2 Cs1 CS0
BCnl Specification of 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 O.
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5.7 Bus Hold Function

5.7.1 Functional outline

The HLDAK and HLDRQ functions are valid if the PCM2 and PCM3 pins are set in the control mode.

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 bus

mastership is cleared and the WRQ 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 a
peripheral I/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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5.7.2 Bus hold procedure

The bus hold status transition procedure is shown in Figure 5-5.

Figure 5-5. Bus Hold Status Transition

<1> HLDRQ = 0 acknowledged

<2> All bus cycle start requests inhibited
<3> End of current bus cycle

<4> Shift to bus idle status

<5> HLDAK =0

<6> m =1 acknowledged

<7>HLDAK = 1

<8> Bus cycle start request inhibition released
<9> Bus cycle starts

HLDRQ (input)

Normal status

Bus hold status

Normal status

HLDAK (output)

<1> <2>

<3><4>

<5>

<6>

<7><8><9>

5.7.3 Operation in power save mode

Because the internal system clock is stopped in the software STOP, IDLE1, IDLE2 and Sub IDLE modes, the bus
hold status is not entered even if the HLDRQ pin is asserted.
In the HALT mode, the HLDAK pin is asserted as soon as the WRQ 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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5.8 Bus Priority

Bus hold, instruction fetch (branch), instruction fetch (successive), and operand data accesses are executed in the
external bus cycle.

Bus hold has the highest priority, followed by 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

5.9 Boundary Operation Conditions
5.9.1 Program space

(1) If a branch instruction exists at the upper limit of the internal RAM area, a prefetch operation straddling over
the on-chip peripheral 1/0 area (invalid fetch) does not occur.

(2) Instruction execution to the external memory area cannot be continued without a branch from the internal ROM
area to the external memory area.

5.9.2 Dataspace

The V850ES/FJ2 has 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.

(1) Halfword-length data access
A byte-length bus cycle is generated twice if the least significant bit of the address is 1.

(2) Word-length data access
(&) 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.
(b) A halfword-length bus cycle is generated twice if the lower 2 bits of the address are 10.
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5.10 Bus Timing

5.10.1 Multiplexed bus

Figure 5-6. Basic Bus Cycle

CLKOUT
AD15 to ADO
ASTB

csn

WAIT

RD

Notes 1.

T2 T3

JEpEREEN

T2

1

TW

[ 1

TW

[

J..L
o
>
[

D1

L

D2

T3

Tl T1

A3

-
-

-

|Programmab|e |
Weight

-t
%

|External-|
Weight

-
-

ADO to AD7 hold the address output when odd address byte data is accessed.

ADS8 to AD15 hold the address output when even address byte data is accessed.

Otherwise, CSn is always high level.

Remark

N Sampling clock

CSn (n = 3 to 0) becomes low level, as shown above, when the corresponding CSn area is accessed.

At the time of 8bit access

Odd number address

Even number address

AD15-AD8

Data

AD7-ADO

Data
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Figure 5-7. When Wait State (1 Wait) Is Inserted

T imiminnliw!w! 3F i oM
acour | L L L LML LU o

AD15 to ADS X Af : A2

AD7 to ADO X A1 Y D1 (A2 D2 { A3

aste |\ [\ /
csn

WAIT T AV /T

R _

Programmable| * [External Idle
Weight Weight State

Notes 1. ADO to AD7 hold the address output when odd address byte data is accessed.
ADS8 to AD15 hold the address output when even address byte data is accessed.

2. CSn (n =3to 0) becomes low level, as shown above, when the corresponding CSn area is accessed.
Otherwise, CSn is always high level.

Remark N Sampling clock
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Figure 5-8. When Idle State Is Inserted

CLKOUT

AD15 to ADO

ASTB

T1 T2 T3 T1

ijEpEREE.

T2 TW T™W T3

LU L L

X A1 X D1 K A2

D2

TI T1

A3

F
o

Py /T

% ]

00

-t Ll -
-} -

-t
%

| Idle '|
State

| Programmablel |External-|
ngght Weight

Notes 1. ADO to AD7 hold the address output when odd address byte data is accessed.
ADS8 to AD15 hold the address output when even address byte data is accessed.
2. CSn (n =3to 0) becomes low level, as shown above, when the corresponding CSn area is accessed.
Otherwise, CSn is always high level.

Remark. T: Sampling clock

At the time of 8bit access Odd number address Even number address
AD15-AD8 Data Uncertain
AD7-ADO Uncertain Data

‘WRn (n =1 or 0) 01 10
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Figure 5-9. When Wait State (1 Wait) and Idle State Are Inserted

T1 T2 T3 Tl T2 T™W T™W T3 TI Tl
o LU LT L L LT L L L L
—
AD15 to AD8 x A1 A2

D1 X A2 D2 A3 X:

AD7 to ADO

1 1
P
=

aste |\ [\ / L
csn X
WAIT T ™AV /7T

WR1, WR0 10} 10

| Programmablel |Extemal |
Weight Weight State

Notes 1. ADO to AD7 hold the address output when odd address byte data is accessed.
ADS8 to AD15 hold the address output when even address byte data is accessed.
2. CSn (n =3to 0) becomes low level, as shown above, when the corresponding CSn area is accessed.

Otherwise, CSn is always high level.

Remark. T Sampling clock
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Figure 5-10. When Address Wait State Is Inserted

T1 T2 TASW | T1 {TAHW| T2 T3
CLKOUT | | | | l | | I | | r
- H ! !
AD15 to ADO X A1 D1 Add!ress D!ata ’<:
i X A
— )— —
ASTB \ \ /
_ = 1=
CSn X
- ('?—
)L
f
WAIT T 1
WRL, WRO o0 if 0 |

Notes 1. ADO to AD7 hold the address output when odd address byte data is accessed.
ADS8 to AD15 hold the address output when even address byte data is accessed.

2. CSn (n = 3 to 0) becomes low level, as shown above, when the corresponding CSn area is accessed,

Otherwise, CSn is always high level.

Remark. T Sampling clock
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Figure 5-11. Basic Bus Cycle

CLKOUT
HLDRQ
HLDAK

AD15 to ADO
ASTB
Csn

RD

T1

T2

L

T3

TI TH

L

TH

L

TH

L

TH

TI T1

T2

T3

Al

D1

2

KUndefineu

>

All

—

|Buslme|

performed. At all other times, these pins output a high level.

\

Undefinedk A2

D2

All

Notes 1. ADO to AD7 hold the address output when odd address byte data is accessed.
ADB8 to AD15 hold the address output when even address byte data is accessed.
2. WRO and WR1 output a low level as shown in the above timing chart when target data access is

3. CSn (n =3 to 0) becomes low level, as shown above, when the corresponding CSn area is accessed.
Otherwise, CSn is always high level.
4. Idle state (TI) that does not depend on the setting value of BCC register.
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6.1 Overview

The following clock generation functions are available.

O Main clock oscillator
¢ In clock-through mode
fx =410 5 MHz (fxx =4 to 5 MHz)
e In PLL (Phase Locked Loop) mode
fx =4 to 5 MHz (fxx = 16 to 20 MHz)
O Subclock oscillator (sub-resonator)
e 32.768 kHz
e 20 kHz (RCR =390 kQ, C = 47 pF)
O Multiply (x4) function via PLL (Phase Locked Loop)
o Clock-through mode/PLL mode selectable
O Ring OSC
e frR =200 kHz (TYP.)
O Internal system clock generation
o 7 steps (fxx, fxx/2, fxx/4, txx/8, fxx/16, fxx/32, fxT)
O Peripheral clock generation
O Clock output function
O Programmable clock output (PCL) function

Remarks: 1. f, : main clock oscillation frequency

2. f,. : Main clock frequency
3.1, : Internal oscillator clock frequency
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6.2 Configuration

Figure 6-1. Clock Generator

FR(j bit xtal
XT10-~] 2|t .
Subclock R Luu Watch timer clock
XT20—] oscillator ©
o IDLE
1/2 divider
control
RC T
Select IDLE mode 1, 2
oscillator
b er 3 /210 52" \nateh timer (WT) clock,
rescaler CSIBO clock
IDLE mode 1, 2
. PLLON
MFRC bit bit
| CK2 to CKO bits | CK3 bit Main clock oscillator
X101 Main clock IDLE |fxx stop detection
x20—] oscillator [ | PLL I g control [ 77| Prescaler2
? % /32 HALT mode
Main clock v fod16 |
oscillator /8 | S S fi
stop control XX 3 2 5 o o HALTHICPY | by clock
PCK1, fodd | 3 2 g control
Software STOP mode | PCKO bit ) fod2 | @ @ o few_ Internal
SELPLL bit fox 2 system clock
§ fxx to fxx/1024
PCLO 3 —1 Prescaler 1 Peripheral clock
&
Prescaler 4 fx 0 /128 Watchdog timer 2 (WDT2)
CLKOUTO={ PortCM
i - fr® )
Ring-OSC 1/8 divider Watchdog timer 2 (WDT2) clock
RSTP bit

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

¢ In clock-through mode
fx = 4 to 5 MHz (internal fxx = 4 to 5 MHz)

e In PLL mode
fx = 4 to 5 MHz (internal fxx = 16 to 20 MHz)

(2) Subclock oscillator
The subclock oscillator oscillates a frequency (fxt) of 32.768 kHz or 20 kHz.
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©)

4

®)

(6)

@)

®)

©

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 software STOP mode or when the MCK bit of the PCC
register = 1 (valid only when the CLS bit of the PCC register = 1).

Ring-OSC
Outputs a frequency (fr) = 200 kHz (TYP.)

Prescaler 1

This prescaler generates the clock (fxx to fxx/1,024) to be supplied to on-chip peripheral functions. Peripheral
functions are as follows.

TMPO-TMP3, TMQO-TMQ2, TMMO, CSIB0-CSIB2, UARTAO-UARTA3, ADC, WDT2.

Prescaler 2

This circuit divides the CPU clock (fcru) and main clock (fxx).

The clock generated by prescaler 2 (fxx to fxx/32) is supplied to the selector that generates the internal system
clock (fcik).

fck is the clock supplied to the INTC, 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.

Prescaler 4
This prescaler generates the clock (fx to fx/1048) to be supplied to on-chip peripheral functions such as the
only WDT2.

PLL

This circuit multiplies the clock generated by the main clock oscillator (fx) by 4.

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 SELPLL bit of the PLL control register (PLLCTL).
PLL is started or stopped by the PLLON bit of the PLLCTL register.
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6.3 Control Registers

(1) Processor clock control register (PCC)
The PCC register is a special register. Data can be written to this register in combination of specific sequences

(see 3.4.9 Special registers).
This register can be read or written in 8-bit or 1-bit units.
Reset input sets this register to 03H.

(1/2)

After reset: 03H R/W Address: FFFFF828H

7 6 5 4 3 2 1 0
pcc | FRC | Mck | MFRC [cis®e| ck3 | ck2 | cki | cko |

FRC Use of subclock on-chip feedback resistor

0 Used

1 Not used
MCK Operation of main clock

0 Enable oscillation

1 Oscillation stopped

« Even if the MCK bit is set to 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.

« When the main clock is stopped and the device is operating on the subclock, clear
the MCK bit to 0 and wait until the oscillation stabilization time has been secured
by the program before switching back to the main clock.

MFRC Use of main clock on-chip feedback resistor

0 Used

1 Not used

CLSs Status of CPU clock (fcru)
0 Main clock operation
1 Subclock operation

Note The CLS bit is a read-only bit.
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Cautions 1.

(2/12)

CK3 CK2 CK1 CKO Clock selection (fck/fepu)

0 0 0 0 fxx

0 0 0 1 fxx/2

0 0 1 0 fxx/4

0 0 1 1 fxx/8

0 1 0 0 fxx/16

0 1 0 1 fxx/32

0 1 1 X Setting prohibited

1 X X X fxr

Do not change the
output.

Use a bit manipulation instruction to manipulate the CK3 (0—1 or 1-0) bit. When using
an 8-bit manipulation instruction, do not change the set values of the CK2 to CKO bits.

Remark x:don’t care

CPU clock (by using the CK3 to CKO bits) while CLKOUT is being

(@) Example of setting main clock operation — subclock operation

<1>

<2>

<3>

Cautions 1.

CK3 bit « 1:
Subclock operation:

MCK bit « 1:

2. If the following

Use a hit manipulation instruction. Do not change the CK2 to CKO bits.

It takes up to the following number of instructions after the CK3 bit is set until
the subclock operation is started.

1/subclock frequency (f,,)

Therefore, read the CLS bit to check if the subclock operation has started.

Set the MCK bit to 1 only when stopping the main clock.

When stopping the main clock, stop the PLL.

conditions are not satisfied, change the CK2 to CKO bits so that the

conditions are satisfied, then change to the subclock operation mode. Setting clock by

CK2-CKO (fxx-fx

x/32) > Subclock (f,,) x4

(b) Example of setting subclock operation — main clock operation

<1>
<2>
<3>

<4>

MCK bit < 0:

Main clock oscillation starts.

Insert wait cycles by program and wait until the oscillation of the main clock has stabilized.

CK3 bit «— 0:
Main clock operation:

Use a bit manipulation instruction. Do not change the CK2 to CKO bits.
it takes up to the following time after the CK3 bit is set until the main clock
operation specified by the CK2 to CKO bits is started.
Max.: (1/subclock frequency)
Therefore, read the CLS bit to check if the main clock operation has started.
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(2) CPU operation clock status register (CCLS)
The CCLS register indicates the CPU operating clock status.
This register is read-only, in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: 00H R Address: FFFFF82EH
6 3 2 1 0
ccs | o 0 0 0 0 0 0 | ccLsF |
CCLSF CPU operating clock status
0 Operates on main clock (fx) or subclock (fxt)
1 Operates on Internal oscillator (fr)

Caution If WDT2 overflows before counting the oscillation stabilization time ends after a reset or STOP
mode release, it is judged as abnormal oscillation of fx (main clock) and the CPU operates on

the Ring-OSC clock.

(3) Ring-OSC mode register (RCM)
The RCM register is an 8-bit register that sets the operation mode of Ring-OSC.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: 00H R/W Address: FFFFF80CH

7 6 5 4 3 2 1 0
rReM [ o | o | o | o | o | o 0 | RsTOP |
RSTOP Operation/stop of Ring-OSC

0 Ring-OSC operating

1 Ring-OSC stopped

Caution 1. Ring-OSC can be stopped by setting the RSTOP bit of the RCM register to 1 only when “Ring-
OSC stopped” is selected by the option function.

Caution 2. If RSTOP bit is set (1), the internal oscillator is oscillated by .CCLSF bit is set (1) (WDT overflow
is generated in the oscillation stabilization time).Then, the RSTOP bit remains being set (1).

(4) Oscillation stabilization time select register (OSTS)
The OSTS register selects the oscillation stabilization time following reset or release of the STOP mode.

See 11.3 (1) Oscillation stabilization time select register (OSTS).
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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

PCC Register
CLS Bit=0, MCK Bit=0 CLSBit=1, CLS Bit=1,
MCK Bit=0 MCK Bit=1
<1> <2> <3> <4> <5> <6> <7> <6> <7>

Main clock oscillator (fx) x O O O x O O x x
Subclock oscillator (fxr) O O O O O O O O O
CPU clock (fceu) x x x x x O X O x
Internal system clock (fcik) x x O x x O x O x
Peripheral clock (fxx to fxx/1,024) X x O x x O x x x
WT clock (main) x x O O x O O x x
WT clock (sub) O O O O O O O O O
WDT?2 clock (ring) x O O O O O (@) @) o
WDT2 clock (main) x x O O x O O x X
Main clock oscillator (fxx) x x O x x O x x x
PLL clock (f,,) x Notel O Note 2 x O O x x

Notes:1. The stable clock is supplied from beginning operation after the time of 172 passes and through the lock-

up time.

2. The operation enable at IDLE1 mode. Stopped at IDLE2 mode

Remark CLS bit:

Bit 4 of the processor clock control register (PCC)

MCK bit: Bit 6 of the PCC register

O:  Operable
x: Stopped

<1>: RESET pin input

<2>: During oscillation stabilization time count

<3>: HALT mode

<4>: IDLE1, IDLE2 mode
<5>: Software STOP mode
<6>: Subclock operation mode

<7>. Sub-IDLE mode
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6.4.2 Clock output function

The clock output function is used to output the internal system clock (fcik) from the CLKOUT pin.

The internal system clock (fck) is selected by using the CK3 to CKO bits of the processor clock control register
(PCC).

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 alternate-function
pin (PCM1: input mode) is selected in <1> and <2> after the RESET signal has been input. Consequently, the
CLKOUT pin goes into a high-impedance state.

6.5 PLL Function

6.5.1 Overview
The PLL function is used to output the operating clock of the CPU and peripheral macro at a frequency 4 times
higher than the oscillation frequency, and select the clock-through mode.

When PLL function is used: Input clock = 4 to 5 MHz (output: 16 to 20 MHz)
Clock-through mode: Input clock = 4 to 5 MHz (output: 4 to 5 MHz)

6.5.2 Control 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 input 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 [serL]| pLioN |
SELPLL CPU operation clock selection

0 Clock-through mode

1 PLL mode

PLLON Control of PLL operation/stop
0 PLL stopped

1 PLL operating
(After PLL operation starts, a lockup time is required for frequency stabilization)

Cautions 1. The SELPLL bit can be set to 1 only when the PLL clock frequency is stabilized. If not
(unlocked),“0” is written to the SELOLL bit if data is written to it.
2. When the PLLON bit is cleared to 0, the SELPLL bit is automatically cleared to O (clock-
through mode).
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(2) Lock register (LOCKR)
Phase lock occurs at a given frequency following power application or immediately after the software STOP
mode is released, and the time required for stabilization is the lockup time (frequency stabilization time). This
time until stabilization is called the lockup status, and the stabilized state is called the locked status.
The lock register (LOCKR) includes a LOCK bit that reflects the PLL frequency stabilization status.
This register is read-only, in 8-bit or 1-bit units.
Reset input clears this register to 00H.

Remark: At the lockup time (frequency stabilization time) LOCKR is set (1)

After reset: 00H R Address: FFFFF824H

4 3 2 1 0
tockk | 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/reset
conditions are as follows.

[Set conditions]
e |In IDLEZ2 or upon system reset
¢ In software STOP mode
e Upon setting of PLL stop (clearing of PLLON bit of PLLCTL register to 0)
e Upon stopping main clock and using CPU with subclock (setting of CK3 bit of PCC register to 1 and setting

Note

of MCK bit of same register to 1)

Note This register is set to 01H by reset and cleared to O0OH after the reset has been released and the
oscillation stabilization time has elapsed.

[Reset conditions]

¢ Upon overflow of oscillation stabilization time following reset release (OSTS register default time)

e Upon oscillation stabilization timer overflow (time set by OSTS register) following software STOP mode
release, when the software STOP mode was set in the PLL operating status

e Upon PLL lockup timer overflow (time set by PLLS register) when the PLLON bit of the PLLCTL register is
changed from0Oto 1

e Upon oscillation stabilization timer overflow (time set by OSTS register) following software IDLE2 mode
release, when the software IDLE2 mode was set in the PLL operating status
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(3) PLL lockup time specification register (PLLS)
The PLLS register is an 8-bit register used to select the PLL lockup time when the PLLON bit of the PLLCTL
register is changed from O to 1.
This register can be read or written in 8-bit units.
Reset input sets this register to 03H.

After reset: 03H R/W Address: FFFFF6C1H

6 5 4 3 2 1 0
s | o | o | o | o | o | o |[pst| puso|
PLLS1 PLLSO Selection of PLL lockup time
0 0 Setting prohibited
0 1 Setting prohibited
1 0 2%2/fx
1 1 253/fx (default value)

Caution Set so that the lockup time is 800 us or longer.
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(4) Programmable clock mode register (PCLM)

The PCLM register is an 8-bit register used to control the PCL output.

This register can be read or written in 8-bit or 1-bit units.

After reset: O0H R/W Address: FFFFF82FH
7 6 5 4 3 2 1 0
PCLM | 0 0 0 | PCLE | 0 | 0 ‘ PCK1 | PCKO |
PCLE Selection of PCL output operation
0 PCL output disabled (fixed to low level)
1 PCL output enabled

Caution Set the port-related control registers (PM, PMC, PFC, PFCE, etc.) first, and then set PCLE to 1.

PCK1 PCKO Selection of PLL output clock
0 0 fxx/2
0 1 fxx/4
1 0 fxx/8
1 1 fxx/16

Caution Set PCLE to 1 only during PLL operation. To stop the PLL, clear PCLE to 0.

6.5.3 Usage

(1) TousePLL

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

e To operate the PLL from the stopped status, set the PLLON bit to 1, and then set the SELPLL bit to 1 after
the LOCKR.LOCK bit = 0 (the lockup time can be counted by setting the lockup time to the PLLS register
and monitoring the LOCK flag of the LOCKR register).

e 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)

When shifting to the IDLE2 or STOP mode while remaining in the PLL operation mode, set the OSTS register

as follows.

¢ Software STOP mode: Oscillation stabilization time > PLL lockup time (800 xs (min.))
¢ IDLE2 mode: Setup time > PLL lockup time (800 xs (min.))
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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The VB50ES/FE2, V850ES/FF2, VB50ES/FG2, V850ES/FJ2 include 16-bit timer/event counter P (TMPO to TMP3).

7.1 Features

Timer P (TMP) is a 16-bit timer/event counter that can be used in various ways.
TMP can perform the following operations.

¢ PWM output

e Interval timer

e External event counter (operation disabled when clock is stopped)
e One-shot pulse output

e Pulse width measurement function

e Timer synchronized operation function

e Free-running function

e External trigger pulse output function

7.2 Functional Outline

e Capture trigger input signal x 2

e External trigger input signal x 1

e Clock selection x 8

e External event count input x 1

e Readable counter x 1

e Capture/compare reload register x 2
e Capture/compare match interrupt x 2
e Timer output (TOPNO, TOPN1) x 2

Remark n=0to3
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7.3 Configuration

TMP consists of the following hardware.

Table 7-1. Configuration of TMPO to TMP3

Item Configuration

Timer register 16-bit counter

Registers TMPn capture/compare registers 0, 1 (TPNCCRO, TPNnCCR1)
TMPn counter read buffer register (TPNCNT)
CCRO0, CCR1 buffer registers

Timer inputs 2 (TIPnO™**, TIPN1)

Timer outputs 2 (TOPNO, TOPN1)

Control registers TMPn control registers 0, 1 (TPNCTLO, TPnCTL1)

TMPn I/O control registers 0 to 2 (TPnIOCO to TPnlIOC2)
TMPn option register 0 (TPNOPTO)

TIPnm pin noise elimination control register (PNmNFC)

Selector operation control registers 0, 1 (SELCNTO, SELCNT1"*?)

Notes 1. TIPnO functions alternately as a capture trigger input signal, external trigger input signal, and external

event count input signal.
2. SELCNT1 is incorporated only in the xPD70F3239.

Remark n=0to3,m=0,1

The pins of TMP function alternately as port pins. For how to set the alternate function, refer to the description of
the registers in CHAPTER 4 PORT FUNCTIONS.

Table 7-2. TMP Pin List

Pin Name Alternate-Function Pin 110 Function
TIPOO P32/ASCKAO/TOP0OO/TOPO1 Input External event/clock input (TMPO)
TIPO1 P33/TOP01/CTXDO
TIP10 P34/TOP10/CRXDO External event/clock input (TMP1)
TIP11 P35/TOP11
TIP20 P97/SIB1/TOP20 External event/clock input (TMP2)
TIP21 P96/TOP21
TIP30 P0O1/TOP30 External event/clock input (TMP3)
TIP31 POO/TOP31
TOPOO P32/ASCKAO/TIPOO/TOPO1 Output | Timer output (TMPO)

TOPO1 P32/ASCKAO/TIPOO/TOPOO

P33/TIP01/CTXDO

TOP10 P34/TIP10/CRXDO Timer output (TMP1)
TOP11 P35/TIP11

TOP20 P97/SIB1/TIP20 Timer output (TMP2)
TOP21 P96/TIP21

TOP30 PO1/TIP30 Timer output (TMP3)
TOP31 POO/TIP31
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Figure 7-1. Block Diagram of Timer P

\ Internal bus \
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TPnIOC1 TPnCTL1 ii TPnOPTO TPnIOCO
N2

Internal bus \

Notes 1.
2.
3.

TMPO, TMP2

TMP1, TMP3

TSOUT signal of CANO block (TMPO)

RXDAO pin (TMP1)

TSOUT signal of CAN2 block (TMP2)

RXDAZ2 pin (TMP3)

Refer to 7.4 (7) Selector operation control register 0 (SELCNTO) and 7.4 (8) Selector operation
control register 1 (SELCNT1).

INTTMOEQO interrupt of TMM block or TSOUT signal of CAN1 block (TMPO)

RXDAL1 pin (TMP1)

TSOUT signal of CAN3 block (TMP2)

RXDAS3 pin (TMP3)

Refer to 7.7 (1) Selector operation control register 0 (SELCNTO) and 7.7 (2) Selector operation
control register 1 (SELCNT1).

Remark n=0to 3
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(1) TMPn capture/compare register 0 (TPnCCRO)
The TPnCCRO register is a 16-bit register that has a capture function and a compare function.
Only in the free-running mode, this register is used as a capture register or a compare register, this behavior
can be specified by using the TPnCCSO0 bit of the TPNnOPTO register.
In the pulse width measurement mode, this register works only as a capture register.
In all the modes other than the free-running mode and pulse width measurement mode, this register functions
as a compare register.
In the default status, the TPNCCRO register functions as a compare register.
This register can be read or written in 16-bit units.
Reset input clears this register to 0000H.

Caution At the time of subclock operated and main clock stopped, the access to TPnCCRO is
prohibited. For details, refer to 3. 4.10 (2)

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

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ncero| | | | | | ] L] ]
(n=0to3)

¢ When used as compare register
TPnCCRO can be rewritten when TPnCE = 1.

TMP Operation Mode Method of Writing TPnCCRO Register

PWM output mode or external trigger pulse Reload
output mode

Free-running mode, external event count mode, Anytime write
one-shot pulse output mode, or interval timer
mode

Pulse width measurement mode Cannot be used because used only as capture
register

e When used as capture register
The count value is stored in TPNCCRO on detection of the edge of the capture trigger (TIPnO) input.
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(2) TMPn capture/compare register 1 (TPnCCR1)
The TPNnCCRL1 register is a 16-bit register that has a capture function and a compare function.
Only in the free-running mode, this register is used as a capture register or a compare register, this behavior
can be specified by using the TPnCCSO bit of the TPnOPTO register.
In the pulse width measurement mode, this register works only as a capture register.
This register can be read or written in 16-bit units.
Reset input clears this register to 0000H.

Caution At the time of subclock operation and main clock stopped, the access to TPnCCR1 is
prohibited. For details, refer to 3.4.10 (2)

After reset: 0000H R/W  Address: TPOCCR1: FFFFF598H, TP1CCR1: FFFFF5A8H,
TP2CCR1: FFFFF5B8H, TP3CCR1: FFFFF5C8H

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
=c:te [N N I O I R B R
(n=0to3)

¢ When used as compare register
TPnCCR1 can be rewritten when TPnCE = 1.

TMP Operation Mode Method of Writing TPNnCCR1 Register

PWM output mode or external trigger pulse Reload
output mode

Free-running mode, external event count mode, Anytime write

one-shot pulse output mode, or interval timer

mode

Pulse width measurement mode Cannot be used because used only as capture
register

e When used as capture register
The count value is stored in TPNCCR1 on detection of the edge of the capture trigger (TIPn1) input.
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(3) TMPn counter read buffer register (TPNCNT)
The TPnCNT register is a read buffer register that can read the value of the 16-bit counter.
This register is read-only, in 16-bit units.
Reset input sets this register to FFFFH.
Although the hardware status is FFFFH when TPnCE = 0, 0000H is read from this register.
The counter value of the 16-bit counter is read when TPnCE = 1.

Caution At subclock operated and at main clock stopped, the acsess to TPnCNT register is not enable.

For details, refer to 3. 4.10 (2)

After reset: FFFFH R Address: TPOCNT: FFFFF59AH, TP1CNT: FFFFF5AAH,
TP2CNT: FFFFF5BAH, TP3CNT: FFFFF5CAH

15 14 13 12 11 10 9 8 7 6 5 4 3 2

= I N

(n=0to 3)
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7.4 Control Registers

(1) TMPn control register 0 (TPnCTLO)
The TPnCTLO register is an 8-bit register that controls the operation of timer P.

This register can be read or written in 8-bit or 1-bit units.

Reset input clears this register to 00H.

TPNnCTLO register cannot be rewritten in operating. But only TPnCE bit can always be rewritten.

(1/2)

After reset: OOH R/W

7

Address: TPOCTLO: FFFFF590H, TP1CTLO: FFFFF5A0H,

TP2CTLO: FFFFF5BOH, TP3CTLO: FFFFF5COH

6 5 4 3 2

1 0

TPnCTLOl TPnCE ‘

| TPnCKS2 | TPnCKS1 | TPnCKSO |

(n=0to3)

TPnCE

Control of operation of timer Pn

0

Disable internal operating clock operation (asynchronously reset TMPn).

1

Enable internal operating clock operation.

The TPnCE bit controls the internal operating clock and asynchronously resets TMPn. When this bit
is cleared to 0, the internal operating clock of TMPn is stopped (fixed to the low level), and TMPn is

asynchronously reset.
When the TPnCE bit is set to 1, the internal operating clock is enabled within 2 input clocks, and
TMPn counts up.

TPNCKS2

TPNCKS1 | TPnCKSO

Selection of internal count clock

n=0,2

n=1,3

fxx

fxx/2

fxx/4

fxx/8

fxx/16

fxx/32

fxx/64

P (P |k | |O|lO|O|O

P (kR |O|O|(FR |k |O|O
P ([O|FP |O|Fr |O|F |O

fxx/128 fxr

Caution Set the TPnCKS2 to TPNnCKSO0 bits when TPnCE = 0.

Remark

When the TPnCE bit setting is changed from 0 to 1, the TPnCKS2 to

TPnCKSO bits can be set at the same time.

fxx: Main system clock frequency
fxr: XT1 input clock frequency
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(2/2)

Resolution and maximum number of counts

Internal count clock Resolution [us] Maximum count time [ms]

fxx = 16 MHz fxx = 20 MHz fxx = 16 MHz fxx = 20 MHz

fxx 0.0625 0.050 4.10 3.28
fxx/2 0.125 0.100 8.19 6.55
fxx/4 0.250 0.200 16.38 13.11
fxx/8 0.500 0.400 32.77 26.21
fxx/16 1.000 0.800 65.54 52.43
fxx/32 2.000 1.600 131.11 104.86
fxx/64 4.000 3.200 262.14 209.72
fxx/128 8.000 6.400 524.29 419.43

Internal count clock Resolution [us] Maximum count time [ms]

fxr = 32.768 kHz fxr = 32.768 kHz
fxr 30.52 2000.00
331
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(2) TMPn control register 1 (TPnCTL1)
The TPnCTL1 register is an 8-bit register that controls the operation of timer P.

This register can be read or written in 8-bit or 1-bit units.

Reset input clears this register to 00H.

(1/2)

(n=0to3)

After reset: 0OH R/W  Address: TPOCTL1: FFFFF591H, TP1CTL1: FFFFF5A1H,

TP2CTL1: FFFFF5B1H, TP3CTL1: FFFFF5C1H

7 6 5 4 3 2 1 0
TPnCTL1 | TPNnSYE ‘ TPnEST ‘ TPnEEE | 0 | 0 | TPnNMD2 | TPnMD1 | TPNMDO |
TPnSYE Tuned operation mode enable control
0 Independent operation mode (asynchronous operation mode)
1 Tuned operation mode (specification of slave operation)
In this mode, timer P can operate in synchronization with a master timer.
Master timer Slave timer
TMPO TMP1 —
TMP2 TMP3 TMQO
T™MQ1 T™Q2 -
For the tuned operation mode, refer to 7.6 Timer Synchronized Operation Function.
Caution Be sure to clear the TPOSYE and TP2SYE bits to 0.
TPNnEST Software trigger control
0 No operation
1 In one-shot pulse mode: One-shot pulse software trigger
In external trigger pulse output mode: Pulse output software trigger

The TPnEST bit functions as a software trigger in the one-shot pulse mode or external trigger pulse
output mode (this bit is invalid in any other mode). By setting TPnEST to 1 when TPNnCE =1, a
software trigger is issued. Therefore, be sure to set TPnEST to 1 when TPNCE = 1.

The TIPnO pin is used for an external trigger. The read value of the TPnEST bit is always O.

TPnEEE Selection of count clock
0 Internal clock (clock selected by TPNnCKS2 to TPNCKSO bits)
1 External event count input (edge of input to TIPnO)

The valid edge is specified by the TPnEES1 and TPnEESO bits when TPnEEE = 1 (External event

count input: TIPnO).
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(2/2)
TPnMD2 | TPnMD1 | TPnMDO Selection of timer mode
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 mode
1 0 0 PWM mode
1 0 1 Free-running mode
1 1 0 Pulse width measurement mode
1 1 1 Setting prohibited
Cautions 1. Set the TPnEEE and TPnMD2 to TPnMDO bits when TPnCE = 0 (the
same value can be written when TPnCE = 1). If these bits are
rewritten when TPnCE = 1, the operation cannot be guaranteed. If
these bits are rewritten by mistake, clear TPnCE to 0 and then set
them again.
2. The external event count input is selected regardless of the value
of the TPNEEE bit at an external event count mode.
3. Set "0" to bit 3 and 4.
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(3) TMPn 1I/O control register 0 (TPnIOCO)
The TPnIOCO register is an 8-bit register that controls the timer outputs (TOPnO and TOPn1).
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: 0OH R/W  Address: TPOIOCO: FFFFF592H, TP1IOCO: FFFFF5A2H,
TP2I0CO: FFFFF5B2H, TP3IOCO: FFFFF5C2H

7 6 5 4 3 2 1 0
TPnIOCO | 0 ‘ 0 ‘ 0 | 0 | TPnOL1 | TPnOE1 | TPnOLO | TPnOEO |
(n=0to3)
TPnOLmM Setting of TOPnm output level (m =0, 1)
0 Normal output
1 Inverted output
TPnOEmM Setting of TOPnm output (m =0, 1)
0 Disable timer output (TOPnm pin outputs low level when TPnOLm = 0, and high level
when TPnOLm = 1).
1 Enable timer output (TOPnm pin outputs pulses).

Cautions 1. Rewrite the TPnOL1, TPnOE1, TPnOLO and TPnOEO bits when TPnCE
=0 (the same value can be written when TPnCE = 1). If these bits are
rewritten by mistake, clear TPnCE to 0 and then set them again.

2. To enable the timer output, be sure to set the corresponding
alternate-function pins TPnIS3 to TPnISO of the TPnIOCL1 register to
“Detect no edge” and invalidate the capture operation. Then set the
corresponding alternate-function port to output mode.

3. In the state of TPnCE bit = 0 and TPnOEm bit = 0, the output level of
TOPnm pin changes even when the TPnOLm bit is operated.
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(4) TMPn I/O control register 1 (TPnIOC1)
The TPnIOCL1 register is an 8-bit register that controls the valid edge of the external input signals (TIPn0O and

TIPn1).

This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: 00H

R/W  Address: TPOIOC1: FFFFF593H, TP1IOCl: FFFFF5A3H,
TP2I0C1: FFFFF5B3H, TP3IOC1: FFFFF5C3H

7 6 5 4 3 2 1 0
TPnIOC1 | 0 ‘ 0 0 0 TPnIS3 TPnIS2 TPnIS1 ‘ TPnISO |
(n=0to 3)
TPnIS3 TPnIS2 Setting of valid edge of capture input (TIPn1)
0 0 Detect no edge (capture operation is invalid).
0 1 Detect rising edge.
1 0 Detect falling edge.
1 1 Detect both the edges.
TPnIS1 TPnISO Setting of valid edge of capture input (TIPnO0)
0 0 Detect no edge (capture operation is invalid).
0 1 Detect rising edge.
1 0 Detect falling edge.
1 1 Detect both the edges.
Cautions 1. Rewrite the TPnIS3 to TPnISO bits when TPnCEO = 0 (the same value

can be written when TPnCE = 1). |If these bits are rewritten by
mistake, clear TPnCE to 0 and then set them again.

The TPnIS3 to TPnISO bits are valid only in the free-running mode
and pulse width measurement mode. A capture operation is not
performed in any other mode.

If used as the capture input, be sure to set the corresponding
alternate-function pins TPnOE1 and TPnOEO of the TPnIOCO register
to “Disable timer output” and set the capture input valid edge. Then
set the corresponding alternate-function port to input mode

Set it without the edge detection of the TIPnO capture input (TPnIS1
and 0 bit = 00b) when using it in the external event count mode
(TPNEEE bit = 1 of TPNCTL1).
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(5) TMPn I/O control register 2 (TPnIOC2)
The TPnIOC2 register is an 8-bit register that controls the valid edge of the external event count input signal
(TIPNnO) and external trigger input signal (TIPnO).
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: 00H R/W  Address: TPOIOC2: FFFFF594H, TP1llOC2: FFFFF5A4H,
TP2I0C2: FFFFF5B4H, TP3IOC2: FFFFF5C4H

7 6 5 4 3 2 1 0
TPnlOC2 | 0 ‘ 0 ‘ 0 | 0 | TPnEES1 | TPnEESO | TPnETS1 | TPnETSO |
(n=0to 3)
TPnEES1 | TPNEESO Setting of valid edge of external event count input (TIP0O)
0 0 Detect no edge (external event count is invalid).
0 1 Detect rising edge.
1 0 Detect falling edge.
1 1 Detect both the edges.

TPnETS1 | TPNETSO Setting of valid edge of external trigger input (TIPOO)
0 0 Detect no edge (external trigger is invalid).
0 1 Detect rising edge.
1 0 Detect falling edge.
1 1 Detect both the edges.

Cautions 1. Rewrite the TPNnEES1, TPnEESO, TPnETSland TPnETSO bits when
TPnCE = 0 (the same value can be written when TPnCE = 1). If these
bits are rewritten by mistake, clear TPnCE to 0 and then set them
again.

2. The TPnEES1 and TPnEESO bits are valid when TPnEEE = 1 or when
the external event count mode is set (TPnMD2 to TPnMD of
TIPNCTL1 register = 001).

3. TPNnETSland TPnETSO bits are valid when the external trigger pulse
output mode (TPnMD2-0=010b of TPnCTL register) and the one-shot
pulse output mode (TPnMD2-0=011b of TPnCTL1 register) is set.
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(6) TMPn option register 0 (TPNOPTO)
The TPnOPTO register is an 8-bit register that selects a capture or compare operation, and detects an overflow.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

Afterreset: 0OH R/  Address: TPOOPTO: FFFFF595H, TP10PTO: FFFFF5ASH,
TP20PTO: FFFFF5B5H, TP3OPTO: FFFFF5C5H

7 6 5 4 3 2 1 0
TPnOPTO | 0 ‘ 0 TPnCCS1 | TPnCCSO 0 0 0 ‘ TPnOVF |
(n=0to3)
TPnCCSm Selection of capture or compare operation of TPNCCRm register (m =0, 1)
0 Compare register
1 Capture register

The set value of the TPNnCCSm bit is valid only in the free-running mode.

TPnOVF Detection of overflow of timer P
Set (1) Overflow occurred
Reset (0) 0 written to TPNOVF bit or TPNCE =0

e The TPnOVF bit is set when the 16-bit counter overflows from FFFFH to 0000H in the free-running
mode and pulse width measurement mode.

¢ As soon as the TPNOVF bit has been set to 1, an interrupt request signal (INTTPnOV) is
generated. The INTTPnOV signal is not generated in any mode other than the free-running mode
and pulse width measurement mode.

e The TPnOVF bit is not cleared even if the TPnOVF bit and TPnOPTO register are read when
TPNOVF = 1.

e The TPnOVF bit can be read and written, but 1 cannot be written to the TPnOVF bit. Writing 1 to
this bit does not affect the operation of timer P.

Caution Rewrite the TPnCCS1 and TPnCCSO bits when TPnCEO = 0 (the same
value can be written when TPnCE = 1). If these bits are rewritten by
mistake, clear TPnCE to 0 and then set them again.
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(7) TIPnm pin noise elimination control register n (PNmNFC)
The PnmNFC register is an 8-bit register that sets the digital noise filter of the timer P input pin for noise
elimination.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: 00H R/W Address: POONFC : FFFFFBOOH (TIPOO pin)
PO1NFC : FFFFFBO4H (TIPO1 pin)
P10ONFC : FFFFFBO8H (TIP10 pin)
P11INFC : FFFFFBOCH (TIP11 pin)
P20NFC : FFFFFB10H (TIP20 pin)
P2INFC : FFFFFB14H (TIP21 pin)
P30NFC : FFFFFB18H (TIP30 pin)
P31INFC : FFFFFB1CH (TIP31 pin)
7 6 5 4 3 2 1 0
PnmNFC 0 NFSTS 0 0 0 NFC2 NFC1 NFCO
NFSTS Setting of number of times of sampling by digital noise filter
0 3times
1 2 times
NFC2 NFC1 NFCO Sampling clock
n=0,2 n=1,3
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/16 fxx/8
1 0 0 fxx/32 fxx/16
1 0 1 fxx/64 fxr
Other than above Setting prohibited

Cautions 1.
2.

Remarks 1.

2.

Be sure to clear bits 3to 5and 7 to 0.

A signal input to the timer input pin (TIPnm) before the PnmNFC
register is set is output with digital noise eliminated.

Therefore, set the sampling clock (NFC2 to NFCO) and the number of
times of sampling (NFSTS) by using the PnmNFC register, wait for
initialization time = (Sampling clock) x (Number of times of
sampling), and enable the timer operation.

The width of the noise that can be accurately eliminated is (Sampling
clock) x (Number of times of sampling — 1). Even noise with a width
narrower than this may cause a miscount if it is synchronized with the
sampling clock.

n: Number of timer channels (0 to 3)

m: Number of input pins (0, 1)
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7.5 Operation

Timer P performs the following operations.

Operation TPNnEST (Software TIPnO (External Capture/Compare Compare Write
Trigger Bit) Trigger Input) Selection

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode "°* Invalid Invalid Compare only Anytime write
External trigger pulse output Valid Valid Compare only Reload
modeNmEZ

One-shot pulse output mode™*? Valid Valid Compare only Anytime write
PWM mode Invalid Invalid Compare only Reload
Free-running mode Invalid Invalid Capture/compare Anytime write

selectable
Pulse width measurement mode™*? | Invalid Invalid Capture only Not applicable

Notes 1.

clearing the TPnIS1 and TPnISO bits of the TPnIOCL1 register to “00”).
2. To use the external trigger pulse output mode, one-shot pulse mode, or pulse width measurement mode,
select a count clock (by clearing the TPnEEE bit of the TPnCTL1 register to 0).

Remark n=0to3

7.5.1 Anytime write and reload

To use the external event counter function, specify that the input edge of the TIPnO pin is not detected (by

Timer P allows rewriting of the TPNCCRO and TPnCCRL1 registers while the timer is operating (TPNnCE = 1). These

registers are written differently (anytime write or reload) depending on the mode.

(1) Anytime write

When data is written to the TPnCCRm register during timer operation, it is transferred at any time to the CCRm

buffer register and is compared with the value of the 16-bit counter.

n=0to3
m=0,1

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

START

Initial setting

Enable timer operation (TpnCE = 1)
- Transfer values of TPNCCRO
and TPnCCR1 to CCRO buffer

register and CCR1 buffer register

Rewrite TPNCCRO
- Transfer to CCRO buffer register

Rewrite TPNCCR1
- Transfer to CCR1 buffer register

* CCRO buffer register matches
16-bit counter.
 Clear and start 16-bit counter.

2. n=0to 3

Remarks 1. This is an example in the interval timer mode.

_—

INTTPNnCCO occurs

340
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Figure 7-3. Timing Chart of Anytime Write

TPNCE=1

16-bit
counter

TPnCCRO

CCRO buffer
register

TPnCCR1

CCR1 buffer

registor  0000H Dus X Diz

INTTPNCCO

INTTPnCC1

Remarks 1. Doi, Do2: Set value of TPnCCRO register (0000H to FFFFH)
D11, D12: Set value of TPnCCRL1 register (0000H to FFFFH)
2. This is an example in the interval timer mode.
3. n=0to3
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(2) Reload

When data is written to the TPnCCRO and TPnCCR1 registers during timer operation, it is compared with the
value of the 16-bit counter transferred to the CCRm buffer register after reserved until the written value
becoming a specific state. The values of the TPNCCRO and TPnCCRL1 registers can be rewritten when TPnCE
=1

So that the set values of the TPNnCCRO and TPnCCRL1 registers are compared with the value of the 16-bit
counter (the set values are reloaded to the CCRm buffer register), the value of the TPnCCRO register must be
rewritten and then a value must be written to the TPnCCRL1 register before the value of the 16-bit counter
matches the value of TPNCCRO. When the value of the TPNCCRO register matches the value of the 16-bit
counter, the values of the TPNCCRO and TPnCCRL1 registers are reloaded.

Whether the next reload timing is made valid or not is controlled by writing to the TPnCCRL1 register. Therefore,
write the same value to the TPNCCR1 register when it is necessary to rewrite the value of only the TPnCCRO
register.

Figure 7-4. Flowchart of Basic Operation of Reload

( START )

Initial setting

|
Enable timer operation (TPnCE = 1)
- Transfer value of TPNCCRm
to CCRm buffer register

Rewrite TPnCCRO.

Rewrite TPnCCR1. Reload is enabled

e TPNCCRO matches 16-bit INTTPnCCO occurs
counter.

« Clear and start 16-bit counter.

* Value of TPNnCCRm is reloaded

to CCRm buffer register.

Caution Writing the TPnCCRL1 register includes an operation to enable reload. Therefore, rewrite the

TPNnCCRL1 register after rewriting the TPnCCRO register.

Remarks 1. This is an example in the PWM mode.

2. n=0to3,m=0,1
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Figure 7-5. Timing Chart of Reload

TPNnCE=1

16-bit
counter

TPNCCRO

CCRO buffer
register

TPnCCR1

CCRL1 buffer
register

INTTPNCCO

INTTPnCC1

Note The value is not reloaded because the TPNCCRL1 register is not written.

Remarks 1. Do1, Doz, Dos: Set value of TPNCCRO register (0000H to FFFFH)

D11, D12: Set value of TPNCCR1 register (0000H to FFFFH)
2. This is an example in the PWM mode.
3. n=0to3
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7.5.2 Interval timer mode (TPNMD2 to TPnMDO = 000)

In the interval timer mode, an interrupt request signal (INTTPnCCO) is generated when the set value of the
TPNnCCRO register matches the value of the 16-bit counter, and the 16-bit counter is cleared. Rewriting the TPNCCRO
register is enabled when TPnCE = 1. When a value is set to the TPNCCRm register, it is transferred to the CCRm
buffer register by means of anytime write, and is compared with the value of the 16 bit counter.

The 16-bit counter is not cleared by using the TPnCCR1 register.

However, the set value of the TPNCCR1 register is transferred to the CCR1 buffer register and compared with the
value of the 16-bit counter. As a result, an interrupt request (INTTPnCC1) is generated.

The value can also be output from the TOPnm pin by setting the TPnOEm bit to 1.

When the TPNnCCRL1 register is not used, it is recommended to set the TPNCCRL1 register to FFFFH.

Remarks 1. Refer to 7.5.1 Anytime write and reload about write operation of TPnCCRO, TPnCCR1 during timer
operation (TPnCE = 1).
2. n=0to3,m=0,1

Figure 7-6. Flowchart of Basic Operation in Interval Timer Mode

START

Initial setting

* Select clock (TPNCTLO: TPNCKS2 to
TPNCKS0).

* Set interval timer mode (TPnCTL1:
TPnMD2 to TPnMDO = 000).

* Set compare register (TPNCCRO,
TPNCCR1).

Enable timer operation (TPnCE = 1)

- Transfer values of TPNCCRO0 and

TPnCCRL1 to CCRO buffer register
and CCRL1 buffer register

16-bit counter matches INTTPNCC1 occurs

CCR1 buffer registerNote,

16-bit counter and CCRO
buffer register match.
Clear and start 16-bit counter.

INTTPNCCO occurs

Note The 16-bit counter is not cleared when its value matches the value of TPNnCCR1.

Remark n=0to 3
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Figure 7-7. Timing of Basic Operation in Interval Timer Mode (1/2)

(&) When D1 > D2 > D3, only TPnCCRO register value is written, and TOPn0 and TOPn1 are not output
(TPnOEO =0, TPNOE1 =0, TPnOLO =0,TPnOL1 = 1)

TPNnCE=1

FFFFH

16-bit Ds Ds Ds /

counterhote

TPnCCRO D1 X D2

Y Y
CCRO buffer 55,4 D1 D2
register
TPNCCR1 D3
CCR1 buffer '
register 0000H Ds

i i i
i i i

TOPNO

TOPN1

to1 to1 to2

Note The 16-bit counter is not cleared when its value matches the value of TPNnCCR1.

Remarks 1. Dz, D2: Set value of TPNnCCRO register (O000H to FFFFH)
Ds: Set value of TPNCCR1 register (0000H to FFFFH)
2. Interval time (ton) = (Dn + 1) x (Count clock cycle)
3. n=0to3
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Figure 7-7. Timing of Basic Operation in Interval Timer Mode (2/2)

(b) When D1 = D2, TPNCCRO and TPnCCR1 are not rewritten, and TOPn0 and TOPn1 are output
(TPNOEO =1, TPNnOE1 =1, TPnOLO =0, TPnOL1 =1)

TPNCE =1

FFFFH
D1=D2 —— Di=D2 —— Di=D2 ——

16-bit
counter

TPNCCRO D1

CCRO buffer '
D
register 0000H !

TPNCCR1 D2

Y
CCR1 bl_Jffer 0000H D2
register

INTTPnCCO |
INTTPnCC1 |

TOPNO

TOPN1

to1 = tp2 to1 = to2 to1 = tp2

Remarks 1. Di: Set value of TPNnCCRO register (0000H to FFFFH)
D2: Set value of TPNCCR1 register (0000H to FFFFH)
2. Interval time (ton) = (Dn + 1) x (Count clock cycle)
3. n=0to3
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7.5.3 External event count mode (TPnMD2 to TPnMDO = 001)

In the external event count mode, the external event count input (TIPnO pin input) is used as a count-up signal.
Regardless of the setting of the TPnEEE bit of the TPnCTLO register, 16-bit timer/event counter P counts up the
external event count input (TIPnO pin input) when it is set in the external event count mode.

In the external event count mode, an interrupt request (INTTPnCCO) is generated when the set value of the
TPNnCCRO register matches the value of the 16-bit counter, and the value of the 16-bit counter is cleared.

When a value is set to the TPNCCRm register, it is transferred to the CCRO buffer register, and is compared with
the value of the 16-bit counter.

The 16-bit counter cannot be cleared by using the TPnCCR1 register.

However, the set value of the TPnCCRL1 register is transferred to the CCR1 buffer register and is compared with the
value of the 16-bit counter. As a result, an interrupt request (INTTPnCC1) is generated.

By setting the TPNOEL bit to 1, a signal can be output from the TOPn1 pin.

Rewriting the TPNCCRO register is enabled when TPnCE = 1. When the TPnCCR1 register is not used, it is
recommended to set TPNCCR1 to FFFFH.

Remarks 1. Refer to 7.5.1 Anytime write and reload about write operation of TPNnCCRO, TPnCCR1 during timer
operation (TPnCE = 1).
2. n=0to3

Caution 1. TOPNO pin output in an external event count mode cannot be used. Set to TPnEEE = 1by interval
timer mode (TPnMD2 to 0 = 000b) when TOPNO pin output in an external event count mode is
used.

2. In external event count mode, when TPNnCCRm register value is set to 0000H the interrupt
occurs after the overflow of the timer (FFFFH to 0000H)
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Figure 7-8. Flowchart of Basic Operation in External Event Count Mode

START

Initial setting

« Set external event count mode (TPnCTL1:

TPnMD2 to TPnMDO = 001)Note 1,

e Set valid edge (TPnIOC2: TPnEES1,
TPNEESO).

* Set compare register (TPNnCCRO,
TPNCCR1).

Enable timer operation (TPnCE = 1)
- Transfer values of TPNCCRO and
TPnCCR1 to CCRO buffer register
and CCR1 buffer register

16-bit counter matches
CCR1 buffer registerNote 2,

16-bit counter matches
CCRO buffer register.
Clear and start 16-bit counter.

Notes 1. Selecting the TPnEEE bit has no effect.
2. The 16-bit counter is not cleared when it matches the CCR1 buffer register.

Remark n=0to 3

— INTTPnCC1 occurs

INTTPNCCO occurs
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Figure 7-9. Timing of Basic Operation in External Event Count Mode (1/2)

(&) When D1 > D2 > D3, only TPNnCCRO register value is rewritten, and TOPn1 is not output
(TPnOEO =0, TPNOE1 =0, TPnOLO =0, TPNnOL1 =1)

TPnCE=1
FFFFH D1, o
Dz,
16-bit Ds Ds Ds /
counter

TPNnCCRO D1 X D2

Y Y
CCRO buffer 44004 Di D2
reglster
TPNCCR1 Ds
CCRL buffer '
register 0000H Ds

i i i
i i i

Remarks 1. D1, D2: Set value of TPNnCCRO register (0000H to FFFFH)
Ds: Set value of TPNCCR1 register (0000H to FFFFH)
2. Whenever times of (Set value of TPNCCRm register +1) are detected, the compare match interrupt is
generated (m =0, 1)
3. n=0to3
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Figure 7-9. Timing of Basic Operation in External Event Count Mode (2/2)

(b) When D: =Dz, TPNnCCRO and TPNnCCR1 are not rewritten, and TOPn1 is output
(TPNOEO =0, TPNOE1 =1, TPnOLO =0, TPnOL1 =1)

TPnCE=1

FFFFH
Di=D2 - Di=D2 S Di=D2 —

16-bit
counter

TPnCCRO D1

R

CCRO buffer

D
register 0000H !

TPnCCR1 D2

]
CCR1 bl_Jffer 0000H Da
register

INTTPNCCO

INTTPnCC1

TOPN1

Remarks 1. Dau: Set value of TPNCCRO register (0000H to FFFFH)
D2: Set value of TPNCCR1 register (O000H to FFFFH)
2. Whenever times of (Set value of TPNCCRm register +1) are detected, the compare match interrupt is
generated (m =0, 1)
3. n=0to3
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7.5.4 External trigger pulse output mode (TPnMD2 to TPnMDO = 010)

When TPnCE = 1 in the external trigger pulse output mode, the 16-bit counter keeps at FFFFH and waits for input
of an external trigger (input of TIPnO pin or set of TPNEST bit). When the counter detects the trigger pulse input, it
starts counting up.

The duty factor of the signal output from the TOPn1 pin is set by a reload register (TPnCCR1) and the period is set
by a compare register (TPNCCRO).

In case of the software trigger mode, pulse of half cycle setting by TPnCCRO register is outputted from TOPnO
terminal pin.

Rewriting the TPNCCRO and TPNCCR1 registers is possible when TPnCE = 1.

To stop timer P, clear TPnCE to o. If the edge of the external trigger (input of TIPnO pin or set TPnEST bit) is
detected more than once in the external trigger pulse output mode, the 16-bit counter is cleared at the point of edge
detection, and resumes counting up. Then, TOPnO, TOPN1 terminal pin is initialized at the same time.

Caution 1. In the external trigger pulse output mode, select the internal clock (TPnEEE of TPnCTL1 register
=0) as the count clock.
2. In the external trigger pulse output mode, TPnCCRO and TPnCCR1 registers are fixed as
compare register. Therefore, capture function can not to use.

Remarks 1. For the reload operation when TPnCCRO and TPnCCR1 are rewritten during timer operation, refer to
7.5.1 (2) Reload.
2.n=0to3
m=0,1
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Figure 7-10. Flowchart of Basic Operation in External Trigger Pulse Output Mode

START

Initial setting

» Select clock. (TPnCTL1: TPnEEE = 0)
(TPnCTLO: TPNnCKS2 to TPNCKSO0)

* Set external trigger pulse output
mode. (TPNCTL1: TPNMD2 to External trigger
TPNMDO = 010)

e Set compare register. (TPnCCRO,
TPNCCR1)

(TIPNO pin) input

Clear and start
16-bit counter.

Enable timer operation (TPnCE = 1)

- Transfer values of TPNnCCRO and

TPnCCR1 to CCRO buffer register
and CCR1 buffer register

External trigger (TIPnO pin) input
or TPNEST = 1 Notel
- 16-bit counter starts counting

I
|
16-bit counter matches
TPnCCR1Note 2,

— INTTPnCC1 occurs

16-bit counter matches TPNnCCRO.
Clear and start 16-bit counter.

— INTTPnCCO occurs

Notes: 1. TPnEST bit of TPNCTLL1 register can be written during timer operation (TPnCE = 1)
2. The 16-bit counter is not cleared when it matches the CCR1 buffer register.

Remark n=0to 3
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Figure 7-11. Timing of Basic Operation in External Trigger Pulse Output Mode

(TPnOEO =0, TPNOE1 =1, TPnOLO =0, TPNnOL1 =1)

TPNCE =1

FFFFH
Do1 A— Doz

16-bit 5 / B
counterote / 12 _|
D11 D11

External trigger _l _l _l _l
(TIPNO pin)

TPNCCRO \ Do1 \ Doz

register

| 1 | |
CCRO buffer OOOOHX ' Dot X r Doz
| |

CCR1 buffer
register

TPNCCR1 \ D11 X
1
Y

7
9
N

0000H

TOPN1

Note The 16-bit counter is not cleared when it matches the CCR1 buffer register.

Remarks 1. Doz, Do2: Set value of TPNnCCRO register (0000H to FFFFH)
D11, D12: Set value of TPNnCCRL1 register (0000H to FFFFH)
2. Duty of TOPN1 output = (Set value of TPNCCR1 register) / (Set value of TPOCCRO register +1)
Cycle TOPn1 output = (Set value of TPNCCRO +1) x (Count clock cycle)
3. n=0to3
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7.5.5 One-shot pulse mode (TPnMD2 to TPnMDO = 011)

When TPnCE is set to 1 in the one-shot pulse mode, the 16-bit counter waits for the setting of the TPnEST bit (to 1)
or a trigger that is input when the edge of the TIPnO pin is detected, while holding FFFFH. When the trigger is input,
the 16-bit counter starts counting up. When the value of the 16-bit counter matches the value of the CCR1 buffer
register that has been transferred from the TPNCCR1 register, TOPn1 goes high. When the value of the 16-bit counter
matches the value of the CCRO buffer register that has been transferred from the TPNCCRO register, TOPn1 goes low,
and the 16-bit counter is cleared to 0000H and stops. Input of a second or subsequent trigger is ignored while the 16-
bit counter is operating. Be sure to input a second trigger while the 16-bit counter is stopped at 0000H. The waveform
of the one-shot pulse is output from the TOPn1 pin. The TOPNO pin produces an active level output during counting by
timer counter. Active level is set by TPnCLO register.

Cautions: 1. Select the internal clock (TPnEEE of the TPnCTL1 register = 0) as the count clock in the one-
shot pulse mode.
2. In the one-shot pulse mode, TPNnCCRO and TPnCCR1 registers are fixed as compare register.
Therefore, capture function can not to use.
3. In the one-shot pulse mode, when setting value of TPNCCRL1 register is bigger than setting
value of TPnCCRO register, on-shot pulse is not outputted.

Remarks 1. Inthe one-shot pulse mode, TPNCCRO and TPNnCCR1 are rewritten during timer operation
(TPnCE=1). During timer operation (TPnCE=1), for anytime write operation when rewriting of
TPnCCRO and TPnCCR1, refer to 7.5.1 (1) Anytime write.
2. n=0to3
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Figure 7-12. Flowchart of Basic Operation in One-Shot Pulse Mode

START

Initial setting

* Select clock. (TPNCTL1: TPnEEE = 0)
(TPNCTLO: TPNCKS2 to TPNCKSO0)

* Set one-shot pulse mode. (TPnCTL1:
TPnMD2 to TPnMDO = 011)

* Set compare register. (TPnCCRO,
TPNCCR1)

Enable timer operation (TPnCE = 1)
- Transfer values of TPNCCRO and
TPnCCR1 to CCRO buffer
register and CCR1 buffer register

Wait for trigger.
16-bit counter stands by at FFFFH.

Input external trigger (TIPnO pin)
or TPNEST = 1 Notel
- 16-bit counter starts counting

Wait for trigger. 16-bit counter matches
16-bit counter stands by at 0000H. CCR1 buffer register Not€ 2,

16-bit counter matches
CCRO buffer register.
Clear 16-bit counter.

Notes: 1. Only TPnEST bit of TPNnCTL1 register can be written during timer operation (TPNnCE = 1).
2. The 16-bit counter is not cleared when it matches the CCR1 buffer register.

INTTPNCC1 occurs

INTTPNCCO occurs

Caution The 16-bit counter is not cleared even if the trigger is input while the counter is counting up, and
the trigger input is ignored.

Remark n=0to 3
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Figure 7-13. Timing of Basic Operation in One-Shot Pulse Mode

(TPNOEO =0, TPNOE1 =1, TPNnOLO =0, TPNnOL1 =0)

TPNCE=1 TPnEST=1

FFFFH

Note A
- Dlz/////// Dlz/////// Dl‘///////
counter

External trigger 3 |_| _l _l
(TIPNO pin) !

TPnCCRO \ Do

" [ TT [ T T T ]
RO ogn) >
TPNnCCR1 \ D1

1 T TT T T T T
ceLmter o >

INTTPNCCO —l —| —|
INTTPnCC1 —l —l —l

TOPNO

TOPN1

Note The 16-bit counter starts counting up either when TPnEST = 1 or when TIPnO is input.

Remarks 1. Do: Set value of TPNCCRO register (0000H to FFFFH)
D1: Set value of TPnCCR1 register (0000H to FFFFH)
2. n=0to3
3. 3.The active level term of TOPn1 pin output is: (Set value of TPNCCRO - Set value of TPNnCCR1 +1) x
Count clock cycle
Time of output delay = (Set value of TPnCCR1register) X Count clock cycle
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7.5.6 PWM mode (TPnMD2 to TPnMDO = 100)

In the PWM mode, TMPn capture/compare register 1 (TPnCCR1) is used to set the duty factor and TMPn
capture/compare register 0 (TPNCCRO) is used to set the cycle.

By using these two registers and operating the timer, variable-duty PWM is output.

To stop timer P, clear TPNCE to 0. The waveform of PWM is output from the TOPn1 pin. The TOPNO pin produces a
pulse of half the PWM cycle.

The TPNnCCRO and TPnCCR1 registers cannot be used as capture registers.

Remark n=0to 3

For the reload operation when TPNnCCRO and TPnCCR1 are rewritten during timer operation (TPnCE1=1), refer to
7.5.1 (2) Reload.

Caution In the PWM mode, TPNnCCRO and TPnCCRL1 registers are fixed as compare register. Therefore, capture
function can not to use.
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(1) Operation flowchart of PWM mode

Figure 7-14. Flowchart of Basic Operation in PWM Mode (1/2)

(&) When values of TPNCCRO and TPnCCR1 registers are not rewritten during timer operation

START

Initial setting

* Select clock.

(TPNnCTLO: TPnCKS2 to TPNnCKSO0)
e Set PWM mode.

(TPNnCTL1: TPnMD2 to TPNnMDO = 100)
* Set compare register.

(TPNCCRO, TPNCCR1)

Enable timer operation (TPnCE = 1)
- Transfer value of TPNCCRm
register to CCRm buffer register

16-bit counter matches INTTPnCC1 occurs

CCR1 buffer register.
TOPN1 outputs low level.

16-bit counter matches — INTTPnCCO occurs
CCRO buffer register.
Clear and start 16-bit counter.
TOPN1 outputs high level.

Remark n=0to 3
m=0,1
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(2) Operation flowchart of PWM mode
(a) Change of pulse width during operation
When change of PWM waveform during operation, please write to TPnCCRL1 register at last. After write to
TPNnCCR1 register, when write to TPNnCCRO register again, please rewrite after detection of INTTPnCC1
signal.

Figure 7-14. Flowchart of Basic Operation in PWM Mode (2/2)

(b) When values of TPnCCRO and TPnCCRL1 registers are rewritten during timer operation

START

Initial setting

« Select clock.

(TPNCTLO: TPNCKS2 to TPnCKS0)
e Set PWM mode.

(TPNCTL1: TPNMD2 to TPnMDO = 100)
e Set compare register.

(TPNCCRO, TPNCCR1)

Enable timer operation (TPnCE = 1)
- Transfer value of TPNnCCRm
register to CCRm buffer register

16-bit counter matches TPnCCR1.
TOPN1 outputs low level.

— INTTPnCC1 occurs

16-bit counter matches TPnCCRO.
Clear and start 16-bit counter.
TOPN1 outputs high level.

Rewrite TPNnCCRO. <1>

16-bit counter matches
CCR1 buffer register. <2> N Ht INTTPNCC1 occurs
TOPN1 outputs low level. ote

— INTTPnCCO occurs

Rewrite TPNCCRL. <3> Reload is enabled

« CCRO buffer register matches 16-bit INTTPNCCO occurs
counter.

» Clear and start 16-bit counter.

e Value of TPNCCRm is reloaded to

CCRm buffer register.

Note The timing of <2> may differ depending on the rewrite timing of <1> and <3> and the value of TPnCCR1, but
make sure that <3> comes after <1>.
Remark n=0to 3
m=0,1
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Figure 7-15. Timing of Basic Operation in PWM Mode (1/2)

(@) When rewriting value of TPnCCR1
(TPnOEO =1, TPnOE1 =1, TPnOLO =0, TPnOL1 =0)

TPNnCE=1

FFFFH

Doo_ Doo Doo Doo

D11 /
16-bit D1o Dio

counter D12

TPNnCCRO X Doo

CCRO buffer  0000H ' Doo
. | | | L[] |

TPNCCR1 X Di1o D11 X Di2 X Dis
\

CCR1 buffer 0000H D1o X' D11 ' D12 D13
register

TOPN1

TOPNO

Remarks 1. Doo: Set value of TPNCCRO register (0000H to FFFFH)
Dio, D11, D12, D1s: Set value of TPNCCR1 register (0000H to FFFFH)
2. Duty of TOPn1 output = (set value of TPNnCCR1 register +1)/(Set value of TPOCCRO register)
Cycle of TOPNn1 output = (Set value of TPNnCCRO register +1)x(Count clock cycle)
Toggle width of TOPNO output = (Set value of TPNnCCRO register + 1) x (Count clock period)
3. n=0to3
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Figure 7-15. Timing of Basic Operation in PWM Mode (2/2)

(b) When rewriting values of TPnCCRO and TPnCCR1
(TPNOEO =1, TPNOE1 =1, TPnOLO =0, TPNnOL1 =0)

TPnCE=1
FFFFH Doo
Do1 Dot
Doz
16-bit D11 Du1 /
counter Dio D12

TPnCCRO Doo X Dox X Doz \X Dos

[ 1 1 [ | Not'l‘ | [ | |
Y Y = ’
CCRO buffer  goooH Doo Do1 Doz Dos
register f
i Same value write
TPnCCR1 D1o X D11 X D12 D12
I
[ P! o [ | i m—
CCR1 buffer  0000H Dio D11 D12 12
register
TOPN1
TOPNO

Note No value is reloaded because the TPnCCR1 register is not rewritten.

Remarks 1. Doo, Do1, Doz, Dos: Set value of TPNCCRO register (0000H to FFFFH)
D10, D11, D12, Dis: Set value of TPNCCR1 register (0000H to FFFFH)
2. Duty of TOPN1 output = (set value of TPNCCRL1 register +1)/(Set value of TPOCCRO register)
Cycle of TOPN1 output = (Set value of TPnCCRO register +1)x(Count clock cycle)
Toggle width of TOPNO output = (Set value of TPNnCCRO register + 1) x (Count clock cycle)
3. n=0to3
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TPnCCR1 register to 0000H. If the set value of the TPNCCRO register is
FFFFH, the INTTPnCC1 signal is generated periodically.

Count clock |||||||||||||||||||
16-bit counter  FFFF .OOOO ::XDoo—lx Doo OOOOXOOOlX ::XDoo—lx Doo OOOOX

TPnCE bit
{( {
)] )]
TPNCCRO register Doo Doo Doo
) !
)] )]
TPNnCCR1 register 0000H 0000H 0000H

INTTPNnCCO signal

INTTPnCCL1 signal

TOPN1 pin output

Remark n=0to8

To output a 100% waveform, set a value of (set value of TPNCCRO register + 1) to the TPnCCRL1 register.
If the set value of the TPnCCRO register is FFFFH, 100% output cannot be produced.

Count clock |||||||||||||||||||
16-bit counter FFFF .0000 JDoo—lX Doo OOOOXOOOIx JDoo—lX Doo 0000*

TPnCE bit
{ {(
)] )]
TPnCCRO register Doo Doo Doo
! )
)] )]
TPnCCRL1 register Doo + 1 Doo + 1 Doo + 1

INTTPNnCCO signal |

INTTPnCCL1 signal

TOPN1 pin output

Remark n=0to8
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7.5.7 Free-running mode (TPnMD2 to TPnMDO = 101)

In the free-running mode, the 16-bit counter free-runs, and the bit that selects the capture or compare register
function can be select by the setting of the TPNnCCS1 and TPnCCSO bits.

Setting of the TPNCCS1 and TPnCCSO bits of the TPNOPTO register is valid only in the free-running mode.

TPnCCS1 Operation
0 TPnCCRL1 register is used as compare register.
1 TPnCCRL1 register is used as capture register.
TPnCCSO Operation
0 TPnCCRO register is used as compare register.
1 TPnCCRO register is used as capture register.

e When TPNnCCRL1 register is used as compare register

When the value of the 16-bit counter matches the value of the CCRO buffer register in the free-running mode,
an interrupt is generated.

TPNnCCR1 register is enabled for write operation when TPnCE=1. Any data is set to TPnCCR1 register by
anytime write, data is translated to CCR1 buffer register, and data become comparison value with value of the
16 bit counter.

If timer output (TOPNO) is enabled, TOPNO produces a toggle output when the value of the 16-bit counter
matches the value of the CCRO buffer register.

¢ When TPNnCCRL1 register is used as capture register
The value of the 16-bit counter is stored in the TPNCCRL1 register when the edge of the TIPn1 pin is detected.

¢ When TPNCCRO register is used as compare register

When the value of the 16-bit counter matches the value of the CCR1 buffer register in the free-running mode,
an interrupt is generated.

TPNCCRO register is enabled for write operation when TPnCE=1. Any data is set to TPnCCRO register by
anytime write, data is translated to CCR1 buffer register, and data become comparison value with value of the
16 bit counter.

If timer output (TOPNO) is enabled, TOPNO produces a toggle output when the value of the 16-bit counter
matches the value of the CCRO buffer register.

¢ When TPNnCCRO register is used as capture register
The value of the 16-bit counter is stored in the TPNCCRO register when the edge of the TIPnO pin is detected.

Caution: External event count input as count clock (TPNCTRL.TPnEEE=1), TPnCCRO register can not
to use as capture register.

Remark: Using TPnCCRO and TPnCCR1 register as a compare register, the written operation at timer
operation (TPNCE = 1) refer to 7. 5. 1 (1) Anytime write.

Caution: At free running mode, count clear operation is not used by compare register matches.
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Figure 7-16. Flowchart of Basic Operation in Free-Running Mode

START

Initial setting
« Select clock.
(TPNCTLO: TPNCKS2 to TPNCKSO0)
« Set free-running mode.
(TPNCTL1: TPnMD2 to TPnMDO = 101)

Set TPnCCS1 and TPNCCSO.

TPNCCS1=0 TPnCCS1=0 TPNnCCS1=1 TPNCCS1=1
TPNCCS0 =0 TPNCCS0 =1 TPNCCS0 =0 TPNCCSO0 =1
Enable timer operation Set detection of edge of Set detection of edge of Set detection of edge of
(TPnCE =1) TIPnO (TPnIS1, TPNISO). TIPn1 (TPnIS3, TPNIS2). TIPn1 and TIPnO
- Transfer values of [ (TPNIS3 to TPNISO).
TPNCCRO and TPNCCR1 Enable timer operation [
to CCRO buffer register (TPNCE = 1) Enable timer operation Enable timer operation
and CCRL1 buffer register _, Transfer values of (TPnCE =1) (TPNCE = 1)
TPnCCR1to CCR1 - Transfer values of
buffer register TPNCCRO to CCRO
buffer register Edge of TIPn1 is detected.
C'CRl buffer Value of 16-hit counter is
"6196'_5;?;23:12255 CCR1 buffer — : captured to TPnCCR1.
register matches ge ofTIPnll is detectgd.
| 16-bit counter. Value of 16-bit counter is Edge of TIPnO is detected.
CCRO buffer captured to TPNCCR1. Value of 16-bit counter is
register matches | captured to TPnCCRO.
16-bit counter. Edge of TIPn0 is detected. CCRO buffer |
| Value of 16-bit counter is register matches 16-bit counter
captured to TPnCCRO. 16-bit counter.
16-bit counter | | overflows.
overflows. - - g
16-bit counter 16-bit counter
overflows. overflows.
] ]

Remark n=0to 3
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(1) When TPnCCS1 =0 and TPnCCSO0 = 0 (compare function)
When TPnCE is set to 1, the 16-bit counter counts from 0000H to FFFFH, and continues counting up in the
free-running mode until TPNCE is cleared to 0. If a value is written to the TPNnCCRO and TPnCCRL1 registers in
this mode, it is transferred to the CCRO and CCR1 buffer registers (anytime write). Even if a one-shot pulse
trigger is input in this mode, a one-shot pulse is not generated. If TPNOEm is set to 1, TOPnm produces a

toggle output when the value of the 16-bit counter matches the value of the CCRm buffer register.

Remark n=0to 3

m

=0,1

Figure 7-17. Timing of Basic Operation in Free-Running Mode (TPnCCS1 = 0, TPnCCSO0 = 0)

FFFFH

16-bit
counter

TPNCCRO

CCRO buffer
register

INTTPNCCO
match interrupt

TPnCCR1

CCR1 buffer
register

INTTPNnCC1
match interrupt

TOPNO
TOPN1
INTTPnOV

TPnOVF

(TPNOEO =1, TPNOE1 =1, TPNOLO =0, TPnOL1 = 0)

TPNCE=1
Do1 /
D11 Du1 /
Dy Doo Z
y

\ Doo X\ Do1
| 1 | | | | | 1 | | |

0000H ' Doo X r Do1

\ Dio D11
| ; | | | | | 1 | | |

0000H

| |

Clear by writing 0 to TPnOVF Clear by writing 0 to TPnOVF

Remarks 1. Doo, Do1: Set value of TPnCCRO register (0000H to FFFFH)
D10, D11: Set value of TPnCCRL1 register (0000H to FFFFH)
2. Toggle width of TOPNO output = (Set value of TPNnCCRO register) x (Count clock cycle)
Toggle width of TOPn1 output = (Set value of TPNCCR1 register)
3. TOPnm output goes high when counting is started.
4. n=0to 3
m=0,1
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(2) When TPnCCS1 =1 and TPnCCSO = 1 (capture function)
When TPnCE is set to 1, the 16-bit counter counts from 0000H to FFFFH, and continues counting up in the
free-running mode until TPNCE is cleared to 0. The value captured by the capture trigger is written to the
TPNCCRO and TPnCCRL1 registers.
Capturing close to an overflow (FFFFH) is judged using the overflow flag (TPnOVF).

However, if the interval of the capture trigger is such that the overflow occurs twice (two or more cycles of free-

running); the TPnOVF flag cannot be used for judgment.

Figure 7-18. Timing of Basic Operation in Free-Running Mode (TPnCCS1 =1, TPnCCSO0 = 1)

FFFFH

16-bit
counter

TIPnO

TPNCCRO

TIPn1

TPnCCR1

INTTPNCCO
match interrupt

INTTPNCC1
match interrupt

INTTPNOV

TOPNO

TOPN1

(TPnOEO =1, TPnOE1 =1, TPnOLO =0, TPnOL1 = 0)

TPnCE =1
Dio Doz
D12
Doo Doy Du
Do3
/ / 7
] L[]
' l ' ' 1l |
0000H Doo Dox Doz Dos
T
' '
0000H D1o Du D12
| L]

L

Remarks 1. Doo, Do1, Doz, Do3: Value captured to TPNCCRO register (0000H to FFFFH)
D10, D11, D12: Value captured to TPnCCR1 register (0000H to FFFFH)
2. TIPnO: Rising edge is detected (TPnIS1, TPnISO = 01).
TIPn1: Falling edge is detected (TPnIS3, TPnIS2 = 10).
3. n=0to3
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(3) WhenTPNnCCS1=0and TPnCCS0 =1
When TPnCE is set to 1, the 16-bit counter counts from 0000H to FFFFH, and continues counting up in the
free-running mode until TPnCE is cleared to 0. The TPnCCR1 register is used as a compare register. As an
interval function, an interrupt signal is output when the value of the 16-bit counter matches the set value of the
TPNCCR1 register. If TPnOEL is set to 1, TOPnl produces a toggle output when the value of the 16-bit
counter matches the set value of the TPnCCRL1 register.

Figure 7-19. Timing of Basic Operation in Free-Running Mode (TPnCCS1 =0, TPnCCSO0 = 1)

(TPNOEO =1, TPNOE1 =1, TPNOLO =0, TPnOL1 = 0)

TPnCE=1

FFFFH
Do2

=
16-bit Dig

counter Do1 D12
Du e D11 /
TIPNO |_

TPnCCRO 0000H Doo Do1 Do2 Dos
INTTPNCCO _l _l ] _l
match interrupt

TPnCCR1 \‘ Do X \ D11 X \ D12
Y

>

CCR1 buffer '
register 0000H

INTTPNCC1 _l —l —l _l
match interrupt
INTTPNOV —l —l

TOPNO |

TOPN1

Remarks 1. Doo, Do1, Doz, Do3: Value captured to TPnCCRO register (0000H to FFFFH)
D10, D11, D12: Value captured to TPNCCR1 register (0000H to FFFFH)
2. TIPnO: Falling edge is detected (TPnIS1, TPnISO = 10).
3. n=0to3

(4) Overflow flag
When the counter overflows from FFFFH to 0000H in the free-running mode, the overflow flag (TPNOVF) is set
to 1, and an overflow interrupt (INTTPnOV) is generated.
After generation of the overflow interrupt (INTTPnOV), be sure to check if the overflow flag (TPnOVF) is set to
1.
The overflow flag is cleared by the CPU by writing 0 to it.
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7.5.8 Pulse width measurement mode (TPnMD2 to TPnMDO = 110)

In the pulse width measurement mode, free-running counting is performed. The value of the 16-bit counter is
captured to capture register 0 (TPNCCRO) when both the rising and falling edges of the TIPnO pin are detected, and
the 16-bit counter is cleared to 0000H. In this way, the external input pulse width can be measured.

To measure a long pulse width that exceeds the overflow of the 16-bit counter, use the overflow flag for detection.
For measurement a pulse width that causes overflow to occur twice or more, please count number with overflow
interrupt, etc. When the edge of the TIPn1 pin is detected, the value of the 16-bit counter is stored in capture register
1 (TPNCCR1), and the 16-bit counter is cleared.

Caution In the pulse width measurement mode, select the internal clock (TPnEEE of the TPnCTL1 register =
0) as the count clock.

Figure 7-20. Flowchart of Basic Operation in Pulse Width Measurement Mode

START

Initial setting

- Select clock.
(TPNCTLO: TPNCKS2 to TPNCKSO0)
- Set pulse width measurement mode.
(TPnCTL1: TPnMD2 to TPnMDO = 110)
- Set compare register.
(TPNCCRO, TPNCCR1)

Set edge detection of TIPn1/TIPnoNote,
(TPnIS3 to TPNISO)

Enable timer operation (TPnCE = 1).

Input rising edge of pulse to TIPnm.
Capture value to TPNCCRm.
Clear and start 16-bit counter.

Input falling edge of pulse to TIPnm.
Capture value to TPNnCCRm.
Clear and start 16-bit counter.

Note An external pulse can be input from either TIPnO or TIPn1. Only one of them can be used. Specify that both

the rising and falling edges are detected. Specify that the input edge of an external pulse input that is not
used is not detected.

Remark n=0to 3
m=0,1
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Figure 7-21. Timing of Basic Operation in Pulse Width Measurement Mode

(TPNOEO =0, TPNOE1 =0, TPNnOLO =0, TPNnOL1 =0)

TPnCE=1
FFFFH FFFFH
Do |
; Doz Doz |
16-hit Doo | A
counter /
TIPnO
TPNCCRO 0000H Doo Doz ' Doz Doz
INTTPnCCO
Cleared
‘ rby writing O
TPNOVF | from CPU
INTTPNOV
Remarks 1. Doo, Do1, Doz, Dos: Value captured to TPnCCRO register (0000H to FFFFH)
2. TIPnO: Both the rising and falling edges are detected (TPnIS1, TPnISO = 11).
3. n=0to 34.
4. 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 (INTTPnQV) is generated at the next count clock, and the counter is
cleared to 0000H and continues counting. At this time, the overflow flag (TPNnOPTO.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
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7.6 Timer Synchronized Operation Function

Timer P and timer Q have a timer synchronized operation function (tuned operation mode).

The timers that can be synchronized are listed in Table 7-3.

Cautions 1.

Table 7-3. Tuned Operation Mode of Timers

Master Timer Slave Timer
TMPO TMP1 -
TMP2 TMP3 TMQO
TMQ1 TMQ2 -

The tuned operation mode is enabled or disabled by the TPmSYE bit of the TPmCTL1 register
and TQnSYE bit of the TQnNCTL1 register. For TMP2, either or both TMP3 and TMQO can be
specified as slaves.

Set the tuned operation mode using the following procedure.

<1>

<2>

<3>
<4>

<5>

Set the TPmMSYE bit of the TPMCTL1 register and the TQnSYE bit of the TQnCTL1
register of the slave timer to enable the tuned operation.

Set the TPmMD2 to TPmMDO bits of the TPmCTL1 register and TQnMD2 to TQnMDO bits
of the TQnCTL1 register of the slave timer to the free-running mode.

Set the timer mode by using the TPnMD2 to TPnMDO bits of the TPnCTL1 register and
the TPNMD2 to TPnMDO bits of the TQnCTL1 register.

At this time, do not set the TPnSYE bit of the TPnCTL1 register and the TQnSYE bit of
the TQONCTL1 register of the master timer.

Set the compare register value of the master and slave timers.

Set the TPMCE bit of the TPmCTLO register and the TQnCE bit of the TQnCTLO register of
the slave timer to enable operation on the internal operating clock.

Set the TPnCE bit of the TPNCTLO register and the TQnCE bit of the TQnCTLO register of
the master timer to enable operation on the internal operating clock.

Remark n=1,3, m=0,2
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Tables 7-4 and 7-5 show the timer modes that can be used in the tuned operation mode (\: Settable, x: Not
settable).

Table 7-4. Timer Modes Usable in Tuned Operation Mode

Master Timer Free-Running Mode PWM Mode Triangular Wave PWM Mode
TMPO V V x
TMP2 V V x
TMQ1 J v v

Table 7-5. Timer Output Functions

Tuned Timer Pin Free-Running Mode PWM Mode Triangular Wave PWM Mode
Channel Tuning OFF | Tuning ON | Tuning OFF | Tuning ON | Tuning OFF | Tuning ON
Cho TMPO TOPOO PPG “— Toggle “— N/A “—
(master) TOPO1 PPG <« PWM <« N/A <«
TMP1 TOP10 PPG <« Toggle PWM N/A <«
(slave) TOP11 PPG <« PWM <« N/A <«
Chi TMP2 TOP20 PPG <« Toggle PWM N/A <«
(master) TOP21 PPG «— PWM «— N/A «—
TMP3 TOP30 PPG <« Toggle PWM N/A <«
(slave) TOP31 PPG <« PWM <« N/A <«
Chi TMQO TOQO00 PPG “— Toggle PWM Toggle N/A
(slave) TOQO1 to TOQ03 PPG « PWM « Triangular N/A
wave PWM
Ch2 TMQ1 TOQ10 PPG <« Toggle <« Toggle <«
(master) TOQ11 to TOQ13 PPG «— PWM «— Triangular «—
wave PWM
TMQ2 TOQ20 PPG <« Toggle <« Toggle Triangular
(slave) wave PWM
TOQ21 to TOQ23 PPG <« PWM <« Triangular <«
wave PWM

Remark The timing of transmitting data from the compare register of the master timer to the compare register of
the slave timer is as follows.
PPG: CPU write timing
Toggle, PWM, triangular wave PWM: Timing at which timer counter and compare register match TOPn0O
and TOQmO (n=0to 3, m=0to 2)
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Figure 7-22. Tuned Operation Image (TMP2, TMP3, TMQO)

Unit operation

Tuned operation

TMP2

| 16-bit timer/counter

| 16-bit capture/compare

| 16-bit capture/compare

T

= TOP21 (PWM output)

TMP3

| 16-bit timer/counter

| 16-bit capture/compare

| 16-bit capture/compare

T

= TOP31 (PWM output)

TMQO

16-bit timer/counter

16-bit capture/compare

16-bit capture/compare

| 16-bit capture/compare

16-bit capture/compare

—r T /T — =

= TOQO1 (PWM output)
= TOQO02 (PWM output)

= TOQO3 (PWM output)

Five PWM outputs are available

when PWM is operated as a single unit.

TMP2 (master) + TMP3 (slave) + TMQO (slave)

16-bit timer/counter

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

r— T /T /T /T /T T = =

= TOP21 (PWM output)

= TOP30 (PWM output)

= TOP31 (PWM output)

= TOQO0 (PWM output)
[ TOQO1 (PWM output)
= TOQO02 (PWM output)

= TOQO03 (PWM output)

Seven PWM outputs are available when
PWM is operated in tuned operation mode.
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Figure 7-23. Basic Operation Timing of Tuned PWM Function (TMP2, TMP3, TMQO)
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7.7 Selector Function

In the V850ES/Fx2, the TIP input/RXDA input and the TIP input/TSOUT signal can be used to select the capture
trigger input of TMP.
By using this function, the following is possible.

e The TIPOO and TIPO1 input signals can be selected from the port/timer alternate-function pins (TIPOO and TIPO1
pins) and the TSOUT signal of the CAN controller.
— If the TSOUT signal of CANO or CANL1 is selected, the time stamp function of the CAN controller can be used.
e The TIP10 and TIP11 input signals of TMP1 can be selected from the port/timer alternate-function pins (TIP10
and TIP11 pins) and the UARTA reception alternate-function pins (RXDAO and RXDA1). The TIP30 and TIP31
input signals of TMP3 can be selected from a port/timer alternate-function pin (TIP30 and TIP31 pins) and the
UARTA reception alternate function pin (RXDA2 and RXDAS3).
— When the RXDAO, RXDA1, RXDA2 or RXDAS signal of UARTO, UART1, UART2 or UARTS 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 before connecting
the timer.
2. When setting the selector function, first disable the peripheral 1/O to be connected

(TMP/UARTA or TMP/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 TMPn.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: 00H R/W  Address: FFFFF308H

(i) V850ES/FE2, VB850ES/FF2, VB50ES/FG2
7 6 5 4 3 2 1 0

setcento| o | o | o | isEwo4 | iseo3 | 1seoz | o | isELoo |

(i) V850ES/FJ2: pPD70F3237
7 6 5 4 3 2 1 0

setento| o | o | isELos | isELo4 | isELos | i1seLoz | isELor | isELoo |

(iif) V850ES/FJ2: pPD70F3238, pPD70F3239

7 6 5 4 3 2 1 0
SELCNTO| 0 | ISELO6 | ISELOS | ISEL04 | ISELO3 | ISEL02 | ISELO1 | ISEL0O |

ISELO6 Selection of TIP31 input signal (TMP3)
0 TIP31 pin input
1 RXDA3 pin input

ISELO5 Selection of TIP30 input signal (TMP3)
0 TIP30 pin input
1 RXDAZ2 pin input

ISELO4 Selection of TIP11 input signal (TMP1)
0 TIP11 pin input
1 RXDAL1 pin input

ISELO3 Selection of TIP10 input signal (TMP1)
0 TIP10 pin input
1 RXDAO pin input

ISELO2"" Selection of TIPO1 input signal (TMPO)

0 Signal selected by ISELO1 bit
1 INTTMOEQO interrupt of TMMO

ISELO1 Selection of TIPO1 input signal (TMPO)
0 TIPO1 pin input
1 TSOUT signal of CAN1

ISELOO Selection of TIPOO input signal (TMPO)
0 TIPOO pin input
1 TSOUT signal of CANO
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Note Use the INTTMOEQO interrupt signal as the TIPO1 input signal in the following range.
TMM operation clock cycle > TMP operation clock cycle x 4

Cautions 1. To set the ISELO6 to ISELOO bits to 1, set the corresponding pin in the capture input mode.
2. Set TMPO and CANO after prohibiting operating when you set the ISELOO bit.
Set TMPO and CAN1 after prohibiting operating when you set the ISELO1 bit.
Set TMPO and TMMO after prohibiting operating when you set the ISELO2 bit.
Set TMP1 and UARTAO after prohibiting operating when you set the ISEL03 bit.
Set TMP1 and UARTAL after prohibiting operating when you set the ISELO4 bit.
Set TMP3 and UARTAZ after prohibiting operating when you set the ISELO5S bit.
Set TMP3 and UARTAZ3 after prohibiting operating when you set the ISELO6 bit.

(2) Selector operation control register 1 (SELCNT1)
The SELCNTL1 register is an 8-bit register that selects the capture trigger for TMPn.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.
This register is incorporated only in the £/PD70F3238 and #PD70F3239.

After reset: 0OH R/W Address: FFFFF30AH

(i) V850ES/FJ2: pPD70F3238, uPD70F3239

7 6 5 4 3 2 1 0
SELCNT1 | 0 ‘ 0 ‘ 0 | 0 | 0 | 0 | ISEL11 | ISEL10 |

ISEL11™" Selection of TIP21 input signal (TMP2)

0 TIP21 pin input

1 TSOUT signal of CAN3
ISEL10™" Selection of TIP20 input signal (TMP2)

0 TIP20 pin input

1 TSOUT signal of CAN2

Note The pPD70F3237 does not have the CAN3 and CAN2 functions. Fix the ISEL11
and ISEL10 bits of these products to 0.

Cautions 1. To set the ISEL11 and ISEL10 bits to 1, set the corresponding pin in
the capture input mode.
2. Set TMP2 and CAN2 after prohibiting operating when you set the
ISEL10 bit. Set TMP2 and CANS after prohibiting operating when you set
the ISEL11 bit.
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7.8 Cautions

(1) Capture operation
When the capture operation is used and a slow clock is selected as the count clock, FFFFH, not 0000H, may
be captured in the TPNnCCRO and TPnCCRL1 registers if the capture trigger is input until operation start of count
clock after the TPnCE bit is set to 1.

(a)Free running timer mode
FFFFH

16 bit counter o |_

0000H

Count clock

TPNCCRO register 0000H X FFFFH X 0002H

TPnCEbitJ 5
TIPNO pin input | | | |

A A
Capture trigger Capture trigger input

(b)Pulse mode

FFFFH

)]

16 bit counter 5

TPNCE bit | E
TIPNO pin input | |
A

Capture trigger Caputure torigger input

0000H )
Count clock
TPnCCRO register 0000H X FFFFH X 0001H
A
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(2) Notes on rewriting the TPnCCRO register
To change the value of the TPNCCRO register to a smaller value, stop counting once and then change the set
value.
If the value of the TPnCCRO register is rewritten to a smaller value during counting, the 16-bit counter may

overflow.
FFFFH
D1 D1 /
16-bit counter
D2 D2— D2——
0000H
TPnCE bit
TPnCCRO register D1 D2
INTTPNCCO signal —| —| —|
External event External event count signal |External event
count signal interval (NG) count signal
interval (1) (10000H + D2 + 1) interval (2)
(D1 +1) (D2 +1)

Remark n=0to3

If the value of the TPNCCRO 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”.

378 User's Manual U17830EE1VOUMO0



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P

(3) Clearing overflow flag
The overflow flag can be cleared to O by clearing the TPnOVF bit to 0 with the CLR instruction and by
writing 8-bit data (bit O is 0) to the TPNOPTO register. To accurately detect an overflow, read the TPnOVF bit
when it is 1, and then clear the overflow flag by using a bit manipulation instruction.

(i) Operation to write 0 (without conflict with setting) (i) Operation to clear to 0 (without conflict with setting)
Overflow Overflow
setsignal - set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TPNOVF bit) \ access signal Read Write
Overflow flag —\—
(TPNOVF bit)

(i) Operation to write 0 (conflict with setting) (iv) Operation to clear to 0 (conflict with setting)
Overflow Overflow
set signal set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TPNOVF bit) \ access signal Read Write

Overflow flag
(TPNOVF bit)

Remark n=0to3

To clear the overflow flag to 0, read the overflow flag to check if it is set to 1, and clear it with the CLR
instruction. If O is written to the overflow flag without checking if the flag is 1, the set information of overflow
may be erased by writing 0 ((ii) in the above chart). Therefore, software may judge that no overflow has
occurred even when an overflow actually has occurred.

If execution of the CLR instruction conflicts with occurrence of an overflow when the overflow flag is cleared to
0 with the CLR instruction, the overflow flag remains set even after execution of the clear instruction.
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The V850ES/FE2, V850ES/FF2, VB50ES/FG2, and V850ES/FJ2 include 16-bit timer/event counter Q. The number
of channels of timer Q (TMQ) differs depending on the product.

Table 8-1. Number of Channels of Timer Q

Product Number of Channels
VB850ES/FE2
1 (TMQO)
V850ES/FF2
V850ES/FG2 2 (TMQO, TMQ1)
VB850ES/FJ2 3 (TMQO, TMQ1, TIMQ2)

8.1 Features

Timer Q (TMQ) is a 16-bit timer/event counter that can be used in various ways.
TMQ can perform the following operations.

o PWM output

¢ Interval timer

e External event counter (operation disabled when clock is stopped)
e One-shot pulse output

¢ Pulse width measurement function

e Triangular wave PWM output

e Timer synchronized operation function

e External trigger pulse output function

e Free-running function

8.2 Functional Outline

e Capture trigger input signal x 4

e External trigger input signal x 1

e Clock selection x 8

e External event count input x 1

¢ Readable counter x 1

e Capture/compare reload register x 4
e Capture/compare match interrupt x 4
e Timer output (TOQnO to TOQN3) x 4

Remark n=0 (V850ES/FE2, V850ES/FF2)
n=0,1 (V850ES/FG2)
n =0 to 2 (VB50ES/FJ2)

This chapter explains the case where n =0 to 2.
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8.3 Configuration

TMQ consists of the following hardware.

Table 8-2. Configuration of TMQO to TMQ2

Item

Configuration

Timer register

16-bit counter

Registers TMQn capture/compare registers 0 to 3 (TQNCCRO to TQnCCR3)
TMQn counter read buffer register (TQNCNT)
CCRO buffer register to CCRS3 buffer register

Timer inputs 4 (TIQnO™* to TIQN3)

Timer outputs

2 (TOQnO to TOQN3)

Control registers

TMQn timer control registers 0, 1 (TQNCTLO, TQnCTL1)
TMQn timer dedicated I/O control registers 0 to 2 (TQNIOCO to TQnIOC2)
TMQn timer option register 0 (TQNOPTO)

TIQnm pin noise elimination control register (QnmNFC)

Note TIQnO functions alternately as a capture trigger input signal, external trigger input signal, and external event

count input signal.

Remark n=0to2, m=0to 3

The pins of TMQ function alternately as port pins. For how to set the alternate function, refer to the description of
the registers in CHAPTER 4 PORT FUNCTIONS.

Table 8-3. TMQ Pin List

Pin Name Alternate-Function Pin 1/0 Function
TIQO0 P53/KR3/TOQ00/DDO Input External event/clock input (TMQO)
TIQO1 P50/KR0O/TOQ01
TIQ02 P51/KR1/TOQ02
TIQO03 P52/KR2/TOQO03/DDI
TIQ10 P95/TOQ10 External event/clock input (TMQ1)
TIQ11 P92/TOQ11
TIQ12 P93/TOQ12
TIQ13 P94/TOQ13
TIQ20 P610/TOQ20 External event/clock input (TMQZ2)
TIQ21 P611/TOQ21
TIQ22 P612/TOQ22
TIQ23 P613/TOQ23
TOQO00 P53/KR3/TIQ00/DDO Output Timer output (TMQO)

TOQO1 P50/KRO/TIQ01

TOQO02 P51/KR1/TIQ02

TOQO03 P52/KR2/TIQ03/DDI

TOQ10 P95/TIQ10 Timer output (TMQ1)
TOQ11 P92/TIQ11

TOQ12 P93/TIQ12

TOQ13 P94/TIQ13

TOQ20 P610/TIQ20 Timer output (TMQ2)
TOQ21 P611/TIQ21

TOQ22 P612/T1Q22

TOQ23 P613/T1Q23
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Figure 8-1. Block Diagram of Timer Q

\ Internal bus \
PN
TQNCTLO iﬁ TQnIOC2 iﬁ
LTOnCE [TOnCKS2|TONCKS1|TONCKSO| [TOnESS1[TONESSO[TONETS1{TORETS0|
| |
TQNCE
fxx
fxx/2 1 TQNCCRO
fxx/4 5
fxx/8 © ] [ 1
fox/16 =] 2 Z 5
fxx/32 (%} CCRO buffer 5
fxx/64 TQNCNT register Load 3 [ INTTQnCCO
/128 1T &
i % (i —
Edge Counter control |-' 16-bit counter Clear TQnCE
detector L INTTQnOV
— % B
: g
Trigger CCR1 buffer Toad 8 e INTTONCC1
Edge control register o]
detector T < (%)
| T
Edge TQNCCR1
TiQno detector — T e
' 16 blt counter. '
o Edge it 5
TiQnl detector CCR2 buffer °©
register o INTTQnCC2
*—. < ]
©—»| [FEdoe l TQNCCR2
TiQn2 detector Qn
{ '  16- b|_t_c_ounter i
o Edge =
TiQn3 detector Ci§3 buffer A‘ g INTTORCC3
register % Qn
< (%]
TQNCCR3 ©TOQnO
Output |—=©TOQN1
Capture/compare controller—w@ TOQN2
selection functlon ——=©TOQn3

INTTQnOV

TOnIS7 to TOniS0]  [TonsYE[T nESTT nEEE[T! nMDZT nMDlT nMD() nCCS4t0T nCCSO[T nOVF T nOL310T nOLO]TONOES to TQNOED
TQnIOCL TQnCTLL TQnOPTO TQnIOCO

Internal bus

Remark n=0to 2
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(1) TMQn capture/compare register 0 (TQNCCRO)
The TQnCCRO register is a 16-bit register that has a capture function and a compare function.
A capture register or a compare register behavior can be set by the setting of TQnCCSO0 bit only in the free-
running mode.
In the pulse width measurement mode, this register functions only as a capture register.
In all the modes other than the free-running mode and pulse width measurement mode, this register functions
as a compare register.
In the default status, the TQNCCRO register functions as a compare register.
This register can be read or written in 16-bit units.
Reset input clears this register to 0000H.

After reset: 0000H R/W  Address: TQOCCRO: FFFFF546H, TQ1CCRO: FFFFF616H,
TQ2CCRO: FFFFF626H

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

escecY I N N I I O N B
(n=0to02)

¢ When used as compare register
TQNCCRO can be rewritten when TQnCE = 1.

Each operation mode and capture/compare register functions and the method of writing the compare
register are as follows.

TMQ Operation Mode Method of Writing TQnCCRO Register

PWM output mode, external trigger pulse output | Reload
mode, or triangular wave PWM mode

Free-running mode, external event count mode, | Anytime write
one-shot pulse mode, or interval timer mode

Pulse width measurement mode Cannot be written because used only as
capture register

e When used as capture register
The count value is stored in TQNCCRO on detection of the edge of the capture trigger (TIQnO) input.

Caution: At subclock operated and at main clock stopped, the access to TQnCCRO register is
prohibited. For details, refer to 3. 4. 10 (2)
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(2) TMQn capture/compare register 1 (TQnCCR1)

The TQnCCRL1 register is a 16-bit register that has a capture function and a compare function.

A capture register or a compare register behavior can be specified by setting the TQnCCS1 bit of the
TQNOPTO register only in the free-running mode.

In the pulse width measurement mode, this register functions only as a capture register.

In all the modes other than the free-running mode and pulse width measurement mode, this register functions
as a compare register.

Reset input clears this register to 0000H.

After reset: 0000H R/W  Address: TQOCCR1: FFFFF548H, TQ1CCR1: FFFFF618H,
TQ2CCR1: FFFFF628H

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

rorcer | | | | [ P P T

(n=0to2)

384

o When used as compare register

TQNCCRL1 can be rewritten when TQnCE = 1.

Each operation mode and capture/compare register functions and the method of writing the compare
register are as follows.

TMQ Operation Mode Method of Writing TQnCCR1 Register

PWM output mode, external trigger pulse output | Reload
mode, or triangular wave PWM mode

Free-running mode, external event count mode, | Anytime write
one-shot pulse mode, or interval timer mode

Pulse width measurement mode Cannot be written because used only as
capture register

e When used as capture register
The count value is stored in TQNCCR1 on detection of the edge of the capture trigger (TIQn1) input.

Caution: At subclock operated and at main clock stopped, the access to TQnCCR1 register is
prohibited. For details, refer to 3. 4. 10 (2)
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(3) TMQn capture/compare register 2 (TQNCCR2)
The TQnCCR2 register is a 16-bit register that has a capture function and a compare function.
A capture register or a compare register behavior can be specified by setting the TQnCCS2 bit of the
TQNOPTO register only in the free-running mode.
In the pulse width measurement mode, this register functions only as a capture register.
In all the modes other than the free-running mode and pulse width measurement mode, this register functions
as a compare register.
In the default status, the TQNCCR?2 register functions as a compare register.
This register can be read or written in 16-bit units.
Reset input clears this register to 0000H.

After reset: 0000H R/W  Address: TQOCCR2: FFFFF54AH, TQ1CCR2: FFFFF61AH,
TQ2CCR2: FFFFF62AH

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

eeeecd I O I O I R O
(n=0to02)

¢ When used as compare register
TQNCCR2 can be rewritten when TQnCE = 1.

Each operation mode and capture/compare register functions and the method of writing the compare
register are as follows.

TMQ Operation Mode Method of Writing TQnCCR2 Register

PWM output mode, external trigger pulse output | Reload
mode, or triangular wave PWM mode

Free-running mode, external event count mode, | Anytime write
one-shot pulse mode, or interval timer mode

Pulse width measurement mode Cannot be written because used only as
capture register

e When used as capture register
The count value is stored in TQNCCR2 on detection of the edge of the capture trigger (TIQn2) input.

Caution: At subclock operated and at main clock stopped, the access to TQnCCR1 register is
prohibited. For details, refer to 3. 4. 10 (2)

User's Manual U17830EE1VOUMO0 385



CHAPTER 8 16-BIT TIMER/EVENT COUNTER Q

(4) TMQn capture/compare register 3 (TQNCCR3)
The TQnCCRS register is a 16-bit register that has a capture function and a compare function.
A capture register or a compare register can be specified by setting the TQnCCS3 bit of the TQnNOPTO register
only in the free-running mode.
In the pulse width measurement mode, this register functions only as a capture register.
In all the modes other than the free-running mode and pulse width measurement mode, this register functions
as a compare register.
In the default status, the TQNCCR3 register functions as a compare register.
This register can be read or written in 16-bit units.
Reset input clears this register to 0000H.

After reset: 0000H R/W  Address: TQOCCR3: FFFFF54CH, TQ1CCR3: FFFFF61CH,

TQ2CCR3: FFFFF62CH

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

eseecy I N N N I I O O
(n=0to02)

e When used as compare register

TQNCCR3 can be rewritten when TQnCE = 1.

Each operation mode and capture/compare register functions and the method of writing the compare
register are as follows.

TMQ Operation Mode

Method of Writing TQnCCR3 Register

PWM output mode, external trigger pulse output
mode, or triangular wave PWM mode

Reload

Free-running mode, external event count mode,

Anytime write

one-shot pulse mode, or interval timer mode

Pulse width measurement mode Cannot be written because used only as

capture register

e When used as capture register
The count value is stored in TQNCCR3 on detection of the edge of the capture trigger (TIQn3) input.

Caution: At subclock operated and at main clock stopped, the access to TQnCCR1 register is
prohibited. For details, refer to 3. 4. 10 (2)
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(5) TMQn counter read buffer register (TQNCNT)
The TQNCNT register is a read buffer register that can read the value of the 16-bit counter.
This register is read-only, in 16-bit units.
Reset input clears this register to FFFFH.
When TQNCE bit = 0, the TQNCNT register is 000H. At this time if TQNCNT register is read, the value of 16-bit
counter is not read and O000H is read as it is.
If this register is read, the count value of 16-bit counter can be read when TQnCE = 1.

After reset: FFFFH R Address: TQOCNT: FFFFF54EH, TQ1CNT: FFFFF61EH,
TQ2CNT: FFFFF62EH

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

e I N A N I O I R B N
(n=0to02)

Caution: At subclock operated and at main clock stopped, the access to TQnCCR1 register is
prohibited. For details, refer to 3. 4. 10 (2)
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8.4 Control Registers

(1) T™MQn control register 0 (TQNCTLO)
The TQNCTLO register is an 8-bit register that controls the operation of timer Q.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register of default value to 00H.
Rewriting the TQNnCTLO register is prohibited while operating (TQnCE = 1). However, only the T