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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 Vi (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.

Purchase of NEC Electronics I°C components conveys a license under the Philips I°C Patent Rights to
use these components in an I°’C system, provided that the system conforms to the I°C Standard
Specification as defined by Philips.

Caution: pPD70F3210H, 70F3210HY, 70F3211H, and 70F3211HY use SuperFlash® technology
licensed from Silicon Storage Technology, Inc.

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

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

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries
including the United States and Japan.
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These commodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.

e The information in this document is current as of March, 2004. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

e No part of this document may be copied or reproduced in any form or by any means without the prior
written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may
appear in this document.

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

e Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

e While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC
Electronics products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment and anti-failure features.

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

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

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

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

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

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

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

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

(Note)

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

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

M8E 02.11-1
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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 America, Inc. (U.S.) NEC Electronics (Europe) GmbH NEC Electronics Hong Kong Ltd.

Santa Clara, California Duesseldorf, Germany Hong Kong
Tel: 408-588-6000 Tel: 0211-65030 Tel: 2886-9318
800-366-9782
« Sucursal en Espafia NEC Electronics Hong Kong Ltd.
Madrid, Spain Seoul Branch
Tel: 091-504 27 87 Seoul, Korea

Tel: 02-558-3737
» Succursale Francgaise
Vélizy-Villacoublay, France NEC Electronics Shanghai Ltd.
Tel: 01-30-675800 Shanghai, P.R. China
. . Tel: 021-5888-5400
« Filiale Italiana

QA”I?T)OZY ggzs a NEC Electronics Taiwan Ltd.
el Qe Taipei, Taiwan

« Branch The Netherlands Tel: 02-2719-2377
Eindhoven, The Netherlands

Tel: 040-2445845 NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
- Tyskland Filial Tel: 6253-8311
Taeby, Sweden
Tel: 08-63 80 820

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

Purpose

Organization

How to Read This Manual

PREFACE

This manual is intended for users who wish to understand the functions of the
V850ES/KF1 and design application systems using these products.
The target products are as follows.

« Standard products: #PD703208, 703208Y, 703209, 703209Y, 703210, 703210Y,
703211, 703211Y, 70F3210, 70F3210H, 70F3210HY, 70F3210Y,
70F3211H, 70F3211HY

- Special products:  #PD703208(A), 703208Y(A), 703209(A), 703209Y(A), 703210(A),
703210Y(A), 70F3210(A), 70F3210Y(A), 703208(A1), 703208Y(AL),
703209(A1), 703209Y(A1), 703210(A1), 703210Y (A1), 703208(A2),
703208Y(A2), 703209(A2), 703209Y(A2), 703210(A2), 703210Y(A2)

This manual is intended to give users an understanding of the hardware functions of the
V850ES/KF1 shown in the Organization below.

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

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

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

Cautions 1. The application examples in this manual apply to “standard” quality
grade products for general electronic systems. When using an
example in this manual for an application that requires a “special”
quality grade product, thoroughly evaluate the component and circuit
to be actually used to see if they satisfy the special quality grade.

2. When using this manual as a manual for a special grade product, read
the part numbers as follows.

!

1PD703208 1PD703208(A), 703208(A1), 703208(A2)
(4PD703208Y - uPD703208Y(A), 703208Y (A1), 703208Y(A2)
1PD703209 1PD703209(A), 703209(A1), 703209(A2)
{PD703209Y . 4PD703209Y(A), 703209Y (A1), 703209Y(A2)

1

4PD703210 - PD703210(A), 703210(A1), 703210(A2)
4PD703210Y - uPD703210Y(A), 703210Y(A1), 703210Y(A2)
{PD70F3210 - uPD70F3210(A)

{PD70F3210Y - uPD70F3210Y(A)
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Conventions

To find the details of a register where the name is known
— Refer to APPENDIX C REGISTER INDEX.

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.

To understand the overall functions of the VB50ES/KF1
— Read this manual according to the CONTENTS.

To know the electrical specifications of the V850ES/KF1

— Refer to CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM
VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET), CHAPTER 28
ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION
OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE
PRODUCTS), CHAPTER 29 ELECTRICAL SPECIFICATIONS ((Al1) GRADE
PRODUCTS), and CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE
PRODUCTS) (TARGET).

In this manual, “yyy bit of xxx register” is expressed as “xxx.yyy bit". Note however, that
even if “xxx.yyy” is described in a program, the compiler/assembler cannot correctly
recognize it.

Data significance: Higher digits on the left and lower digits on the right
Active low representation: xxx (overscore 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 .oo XXXX OF XXxxB

Decimal cee XXXX

Hexadecimal .er 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°
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Related Documents

The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents related to V850ES/KF1

Document Name

Document No.

V850ES Architecture User's Manual U15943E
V850ES/KF1 Hardware User’'s Manual This manual
V850ES/Kx1, VB50ES/Kx1+ On-chip Debug User’'s Manual u16972J

(Japanese only)

Documents related to development tools (user’s manuals)

Document Name

Document No.

IE-V850ES-G1 (In-Circuit Emulator) U16313E
IE-703217-G1-EM1 (In-Circuit Emulator Option Board) U16594E
CA850 Ver. 2.50 C Compiler Package Operation U16053E
C Language U16054E
Assembly Language U16042E
PM plus Ver. 5.20 U16934E
ID850 Ver. 2.50 Integrated Debugger Operation U16217E
ID850QB Ver. 2.80 Integrated Debugger Operation U16973E
SM850 Ver. 2.40 System Simulator Operation U15182E
SM850 Ver. 2.00 or Later System Simulator | External Part User Open U14873E
Interface Specifications
SM plus Ver. 1.00 System Simulator Operation U16906E
User Open Interface U16907E
RX850 Ver. 3.13 or Later Real-Time OS Basics U13430E
Installation U13410E
Technical U13431E
RX850 Pro Ver. 3.15 Real-Time OS Basics U13773E
Installation U13774E
Technical U13772E
RD850 Ver. 3.01 Task Debugger U13737E
RD850 Pro Ver. 3.01 Task Debugger U13916E
AZ850 Ver. 3.20 System Performance Analyzer U14410E
PG-FP3 Flash Memory Programmer U13502E
PG-FP4 Flash Memory Programmer U15260E
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CHAPTER 1 INTRODUCTION
1.1 K1 Family Product Lineup
1.1.1 VB850ES/Kx1+, V850ES/Kx1 products lineup
* 64-pin plastic LQFP (10 x 10 mm, 0.5 mm pitch)
* 64-pin plastic TQFP (12 x 12 mm, 0.65 mm pitch)
VB850ES/KE1 VB850ES/KE1+
LPD703207Y HPDT0F3302Y

Single-power flash: 128 KB, Mask ROM: 128 KB,
RAM: 4 KB RAM: 4 KB

* 80-pin plastic TQFP (12 x 12 mm, 0.5 mm pitch)
* 80-pin plastic QFP (14 x 14 mm, 0.65 mm pitch)
V850ES/KF1

Single-power flash: 128 KB,
RAM: 4 KB

VB50ES/KF1+

pPD70F3308Y

|_uPD70F3211HY | HPD703211Y
LPD70F3211H uPD703211

[ wpp70OF3308

Single-power flash: 256 KB, Mask ROM: 256 KB,
RAM: 12 KB RAM: 12 KB

Single-power flash: 256 KB,
RAM: 12 KB

HPD70F3306Y

UPD70F3210HY pPD703210Y
uPD703210

[ wpD70F3306

HPD70F3210H
Mask ROM: 128 KB,

Single-power flash: 128 KB,
RAM: 4 KB

RAM: 6 KB
HPD70F3210Y pPD703209Y
uPD703209

pPD70F3210
Mask ROM: 96 KB,

Two-power flash: 128 KB,
16 KB RAM: 4 KB

RAM
LPD703208Y
1PD703208

Mask ROM: 64 KB,
RAM: 4 KB

* 100-pin plastic LQFP (14 x 14 mm, 0.5 mm pitch)
* 100-pin plastic QFP (14 x 20 mm, 0.65 mm pitch)

Single-power flash: 128 KB,
RAM: 6 KB

V850ES/KG1+

HPD70F3313Y

uPD70F3215H

V850ES/KG1
pPD703215Y
uPD703215

[ wpp70OF3313

Single-power flash: 256 KB, Mask ROM: 256 KB,

Single-power flash: 256 KB,

UPD70F3214Y
uPD70F3214

Two-power flash: 128 KB,

pPD703213

Mask ROM: 96 KB,

RAM: 6 KB RAM: 4 KB
|__wpp703212v |
Mask ROM: 64 KB,
RAM: 4 KB
* 144-pin plastic LQFP (20 x 20 mm, 0.5 mm pitch)
VB850ES/KJ1

UPD70F3218HY
uPD70F3218H

Single-power flash: 256 KB,
RAM: 16 KB

RAM: 16 KB RAM: 16 KB RAM: 16 KB

LPD703214Y LPD70F3311Y
UPD703214 | wpo70F33L1
Single-power flash: 128 KB, Mask ROM: 128 KB, Single-power flash: 128 KB,
RAM: 6 KB RAM: 6 KB RAM: 6 KB

V850ES/KJ1+

LPD70F3318Y
LPD70F3318

Single-power flash: 256 KB,
RAM: 16 KB

LPD70F3316Y

1PD703217Y
LPD703217

uPD70F3217H

[ wPD70F3316

Single-power flash: 128 KB,
RAM: 6 KB

HPD70F3217

Two-power flash: 128 KB,
RAM: 6 KB

Mask ROM: 128 KB,
RAM: 6 KB

pPD703216Y
pPD703216

Mask ROM: 96 KB,
RAM: 4 KB

Single-power flash: 128 KB,
RAM: 6 KB

Mask ROM: 128 KB,
RAM: 4 KB

pPD703308Y

uPD703308

Mask ROM: 256 KB,
RAM: 12 KB

uPD703313

Mask ROM: 256 KB,
RAM: 16 KB
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CHAPTER 1 INTRODUCTION
The function list of the V850ES/Kx1+ is shown below.
Product Name V850ES/KE1+ V850ES/KF1+ V850ES/KG1+ VB50ES/KJ1+
Number of pins 64 pins 80 pins 100 pins 144 pins
Internal Mask ROM 128 - - 256 - - 256 - - -
memory | Flash memory - 128 128 - 256 128 - 256 128 256
KB) RAM 4 6 12 6 16 6 16
Supply voltage 2.7t055V
Minimum instruction execution time 50 ns @20 MHz
Clock X1 input 210 10 MHz
Subclock 32.768 kHz
Ring-OSC 240 kHz (TYP.)
Port CMOS input 8 8 8 16
CMOS 110 43 59 76 112
N-ch open-drain I/O 2 2 4 6
Timer 16-bit (TMP) 1ch 1ch 1lch 1lch
16-bit (TMO) 1ch 2ch 4 ch 6 ch
8-bit (TM5) 2ch 2ch 2ch 2ch
8-bit (TMH) 2ch 2ch 2ch 2ch
Interval timer 1ch 1ch lch lch
Watch 1ch 1ch 1lch 1lch
WDT1 lch lch 1lch 1lch
WDT2 lch lch 1lch 1ch
RTO 6 bits x 1 ch 6 bits x 1 ch 6 bits x 1 ch 6 bits x 2 ch
Serial Csl 2ch 2ch 2ch 3ch
interface | Automatic transmitireceive - lch 2ch 2ch
3-wire CSI
UART lch lch 2ch 2ch
UART supporting LIN-bus | 1 ch 1lch 1ch 1ch
[zchee 1ch 1ch 1ch 2 ch
External | Address space - 128 KB 3 MB 15 MB
bus Address bus - 16 bits 22 bits 24 bits
Mode - Multiplex only Multiplex/separate
DMA controller - - 4ch 4ch
10-bit A/D converter 8ch 8ch 8 ch 16 ch
8-bit D/A converter - - 2ch 2ch
Interrupt | External 9 9 9 9
Internal 27 30 42 48
Key return input 8ch 8ch 8 ch 8 ch
Reset RESET pin Provided
POC 2.7V or less fixed
LVI 3.1V/3.3V 0.15V or 3.5 V/3.7 V/3.9 V/4.1 V/4.3 V £0.2 V (selectable by software)
Clock monitor Provided (monitor by Ring-OSC)
WDT1 Provided
WDT2 Provided
ROM correction 4 None
Regulator None | Provided
Standby function HALT/IDLE/STOP/sub-IDLE mode
Operating ambient temperature Ta =-40 to +85°C

Note Only in products with an I°C bus (Y products). Refer to each user's manual for the product names.
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CHAPTER 1

INTRODUCTION

The function list of the V850ES/Kx1 is shown below.

Product Name V850ES/KE1 V850ES/KF1 V850ES/KG1 V850ES/KJ1
Number of pins 64 pins 80 pins 100 pins 144 pins
Internal Mask ROM 128 - 64/ |128| - (256 — |64/ (128 — [256| - 96/ - -
memory 96 96 128
(KB) Flash memory - 128 - | - |128| - |256| - | - |128| - |256| - 128 256
RAM 4 4 6 12 4 6 16 6 16
Supply voltage 27t055V
Minimum instruction execution time 50 ns @20 MHz
Clock X1 input 2to 10 MHz
Subclock 32.768 kHz
Ring-OSC
Port CMOS input 8 8 8 16
CMOS 110 43 59 76 112
N-ch open-drain I/O 2 2 4 6
Timer 16-bit (TMP) 1ch - 1ch - 1ch - 1ch
16-bit (TMO) 1ch 2ch 4 ch 6 ch
8-bit (TM5) 2ch 2ch 2ch 2ch
8-bit (TMH) 2ch 2ch 2ch 2ch
Interval timer 1lch 1lch 1ch 1lch
Watch 1ch 1ch 1ch 1lch
WDT1 1ch 1ch lch 1lch
WDT2 1ch 1ch lch 1ch
RTO 6 bits x 1 ch 6 bits x 1 ch 6 bits x 1 ch 6 bits x 2 ch
Serial Csl 2ch 2ch 2ch 3ch
interface | Automatic transmit/receive - lch 2ch 2ch
3-wire CSI
UART 2ch 2ch 2ch 3ch
UART supporting LIN-bus - - - -
e lch 1ch lch 2ch
External | Address space - 128 KB 3 MB 15 MB
bus Address bus - 16 bits 22 bits 24 bits
Mode - Multiplex only Multiplex/separate
DMA controller - - - -
10-bit A/D converter 8ch 8ch 8ch 16 ch
8-bit D/A converter - - 2ch 2ch
Interrupt | External 8 8 8 8
Internal 26 26 29 31 34 40 43
Key return input 8 ch 8ch 8ch 8 ch
Reset RESET pin Provided
POC None
LVI None
Clock monitor None
WDT1 Provided
WDT2 Provided
ROM correction 4
Regulator None | Provided
Standby function HALT/IDLE/STOP/sub-IDLE mode

Operating ambient temperature

Ta=-40to +85°C

Note Only in products with an I°C bus (Y products). Refer to each user’'s manual for the product names.
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CHAPTER 1 INTRODUCTION

1.1.2 78K0/Kx1+, 78K0/Kx1 products lineup

30-pin SSOP (7.62 mm 0.65 mm pitch)

78K0/KB1 78K0/KB1+
LPD78F0103 ©pD780108 | ——— pPD78FO103H |
Two-power flash: 24 KB, Mask ROM: 24 KB, Single-power flash: 24 KB,
RAM: 768 B RAM: 768 B RAM: 768 B
pPD780102 |—| UPD78F0102H |
Mask ROM: 16 KB, Single-power flash: 16 KB,
RAM: 768 B RAM: 768 B
ypD780101  |—— upp7sroroin |
Mask ROM: 8 KB, Single-power flash: 8 KB,
RAM: 512 B RAM: 512 B
44-pin LQFP (10 x 10 mm 0.8 mm pitch)
78K0/KC1 78K0/KC1+
4PD780114  |——|uPD78F0O114H/HDY]
Two-power flash: 32 KB, Mask ROM: 32 KB, Single-power flash: 32 KB,
AM: 1 KB RAM: 1 KB RAM: 1 KB
upD780113 | ——  upp7sForrsH |
Mask ROM: 24 KB, Single-power flash: 24 KB,
RAM: 1 KB RAM: 1 KB
uPD780112 | ———{ PD78FOLL2H |
Mask ROM: 16 KB, Single-power flash: 16 KB,
RAM: 512 B RAM: 512 B

uPD780111

Mask ROM: 8 KB,

RAM: 512 B
52-pin LQFP (10 x 10 mm 0.65 mm pitch)
78K0/KD1 78K0/KD1+
LPD78F0124 uPD780124 | ——{uPD78F0124H/HD™"]
Two-power flash: 32 KB Mask ROM: 32 KB, Single-power flash: 32 KB,
RAM: 1 KB ' RAM: 1 KB RAM: 1 KB
upD780123 | —— uPp7sFor2aH |
Mask ROM: 24 KB, Single-power flash: 24 KB,
RAM: 1 KB RAM: 1 KB
upo780122 | —— uPD78FO122H |
Mask ROM: 16 KB, Single-power flash: 16 KB,
RAM: 512 B RAM: 512 B
pPD780121
Mask ROM: 8 KB,
RAM: 512 B
64-pin LQFP, TQFP (10 x 10 mm 0.5 mm pitch, 12 x 12 mm 0.65 mm pitch, 14 x 14 mm 0.8 mm pitch)
78KO/KE1 78K0/KE1+
HPD78F0138 | wPD780138 | [upD78FOL3BHIHD "
Flash memory: 60 KB, Mask ROM: 60 KB, Single-power flash: 60 KB,
RAM: 2 KB RAM: 2 KB RAM: 2 KB
‘| wpo7so1zs | upD7sFo13sH |
Mask ROM: 48 KB, Single-power flash: 48 KB,
RAM: 2 KB RAM: 2 KB
LPD78F0134 —  wporso13a  |—— upp7sroizan |
Flash memory: 32 KB, Mask ROM: 32 KB, Single-power flash: 32 KB,
RAM: 1 KB RAM: 1 KB RAM: 1 KB
| wpo7so1ss | ——— upp7sroissH |
Mask ROM: 24 KB, Single-power flash: 24 KB,
RAM: 1 KB RAM: 1 KB
| wporso1za | upp7sFoizen |
Mask ROM: 16 KB, Single-power flash: 16 KB,
RAM: 512 B RAM: 512 B
uPD780131
Mask ROM: 8 KB,
RAM: 512 B
80-pin TQFP, QFP (12 x 12 mm 0.5 mm pitch, 14 x 14 mm 0.65 mm pitch)
78KO/KF1 78KO/KF1+
LPD78F0148 4PD780148  |———{uPD78F0148H/HD ]
Flash memory: 60 KB, Mask ROM: 60 KB, Single-power flash: 60 KB,
RAM: 2 KB RAM: 2 KB RAM: 2 KB

UPD780146

Mask ROM: 48 KB,
RAM: 2 KB

©PD780144

Mask ROM: 32 KB,
RAM: 1 KB

©PD780143

Mask ROM: 24 KB,
RAM: 1 KB

Note Products with an on-chip function
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CHAPTER 1 INTRODUCTION

The function list of the 78K0/Kx1+ is shown below.

Product Name 78KO/KB1+ 78K0/KC1+ 78K0/KD1+ 78KO/KE1+ 78KO/KF1+
Item
Number of pins 30 pins 44 pins 52 pins 64 pins 80 pins
Internal Flash memory 8K 16 K24K | 16K 24KI32K | 16 K 24K/32K | 16K | 24K/ | 48K/ | 60K
memory 32K | 60K
(byte) RAM 512 768 512 1K 512 1K 512 1K 2K 2K
Supply voltage Voo =2.7t05.5V

Minimum instruction execution 0.125 5 (16 MHz, when Voo =4.0t0 5.5 V)
time 0.24 15 (8.38 MHz, when Voo =3.3t0 55 V)
0.4 15 (5 MHz, when Voo =2.7t0 5.5 V)

Clock X1 input 2 to 16 MHz
RC 3t0 4 MHz (Voo = 2.7 t0 5.5 V) | -
Sub - 32.768 kHz
Ring-OSC 240 kHz (TYP.)
Port CMOS I/0 17 19 | 26 38 54
CMOS input 4 8
CMOS output 1
N-ch open-drain I/O - 4
Timer 16-bit (TMO) 1ch 2ch
8-bit (TM5) 2ch
8-bit (TMH) 1ch 2ch
Watch - lch
WDT 1ch
Serial 3-wire CSI™* 1ch 2ch
interface | Automatic transmit/ - 1ch

receive 3-wire CSI

UART™"*® - lch

UART supporting 1ch

LIN-bus
10-bit A/D converter 4ch 8 ch
Interrupt | External 6 7 8 9 9
Internal 11 12 15 15 16 19 20
Key return input - 4ch 8ch
Reset RESET pin Provided
POC 2.1V 0.1V (detection voltage fixed)
LVI 2.35V/2.6 V/2.85V/3.1 V/3.3V £0.15 V/3.5 V/3.7 VI3.9 V/4.1 V/4.3 V £0.2 V (selectable by software)
Clock monitor Provided
WDT Provided
Clock output/buzzer output - Clock output only | Provided
External bus interface - | Provided
Multiplier/divider - | 16 bits x 16 bits, 32 bits + 16 bits

ROM correction -

Provided | -

Self programming function Provided
On-chip debug function Function provided only in /PD78F0114HD, 78F0124HD, 78F0138HD, and 78F0148HD
Standby function HALT/STOP mode

Operating ambient temperature | -40 to +85°C

Note If the pin is an alternate-function pin, either function is selected for use.
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CHAPTER 1 INTRODUCTION
The function list of the 78K0/Kx1 is shown below.
Product Name 78KO0/KB1 78KO0/KC1 78K0/KD1 78KO/KE1 78KO/KF1
Item
Number of pins 30 pins 44 pins 52 pins 64 pins 80 pins
Internal | Mask ROM 8K |16K/| - | 8K/ |24K/| - |8K/|24K/| - |8K/|24K/| - |48K/| - |24K/|48K/
memory 24K 16K | 32K 16K | 32K 16K | 32K 60 K 32K |60 K
(byte) Flash memory - 24 K - 32K - 32K - 32K| - |60K - 60 K
RAM 512 768 512 1K 512 1K 512 1K 2K 1K 2K
Supply voltage Voo =2.7t05.5V
Minimum instruction execution 0.2 15 (10 MHz, when Voo =4.0t055V) | <REGC pin connected to Vop>
time 0.24 15 (8.38 MHz, when Voo =3.3t105.5V) | 0.2 s (10 MHz, when Voo = 4.0 to 5.5 V)
0.4 15 (5 MHz, when Voo = 2.7 t0 5.5 V) 0.24 15 (8.38 MHz, when Voo = 3.3t0 5.5 V)
0.4 15 (5 MHz, when Voo = 2.7 t0 5.5 V)
Clock X1 input 2 to 10 MHz
Sub - 32.768 kHz
RC -
Ring-OSC 240 kHz (TYP.)
Port CMOS 110 17 19 26 38 54
CMOS input 4 8
CMOS output 1
N-ch open-drain I/O - | 4
Timer 16-bit (TMO) lch 2ch | 1ch | 2ch
8-bit (TM5) lch | 2ch
8-bit (TMH) 2ch
Watch - ‘ 1ch
WDT 1lch
Serial 3-wire CSI™*® 1ch 2ch 1ch 2ch
interface | Automatic transmit/ - 1ch
receive 3-wire CSI
UART"*® - 1ch
UART supporting 1ch
LIN-bus
10-bit A/D converter 4ch 8ch
Interrupt | External 6 7 | 8 9 9
Internal 11 12 15 16 19 17 20
Key return input - 4 ch | 8ch
Reset RESET pin Provided
POC 2.85V +0.15 V/3.5 V +0.20 V (selectable by a mask option)
LVI 3.1V/3.3V +0.15 V/3.5 V/3.7 VI3.9 V/4.1 V/4.3 V 0.2 V (selectable by software)
Clock monitor Provided
WDT Provided
Clock output/buzzer output - Clock output Provided
Multiplier/divider - 16 bits x 16 bits, 32 bits + 16 bits
ROM correction - Provided -
Standby function HALT/STOP mode
Operating ambient temperature | Standard products, special grade (A) products: -40 to +85°C
Special grade (A1) products: —40 to +110°C (mask ROM version), -40 to +105°C (flash memory version)
Special grade (A2) products: -40 to +125°C (mask ROM version)
Note If the pin is an alternate-function pin, either function is selected for use.
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1.2 Features

24

O Minimum instruction execution time: 50 ns (operation at main clock (fxx) = 20 MHz)

O General-purpose registers: 32 bits x 32 registers

O CPU features:

O Memory space:

Signed multiplication (16 x 16 — 32): 1 to 2 clocks

(Instructions without creating register hazards can be continuously executed in parallel)
Saturated operations (overflow and underflow detection functions are included)

32-bit shift instruction: 1 clock

Bit manipulation instructions

Load/store instructions with long/short format

64 MB of linear address space

Memory block division function: 64 KB, 64 KB (Total of 2 blocks)

« Internal memory

#PD703208, 703208Y (Mask ROM: 64 KB/RAM: 4 KB)

1PD703209, 703209Y (Mask ROM: 96 KB/RAM: 4 KB)

1PD703210, 703210Y (Mask ROM: 128 KB/RAM: 6 KB)

#PD703211, 703211Y (Mask ROM: 256 KB/RAM: 12 KB)

HPD70F3210, 70F3210Y, 70F3210H, 70F3210HY (Flash memory: 128 KB/RAM: 6 KB)
HPD70F3211H, 70F3211HY (Flash memory: 256 KB/RAM: 12 KB)

* External bus interface

Multiplex bus output
8-/16-bit data bus sizing function
Wait function
* Programmable wait function
« External wait function
Idle state function
Bus hold function

O Interrupts and exceptions

O /0 lines:

Non-maskable interrupts: 3 sources
Maskable interrupts: 30 sources (¢PD703208, 703209, 703210, 70F3210, 70F3210H)
31 sources (1PD703208Y, 703209Y, 703210Y, 70F3210Y,
70F3210HY)
33 sources (1PD703211, 70F3211H)
34 sources (1PD703211Y, 70F3211HY)

Software exceptions: 32 sources
Exception trap: 1 source
Total: 67

O Key interrupt function

O Timer function

16-bit timer/event counter P: 1 channel (+/2D703211, 703211Y, 70F3211H, 70F3211HY only)
16-bit timer/event counter 0: 2 channels
8-bit timer/event counter 5: 2 channels
8-bit timer H: 2 channels
8-bit interval timer BRG: 1 channel
Watch timer/interval timer: 1 channel
Watchdog timers
Watchdog timer 1 (also usable as oscillation stabilization timer): 1 channel
Watchdog timer 2: 1 channel
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O Serial interface

Asynchronous serial interface (UART): 2 channels
3-wire serial I/O (CSI0): 2 channels
3-wire serial I/O (with automatic transmit/receive function) (CSIA): 1 channel
I’C bus interface (I°C): 1 channel

(1PD703208Y, 703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, 70F3211HY)
O A/D converter: 10-bit resolution x 8 channels
O Real-time output port: 6 bits x 1 channel
Standby functions: HALT/IDLE/STOP modes, subclock/sub-IDLE modes
ROM correction: 4 correction addresses specifiable

O OO

Clock generator
Main clock oscillation (fx)/subclock oscillation (fxT)
CPU clock (fcru) 7 steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)
Clock-through mode/PLL mode selectable
O Reset
- Reset by RESET pin
* Reset by overflow of watchdog timer 1 (WDTRES1)
* Reset by overflow of watchdog timer 2 (WDTRES2)
O Package: 80-pin plastic QFP (14 x 14)
80-pin plastic TQFP (fine pitch) (12 x 12)

1.3 Applications

O Automotive
« System control of body electrical system (power windows, keyless entry reception, etc.)
* Submicrocontroller of control system
O Home audio, car audio
O AV equipment
O PC peripheral devices (keyboards, etc.)
O Household appliances
* Outdoor units of air conditioners
* Microwave ovens, rice cookers
O Industrial devices
e Pumps
* Vending machines
e FA
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1.4 Ordering Information

(1) Standard products

Part Number Package Quality Grade
HPD703208GC-xxx-8BT 80-pin plastic QFP (14 x 14) Standard
HPD703208YGC-xxx-8BT 80-pin plastic QFP (14 x 14) Standard
HPD703208GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
LHPD703208YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
HPD703209GC-xxx-8BT 80-pin plastic QFP (14 x 14) Standard
HPD703209YGC-xxx-8BT 80-pin plastic QFP (14 x 14) Standard
HPD703209GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
HPD703209YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
HPD703210GC-xxx-8BT 80-pin plastic QFP (14 x 14) Standard
HPD703210YGC-xxx-8BT 80-pin plastic QFP (14 x 14) Standard
HPD703210GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
HPD703210YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
{PD703211GC-xxx-8BT""*® 80-pin plastic QFP (14x14) Standard
UPD703211YGC-xxx-8BT"* 80-pin plastic QFP (14x14) Standard
MuPD703211GK-xxx-9EU™"® 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
HPD703211YGK-xxx-9EU™"* 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD70F3210GC-8BT 80-pin plastic QFP (14 x 14) Standard
HPD70F3210YGC-8BT 80-pin plastic QFP (14 x 14) Standard
HPD70F3210GK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
HPD70F3210YGK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
MuPD70F3210HGC-8BT"" 80-pin plastic QFP (14 x 14) Standard
[PD70F3210HYGC-8BT""* 80-pin plastic QFP (14 x 14) Standard
UPD70F3210HGK-9EU™"* 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
MUPD70F3210HYGK-9EU™" 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
HPD70F3211HGC-8BT""® 80-pin plastic QFP (14 x 14) Standard
[PD70F3211HYGC-8BT™" 80-pin plastic QFP (14 x 14) Standard
MuPD70F3211HGK-9EU™" 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
HPD70F3211HYGK-9EU™* 80-pin plastic TQFP (fine pitch) (12 x 12) Standard

Note Under development

Remark xxx indicates ROM code suffix.

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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(2) (A) grade products

Part Number Package Quality Grade
HPD703208GC(A)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703208YGC(A)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703208GK(A)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703208YGK(A)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703209GC(A)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703209YGC(A)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703209GK(A)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703209YGK(A)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703210GC(A)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703210YGC(A)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703210GK(A)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703210YGK(A)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD70F3210GC(A)-8BT 80-pin plastic QFP (14 x 14) Special
HPD70F3210YGC(A)-8BT 80-pin plastic QFP (14 x 14) Special
HPD70F3210GK(A)-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD70F3210YGK(A)-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special

Remark xxx indicates ROM code suffix.

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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(3) (Al) grade products, (A2) grade products

Part Number Package Quality Grade
HPD703208GC(A1)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703208YGC(AL)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703208GK(A1)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703208YGK(AL)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703209GC(AL)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703209YGC(AL)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703209GK(A1)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703209YGK(A1)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703210GC(A1)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703210YGC(AL)-xxx-8BT 80-pin plastic QFP (14 x 14) Special
HPD703210GK(A1)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703210YGK(AL)-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HuPD703208GC(A2)-xxx-8BT"* 80-pin plastic QFP (14 x 14) Special
MuPD703208YGC(A2)-xxx-8BT"* 80-pin plastic QFP (14 x 14) Special
HPD703208GK(A2)-xxx-9EU""* 80-pin plastic TQFP (fine pitch) (12 x 12) Special
UPD703208YGK(A2)-xxx-9EU"" 80-pin plastic TQFP (fine pitch) (12 x 12) Special
MUPD703209GC(A2)-xxx-8BT"* 80-pin plastic QFP (14 x 14) Special
HPD703209YGC(A2)-xxx-8BT""* 80-pin plastic QFP (14 x 14) Special
UPD703209GK(A2)-xxx-9EU""* 80-pin plastic TQFP (fine pitch) (12 x 12) Special
MUPD703209YGK(A2)-xxx-9EU™®  80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703210GC(A2)-xxx-8BT"" 80-pin plastic QFP (14 x 14) Special
MuPD703210YGC(A2)-xxx-8BT"* 80-pin plastic QFP (14 x 14) Special
HUPD703210GK(A2)-xxx-9EU""* 80-pin plastic TQFP (fine pitch) (12 x 12) Special
HPD703210YGK(A2)-xxx-9EU""* 80-pin plastic TQFP (fine pitch) (12 x 12) Special

Note Under development

Remark xxx indicates ROM code suffix.

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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1.5 Pin Configuration (Top View)

80-pin plastic QFP (14 x 14)

80-pin plastic TQFP (fine pitch) (12 x 12)

HUPD703208GC-xxx-8BT
HPD703208YGC-xxx-8BT
HPD703208GK-xxx-9EU
HPD703208YGK-xxx-9EU
HPD703209GC-xxx-8BT
HPD703209YGC-xxx-8BT
HUPD703209GK-xxx-9EU
HPD703209YGK-xxx-9EU
HPD703210GC-xxx-8BT
HUPD703210YGC-xxx-8BT
HPD703210GK-xxx-9EU
HPD703210YGK-xxx-9EU
HUPD703211GC-xxx-8BT
HPD703211YGC-xxx-8BT
H#PD703211GK-xxx-9EU
HUPD703211YGK-xxx-9EU
HPD70F3210GC-8BT
HPD70F3210YGC-8BT
HMPD70F3210GK-9EU
HPD70F3210YGK-9EU
HPD70F3210HGC-8BT
MPD70F3210HYGC-8BT
HPD70F3210HGK-9EU

UPD70F3210HYGK-9EU
(PD70F3211HGC-8BT
UPD70F3211HYGC-8BT
UPD70F3211HGK-9EU
UPD70F3211HYGK-9EU
UPD703208GC(A)-xxx-8BT
UPD703208YGC(A)-xxx-8BT
UPD703208GK(A)-xxx-9EU
UPD703208YGK(A)-xxx-9EU
(PD703209GC(A)-xxx-8BT
1PD703209YGC(A)-xxx-8BT
UPD703209GK(A)-xxx-9EU
UPD703209YGK(A)-xxx-9EU
UPD703210GC(A)-xxx-8BT
UPD703210YGC(A)-xxx-8BT
(PD703210GK(A)-xxx-9EU
1PD703210YGK(A)-xxx-9EU
UPD70F3210GC(A)-8BT
UPD70F3210YGC(A)-8BT
1PD70F3210GK(A)-9EU
UPD70F3210YGK(A)-9EU
UPD703208GC(AL)-xxx-8BT
1PD703208YGC(AL)-xxx-8BT
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UPD703208GK(A1)-xxx-9EU
(PD703208YGK(AL)-xxx-9EU
(PD703209GC(AL)-xxx-8BT
(PD703209YGC(A1)-xxx-8BT
(PD703209GK(A1)-xxx-9EU
(PD703209YGK(AL)-xxx-9EU
(PD703210GC(AL)-xxx-8BT
(PD703210YGC(AL)-xxx-8BT
(PD703210GK(A1L)-xxx-9EU
(PD703210YGK(AL)-xxx-9EU
(PD703208GC(A2)-xxx-8BT
(PD703208YGC(A2)-xxx-8BT
UPD703208GK(A2)-xxx-9EU
(PD703208YGK(A2)-xxx-9EU
(PD703209GC(A2)-xxx-8BT
(PD703209YGC(A2)-xxx-8BT
(PD703209GK(A2)-xxx-9EU
(PD703209YGK(A2)-xxx-9EU
(PD703210GC(A2)-xxx-8BT
(PD703210YGC(A2)-xxx-8BT
(PD703210GK(A2)-xxx-9EU
(PD703210YGK(A2)-xxx-9EU
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Notes 1. IC pin: Connect directly to Vss (uPD703208, 703208Y, 703209, 703209Y, 703210, 703210Y,
703211, 703211Y).
Vpp pin: Connect to Vss in normal operation mode (¢/PD70F3210, 70F3210Y).
FLMDO pin: Connect to Vss in normal operation mode (¢/PD70F3210H, 70F3210HY, 70F3211H,
70F3211HY).
FLMD1 pin: Used only in the 4/PD70F3210H, 70F3210HY, 70F3211H, and 70F3211HY.
2. When using a regulator, connect the REGC pin to Vss via a 10 4F capacitor.

When not using a regulator, connect the REGC pin directly to Vob.

3. The TIPOO, TOPOQO, TIPO1, and TOPO1l pins can be used only in the pPD703211, 703211Y,
70F3211H, and 70F3211HY.
4. The SCLO and SDAO pins can be used only in the x/PD703208Y, 703209Y, 703210Y, 703211Y,

70F3210Y, 70F3210HY, and 70F3211HY.

Caution Make EVobp the same potential as Vop.
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Pin identification
ADO to AD15: Address/data bus REGC: Regulator control
ANIO to ANI7: Analog input RESET: Reset
ASCKO: Asynchronous serial clock RTPOO to RTPO5: Real-time output port
ASTB: Address strobe RXDO0, RXD1: Receive data
AVReFo: Analog reference voltage SCKO00, SCKO1,
AVss: Ground for analog SCKAO: Serial clock
CLKOUT: Clock output SCLO: Serial clock
CSo, CSt1: Chip select SDAO: Serial data
EVob: Power supply for port SI00, SIof,
EVss: Ground for port SIAQ: Serial input
FLMDO, FLMD1 Flash programming mode S0O00, SO01,
HLDAK: Hold acknowledge SOAO: Serial output
HLDRQ: Hold request TI000, TI001,
IC: Internally connected TI010, TIO11,
INTPO to INTP6: External interrupt input TI50, TI51,
KRO to KR7: Key return TIPQO, TIPO1: Timer input
NMI: Non-maskable interrupt request TOO00 to TOO1,
P00 to PO6: Port 0 TO50, TO51,
P30 to P35, P38, P39: Port 3 TOHO, TOH1,
P40 to P42: Port 4 TOPOO, TOPO1: Timer output
P50 to P55: Port 5 TXDO, TXD1: Transmit data
P70 to P77: Port 7 Vob: Power supply
P90, P91, P96 to P99, Vpp: Programming power supply
P913 to P915: Port 9 Vss: Ground
PCMO to PCM3: Port CM WAIT: Wait
PCSO0, PCS1: Port CS WRO: Lower byte write strobe
PCTO, PCT1, WRT: Upper byte write strobe
PCT4, PCT6: Port CT X1, X2: Crystal for main clock
PDLO to PDL15: Port DL XT1, XT2: Crystal for subclock
RD: Read strobe

User's Manual U16891EJ1VOUD
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1.6 Function Block Configuration

(1) Internal block diagram

Notes 1.

3.

4,

5. IC:
Vpp:

uPD703208, 703208Y:
uPD703209, 703209Y:
uPD703210, 703210Y:
uPD703211, 703211Y:
u#PD70F3210, 70F3210Y, 70F3210H, 70F3210HY:
#PD70F3211H, 70F3211HY:
2. uPD703208, 703208Y, 703209, 703209Y:
uPD703210, 703210Y, 70F3210, 70F3210Y, 70F3210H, 70F3210HY:
#PD703211, 703211Y, 70F3211H, 70F3211HY:
Only in the 4PD703211, 703211Y, 70F3211H, 70F3211HY
Only in the xPD703208Y, 703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, 70F3211HY

NMI —
INTC
INTPO to INTP6 > ROM CPU
[ -
; Instruction
16-bit
TI000, TI0O1, TIO10, TIO11 = . 16Dt Note 1 | PC queve
TOO0, TOO1 <—jcounter 0: 2. ch +— HLDRQ
32-bit barrel Multiplier TTRAK
— RAM shifter  |[—16x 16 — 32 1= HLDAK
TIPOO, TIPO1Nete3 =] 16-bit timer/ } ~ ASTB
event counter il
TOPOO, TOPQ{Nete3 |~ phote3. { ¢y Note2 [<lof|  System BCU [t~ RD
: registers - | - W
TI50, TIs1 > . 8bit General-purpose WRO0, WRH1
timer/event |K°] registers —
TO50, TO51 <—{counter 5: 2 ch ROM 32 bits x 32 CSo, CS1
correction |<—| f > ADO to AD15
8-bit timer H:
TOHO, TOH1 <] 2 ch <> @
S
S000, S001 < @ @ ﬁ
8100, Slo1 == Cslo: 2¢h (=1 || Port | AD |-~ cLkouT
SCK00, SCK01 < comverter L i
PLL
SOAO Hﬁﬁ@HUﬁHHH X2
CG
SIAO C{CSIATch K= @ @ 7 @ 2 k89 g8 U ~— XT1
SCKAD <= jegsesdLis L - xr2
a .o e L 2 2 g 8 i2>
Note 4 L F—r 8 2 ° ‘,3 8 g 8 8 ; < <
SDA0Q -~ S oo ad o g 0o < o
2(~Note 4 e O O ) o]
poveet ronke=f (3 & & 3 & 8 py
SCLONote 4 ~a—n] o I‘:— o § % g
i o 3
TXDO, TXD1 <] - Qo o
RXDO, RXD1 C—>| UART: 2 ch k= e & =1 Regulator Voo
ASCKO —= o > O
o
s D
S [
Wara Key interrup? \/ppNote 5/|CNote 5/F| \jDQNote 5
atchdog
timer-2¢ch [<~] [~ function <— KRO to KR7 —— FLMD1Netes
— EVop
RTPOO to RTP05 <—| RTO:1ch K=| [= Watch timer \E/VSS
— Vss

64 KB (mask ROM)
96 KB (mask ROM)
128 KB (mask ROM)
256 KB (mask ROM)

128 KB (flash memory)

256 KB (flash memory)

4 KB
6 KB
12 KB

uPD703208, 703208Y, 703209, 703209Y, 703210, 703210Y, 703211, 703211Y
uPD70F3210, 70F3210Y

FLMDO, FLMD1: #PD70F3210H, 70F3210HY, 70F3211H, 70F3211HY
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(2) Internal units

@)

(b)

()

(d)

(e)

()

(@)

CPU

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

Other dedicated on-chip hardware, such as a multiplier (16 bits x 16 bits - 32 bits) and a barrel shifter
(32 bits) help accelerate complex processing.

Bus control unit (BCU)

The BCU starts a required external bus cycle based on the physical address obtained by the CPU.

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

ROM

This consists of a 256 KB, 128 KB, 96 KB, or 64 KB mask ROM or flash memory mapped to the address
spaces from 0000000H to 003FFFFH, 0000000H to 001FFFFH, 0000000H to 0017FFFH, or 0000000H to
000FFFFH, respectively.

ROM can be accessed by the CPU in one clock cycle during instruction fetch.

RAM

This consists of a 12 KB, 6 KB, or 4 KB RAM mapped to the address spaces from 3FFCOOOH to
3FFEFFFH, 3FFD800H to 3FFEFFFH, or 3FFEO0OH to 3FFEFFFH, respectively.

RAM can be accessed by the CPU in one clock cycle during data access.

Interrupt controller (INTC)

This controller handles hardware interrupt requests (NMI, INTPO to INTP6) from on-chip peripheral
hardware and external hardware. Eight levels of interrupt priorities can be specified for these interrupt
requests, and multiplexed servicing control can be performed.

Clock generator (CG)

A main clock oscillator and subclock oscillator are provided and generate the main clock oscillation
frequency (fx) and subclock frequency (fxt), respectively.

There are two modes: In the clock-through mode, fx is used as the main clock frequency (fxx) as is. In
the PLL mode, fx is used multiplied by 4.

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

Timer/counter

Two 16-bit timer/event counter 0 channels, one 16-bit timer/event counter P channel™®, and two 8-bit
timer/event counter 5 channels are incorporated, enabling measurement of pulse intervals and frequency
as well as programmable pulse output.

Two 8-bit timer/event counter 5 channels can be connected in cascade to configure a 16-bit timer.

Two 8-bit timer H channels enabling programmable pulse output are provided on chip.

Note wPD703211, 703211Y, 70F3211H, 70F3211HY only
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34

(h)

0]

)

(k)

(N

(m)

(n)

Watch timer
This timer counts the reference time (0.5 seconds) for counting the clock from the subclock (32.768 kHz)
or fere (32.768 kHz) from the clock generator. At the same time, the watch timer can be used as an
interval timer.

Watchdog timer

Two watchdog timer channels are provided on chip to detect program loops and system abnormalities.
Watchdog timer 1 can be used as an interval timer. When used as a watchdog timer, it generates a non-
maskable interrupt request signal (INTWDT1) or system reset signal (WDTRES1) after an overflow occurs.
When used as an interval timer, it generates a maskable interrupt request signal (INTWDTM1) after an
overflow occurs.

Watchdog timer 2 operates by default following reset release.

It generates a non-maskable interrupt request signal (INTWDT2) or system reset signal (WDTRES2) after
an overflow occurs.

Serial interface (SIO)
The V850ES/KF1 includes four kinds of serial interfaces: an asynchronous serial interface (UARTN), a
clocked serial interface (CSIOn), a clocked serial interface with an automatic transmit/receive function
(CSIAD), and an I°’C bus interface (I°C0). The gPD703208, 703209, 703210, 703211, 70F3210,
70F3210H, and 70F3211H can simultaneously use up to five channels, and the £PD703208Y, 703209Y,
703210Y, 703211Y, 70F3210Y, 70F3210HY, and 70F3211HY up to six channels.

For UARTN, data is transferred via the TXDn and RXDn pins.

For CSIOn, data is transferred via the SOOn, SIOn, and SCKON pins.

For CSIAO, data is transferred via the SOAO, SIAO, and SCKAO pins.

For I’C0, data is transferred via the SDAO and SCLO pins.

I’CO is provided only in the £ZPD703208Y, 703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, and

70F3211HY.

Remark n=0,1

A/D converter
This high-speed, high-resolution 10-bit A/D converter includes 8 analog input pins. Conversion is
performed using the successive approximation method.

ROM correction
This function is used to replace part of a program in the mask ROM with that contained in the internal
RAM. Up to four correction addresses can be specified.

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

Real-time output function

This function transfers 6-bit data set beforehand to output latches upon occurrence of a timer compare
register match signal.

A 1-channel 6-bit data real-time output function is provided on chip.

User's Manual U16891EJ1VOUD



CHAPTER 1 INTRODUCTION

(o) Ports
As shown below, the following ports have general-purpose port functions and control pin functions.
Port 110 Alternate Function
PO 7-bit 110 NMI, external interrupt, timer output
P3 8-bit 110 Serial interface, timer 1/0
P4 3-bit I/O0 Serial interface
P5 6-bit 110 Serial interface, timer /O, key interrupt function, real-time output function
pP7 8-bit input A/D converter analog input
P9 9-bit 110 Serial interface, timer 1/O, external interrupt, key interrupt function
PCM 4-bit I/O0 External bus control signal
PCS 2-bit 110 Chip select output
PCT 4-bit 110 External bus control signal
PDL 16-bit I/0 External address/data bus
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1.7 Overview of Functions

area

Part Number 1PD703208/ 4#PD703209/ 4PD703210/ | xPD70F3210/ | 4PD70F3210H/ | PD703211/ | 4PD70F3211H/
uPD703208Y | 4PD703209Y | xPD703210Y | #PD70F3210Y |PD70F3210HY | PD703211Y |PD70F3211HY
Internal ROM 64 KB 96 KB 128 KB 128 KB 128 KB 256 KB 256 KB
memory (two-power (single-power (single-power
flash memory) | flash memory) flash memory)
High-speed RAM 4 KB 6 KB 12 KB

Buffer RAM 32 bytes
Memory | Logical space 64 MB
space External memory 128 KB

External bus interface

Address bus: 16 bits
Data bus: 8/16 bits
Multiplex bus mode

General-purpose registers

32 bits x 32 registers

Main clock Ceramic/crystal/external clock
(oscillation frequency) When PLL not used 210 10 MHZ**% 2.7 10 5.5 V
When | REGC pin Standard products, (A) grade products: 2to 5 MHz: 4.5t05.5V, 2t0 4 MHz: 4.0 to 5.5
PLL connected V,2t025MHz: 2.7t0 5.5V
used directly to Voo (A1) grade products: 2to 5 MHz: 4.5t0 5.5V, 2t0o 4 MHz: 4.0t0 5.5 V,
2t0 3MHz: 3.5t05.5V
(A2) grade products: 2t0 4 MHz: 4.0t0 5.5V, 2to 3 MHz: 3.5t0 5.5V
10 uF capacitor | Standard products, (A) grade products, (A1) grade products, (A2) grade products: 2 to
connected to 4MHz:40t05.5V
REGC pin
Subclock Crystal/external clock
(oscillation frequency) (32.768 kHz)
Minimum instruction 50 ns (When main clock operated at (fxx) = 20 MHz)
execution time
DSP function 32 x 32 = 64: 200 to 250 ns (at 20 MHz)
32 x 32 + 32 =32: 300 ns (at 20 MHz)
16 x 16 = 32: 50 to 100 ns (at 20 MHz)
16 x 16 + 32 = 32: 150 ns (at 20 MHz)
1/0 ports 67
e Input: 8
¢ |/O: 59 (among these, N-ch open-drain output selectable: 6, fixed to N-ch open-drain output: 2)
Timer 16-bit timer/event counter 0: 2 channels 16-bit timer/event counter P:

8-bit timer/event counter 5: 2 channels 1 channel

(16-bit timer/event counter: usable as 1 channel)
8-bit timer H: 2 channels

Watch timer: 1 channel

8-bit interval timer: 1 channel

Watchdog timer: 2 channels

Real-time output port

4 bits x 1, 2 bits x 1, or 6 bits x 1

A/D converter

10-bit resolution x 8 channels

Serial interface

CSI: 2 channels

CSIA (with automatic transmit/receive function): 1 channel
UART: 2 channels

I’C bus: 1 channel™*?

Dedicated baud rate generator: 2 channels

Interrupt sources

External: 9 (9)"*°°, internal: 25/26"°* External: 9 (9)"°?,

internal: 28/29"***

Power save function

STOP/IDLE/HALT

Operating supply voltage

Standard products, (A) grade products: 4.5 to 5.5 V (at 20 MHz)/4.0 to 5.5 V (at 16 MHz)/2.7 to 5.5 V (at 10 MHz)
(A1) grade products (mask version only): 4.5t0 5.5 V (at 20 MHz)/4.0 to 5.5 V (at 16 MHz)/3.5t0 5.5 V (at 12 MHz)
(A2) grade products (mask version only): 4.0 to 5.5 V (at 16 MHz)/3.5 to 5.5 V (at 12 MHz)

Package 80-pin plastic QFP (14 x 14 mm)
80-pin plastic TQFP (fine pitch) (12 x 12 mm)
Notes 1. Inthe xPD703211, 703211Y, 70F3210H, 70F3210HY, 70F3211H, 70F3211HY: 2 to 8 MHz (these values

may change after evaluation)

2. Only in products with an I°C bus (Y products).

3. The figure in parentheses indicates the number of external interrupts for which STOP mode can be

released.
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CHAPTER 2 PIN FUNCTIONS

The names and functions of the pins of the V850ES/KF1 are described below, divided into port pins and non-port
pins.

The pin 1/O buffer power supplies are divided into two systems; AVrero and EVop. The relationship between these
power supplies and the pins is shown below.

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

Power Supply Corresponding Pins
AVREerFo Port 7
EVop RESET, ports 0, 3t0 5, 9, CM, CS, CT, DL
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CHAPTER 2 PIN FUNCTIONS

2.1 List of Pin Functions

(1) Port pins

(1/2)
Pin Name | Pin No. 1/0 On-Chip Function Alternate Function
Pull-up Resistor

P00 3 110 Yes Port 0 TOHO
PO1 4 /O port TOH1

Input/output can be specified in 1-bit units.
P02 5 NMI
P03 6 INTPO
P04 7 INTP1
P05 17 INTP2
P06 18 INTP3
P30 22 I/0 Yes Port 3 TXDO
P31 23 /O port RXDO

Input/output can be specified in 1-bit units.
P32 24 P38 and P39 are fixed to N-ch open-drain ASCKO
P33 25 output. TI000/TO00/TIPO0"*?/

TOPOOQ"*?

P34 26 TIO01/TIPO1™"**TOPO1""*?
P35 27 TI010/TO01
P38 28 No™** SDAQ™**
P39 29 scLo™*?
P40 19 I/0 Yes Port 4 SI00
P41 20 /G port S000

Input/output can be specified in 1-bit units. p—
pa2 2t P41 and P42 can be specified as N-ch open- SCKoo

drain output in 1-bit units.
P50 32 I/0 Yes Port 5 TI011/RTPO0/KRO
P51 33 /O port TISO/RTPO1/KR1

) 3 Input/output can be specified in 1-bit units. 050/ 02/KR2

PS 4 P54 and P55 can be specified as N-ch open- TOSO/RTPO2/KR
P53 35 drain output in 1-bit units. SIAO/RTPO3/KR3
P54 36 SOAO/RTP04/KR4
P55 37 SCKAO/RTP05/KR5
P70 80 Input No Port 7 ANIO
P71 79 Input port ANI1
P72 78 ANI2
P73 77 ANI3
P74 76 ANI4
P75 75 ANI5S
P76 74 ANI6
P77 73 ANI7

Notes 1. An on-chip pull-up resistor can be provided by a mask option (only in the mask ROM versions).
2. Onlyin the #PD703211, 703211Y, 70F3211H, 70F3211HY
3. Only in products with an I°C bus (Y products)
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(2/2
Pin Name | Pin No. 1/0 On-Chip Function Alternate Function
Pull-up Resistor

P90 38 /0 Yes Port 9 TXD1/KR6
Pt 39 :/n(;))L?t;)orLtput can be specified in 1-bit units. RXD1/KR7
P96 40 P98 and P99 can be specified as N-ch open- | TI51/TO51
P97 41 drain output in 1-bit units. Sl01
P98 42 SO01
P99 43 SCKO1
P913 44 INTP4
P914 45 INTP5
P915 46 INTP6
PCMO 49 /0 No Port CM ‘WAIT
PCM1 | 50 /O port CLKOUT
PCM2 51 Input/output can be specified in 1-bit units. NIDAK
PCM3 52 HLDRQ
PCS0 47 /0 No Port CS Cso

1/0O port —
PCST 48 Input/output can be specified in 1-bit units. Cs1
PCTO 53 110 No Port CT WRO
PCT1 | 54 VO port WR1
PCT4 55 Input/output can be specified in 1-bit units. 7D
PCT6 56 ASTB
PDLO 57 /0 No Port DL ADO
PDL1 58 /0 port AD1
PDL2 59 Input/output can be specified in 1-bit units. AD2
PDL3 60 AD3
PDL4 61 AD4
PDL5 62 AD5/FLMD1"*
PDL6 63 AD6
PDL7 64 AD7
PDL8 65 AD8
PDL9 66 AD9
PDL10 67 AD10
PDL11 68 AD11
PDL12 69 AD12
PDL13 70 AD13
PDL14 71 AD14
PDL15 | 72 AD15

Note Only in the xPD70F3210H, 70F3210HY, 70F3211H, 70F3211HY
User's Manual U16891EJ1VOUD 39
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(2) Non-port pins

(1/3)
Pin Name | Pin No. 110 On-Chip Function Alternate Function
Pull-up Resistor
ADO 57 110 No Address/data bus for external memory PDLO
AD1 58 PDL1
AD2 59 PDL2
AD3 60 PDL3
AD4 61 PDL4
AD5 62 PDL5/FLMD1"**
AD6 63 PDL6
AD7 64 PDL7
AD8 65 PDL8
AD9 66 PDL9
AD10 67 PDL10
AD11 68 PDL11
AD12 69 PDL12
AD13 70 PDL13
AD14 71 PDL14
AD15 72 PDL15
ANIO 80 Input No Analog voltage input for A/D converter P70
ANI1 79 P71
ANI2 78 P72
ANI3 77 P73
ANI4 76 P74
ANI5 75 P75
ANI6 74 P76
ANI7 73 P77
ASCKO 24 Input Yes UARTO serial clock input P32
ASTB 56 Output | No Address strobe signal output for external PCT6
memory
AVrero 1 - - Reference voltage for A/D converter and positive -
power supply for alternate-function ports
AVss 2 - - Ground potential for A/D converter -
CLKOUT |50 Output | No Internal system clock output PCM1
CS0 47 Output | No Chip select output PCS0
Cs1 48 PCS1
EVop 31 - - Positive power supply for external -
EVss 30 - - Ground potential for external -
FLMDO™"*"| 8 - - Flash programming mode setting pin -
FLMD1""*!| 62 PDL5/AD5
HLDAK 51 Output | No Bus hold acknowledge output PCM2
m 52 Input No Bus hold request input PCM3
|choe? 8 - - Internally connected -

Notes 1. Only in the zPD70F3210H, 70F3210HY, 70F3211H, 70F3211HY
2. Only in the mask ROM versions

40

User's Manual U16891EJ1VOUD



CHAPTER 2 PIN FUNCTIONS

(2/3)
Pin Name | Pin No. 1/0 On-Chip Function Alternate Function
Pull-up Resistor
INTPO 6 Input Yes External interrupt request input PO3
INTP1 7 (maskable, analog noise elimination) P04
INTP2 17 P05
INTP3 18 P06
INTP4 44 P913
INTP5 45 P914
INTP6 46 P915
KRO 32 Input Yes Key return input P50/TI011/RTPOO
KR1 33 P51/TI50/RTPO1
KR2 34 P52/TO50/RTP02
KR3 35 P53/SIA0/RTP0O3
KR4 36 P54/SOAO0/RTP04
KRS 37 P55/SCKAO/RTPOS
KR6 38 P90/TXD1
KR7 39 P91/RXD1
NMI 5 Input Yes External interrupt input P02
(non-maskable, analog noise elimination)
RD 55 Output | No Read strobe signal output for external memory | PCT4
REGC 10 - - Connecting capacitor for regulator output -
stabilization
RESET 14 Input — System reset input —
RTPOO 32 Output | Yes Real-time output port P50/T1011/KRO
RTPO1 33 P51/TI50/KR1
RTPO2 34 P52/TO50/KR2
RTPO3 35 P53/SIA0/KR3
RTPO4 36 P54/SOAO0/KR4
RTPO5 |37 P55/SCKAO/KR5
RXDO 23 Input Yes Serial receive data input for UARTO P31
RXD1 39 Serial receive data input for UART1 P91/KR7
SCKO00 21 110 Yes Serial clock /O for CSI00, CSI01, CSIAO P42
SCKO1 43 N-ch open-drain output can be specified in 1- P99
SCKAO 42 bitunits. P55/RTPO5/KR5
SCLO™** | 29 110 No"™*? Serial clock 1/O for 1°CO P39
Fixed to N-ch open-drain output
SDAQ™"*! | 28 1/0 No"*? Serial transmit/receive data I/O for I°CO P38
Fixed to N-ch open-drain output
SI00 19 Input Yes Serial receive data input for CSI00 P40
SI01 41 Serial receive data input for CSI01 P97
SIAO 35 Serial receive data input for CSIAO P53/RTPO3/KR3
Notes 1. Only in products with an I°C bus (Y products)
2. An on-chip pull-up resistor can be provided by a mask option (only in the mask ROM versions).
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(3/3)
Pin Name | Pin No. 1/0 On-Chip Function Alternate Function
Pull-up Resistor
SO00 20 Output | Yes Serial transmit data output for CSI100, CSI01, P41
S001 42 CSIAO P98
N-ch open-drain output can be specified in 1-
SOAO0 36 N P54/RTP04/KR4
bit units.
TI000 25 Input | Yes Capture trigger input/external event input for TM0O | P33/TO00/TIP00"**/TOP00""**
TI001 26 Capture trigger input for TM0O P34/TIP01""*YTOPO1""*
TI010 27 Capture trigger input/external event input for TMO1 | P35/TO01
TIO11 32 Capture trigger input for TM01 P50/RTPO0/KRO
TI50 33 External event input for TM50 P51/RTPO1/KR1
TI51 40 External event input for TM51 P96/TO51
TIPOO™ " | 25 Capture trigger input/external event P33/T1000/TO00/TOPOQ""*
input/external clock input for TMPO
TIPO1™"*" | 26 Capture trigger input P34/T1001/TOPO1""*
TOO00 25 Output | Yes Timer output for TM0O P33/T1000/TIP00"**/TOP0O""*"
TOO01 27 Timer output for TMO1 P35/T1010
TO50 34 Timer output for TM50 P52/RTP02/KR2
TO51 40 Timer output for TM51 P96/T151
TOHO 3 Timer output for TMHO P00
TOH1 4 Timer output for TMH1 PO1
TOP00""**| 25 Timer output for TMPO P33/T1000/TO00/TIP0OQ""*
TOPO1"™**| 26 P34/T1001/TIPO1™**
TXDO 22 Output | Yes Serial transmit data output for UARTO P30
TXD1 38 Serial transmit data output for UART1 P90/KR6
Vop 9 - - Positive power supply pin for internal -
Vep'? 8 - - High-voltage application pin for program -
write/verify
Vss 11 - - Ground potential for internal -
WAIT 49 Input No External wait input PCMO
WRO 53 Output | No Write strobe for external memory (lower 8 bits) | PCTO
WR1 54 Write strobe for external memory (higher 8 bits) | PCT1
X1 12 Input No Connecting resonator for main clock -
X2 13 - No -
XT1 15 Input No Connecting resonator for subclock -
XT2 16 - No -

Notes 1. Onlyinthe #PD703211, 703211Y, 70F3211H, 70F3211HY
2. Onlyin the xPD70F3210, 70F3210Y
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2.2 Pin Status

The address bus becomes undefined during accesses to the internal RAM and ROM. The data bus goes into the
high-impedance state without data output. The external bus control sighal becomes inactive.

During peripheral I/O access, the address bus outputs the addresses of the on-chip peripheral I/Os that are
accessed. The data bus goes into the high-impedance state without data output. The external bus control signal
becomes inactive.

Table 2-2. Pin Operation Status in Operation Modes

Operating Status Reset""*! HALT Mode IDLE Mode/ Idle State™*? Bus Hold
Pin STOP Mode
ADO to AD15 (PDLO to PDL15) Hi-Z Undefined Hi-Z Held Hi-Z
WAIT (PCMO) Hi-z - - - -
CLKOUT (PCM1) Hi-Zz Operating L Operating Operating
€S0, CS1 (PCS0, PCS1) Hi-z H H Held Hi-z
WRO, WR1 (PCTO, PCT1) Hi-Z H H H Hi-Z
RD (PCT4) Hi-Z H H H Hi-Z
ASTB (PCT6) Hi-Z H H H Hi-Z
HLDAK (PCM2) Hi-Z Operating H H L
m (PCM3) Hi-Z Operating - - Operating

Notes 1. Since the bus control pin is also used as a port pin, it is initialized to the port mode (input) after reset.
2. The pin statuses in the idle state inserted after the T3 state are listed.

Remark Hi-Z: High impedance
H:  High-level output
L: Low-level output
— Input without sampling (input acknowledgment not possible)
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

(1/2)
Pin Alternate Function Pin No. 1/0O Circuit Type Recommended Connection
P00 TOHO 3 5-A Input: Independently connect to EVoo or EVss
PO1 TOH1 4 via a resistor.
o2 NMI 5 W Output: Leave open.
P03 to P06 INTPO to INTP3 6,7,17,18
P30 TXDO 22 5-A
P31 RXDO 23 5-W
P32 ASCKO 24
P33 TI000/TO0O/TIPOO™*/TOPOO™" " | 25
P34 TIO01/TIPO1"™"* yTOPO1™"* 26
P35 T1010/TOO01 27
P38 SDAQ"™*? 28 13-AE
P39 SCLO™*? 29
P40 SI00 19 5-W
P41 SO00 20 10-E
P42 SCKO00 21 10-F
P50 TI011/RTPO0/KRO 32 8-A
P51 TI50/RTPO1/KR1 33
P52 TOS50/RTP02/KR2 34
P53 SIAO/RTP0O3/KR3 35
P54 SOAO0/RTP04/KR4 36 10-A
P55 'SCKAO/RTPO5/KR5 37
P70 to P77 ANIO to ANI7 80to 73 9-C Connect to AVrero or AVss.
P90 TXD1/KR6 38 8-A Input: Independently connect to EVoo or EVss
P91 RXD1/KR7 39 via a resistor.
P96 TI51/TO51 40 8-A Output: Leave open.
P97 SI01 41 5-W
P98 S0O01 42 10-E
P99 SCKO01 43 10-F
P913 to P915 INTP4 to INTP6 44 10 46 5-W
PCMO WAIT 49 5
PCM1 CLKOUT 50
PCM2 HLDAK 51
PCM3 HLDRQ 52
PCSO0, PCS1 | CSO, CS1 47,48 5
PCTO, PCT1 | WRO, WR1 53, 54 5
PCT4 RD 55
PCT6 ASTB 56

Notes 1. Onlyinthe £PD703211, 703211Y, 70F3211H, 70F3211HY

2. Only in products with an I°C bus (Y products)
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(2/2)
Pin Alternate Function Pin No. I/O Circuit Type Recommended Connection

PDLO to PDL4 | ADO to AD4 57 to 61 5 Input: Independently connect to EVop or EVss

PDL5 ADS5/FLMD1""** 62 via a resistor.

PDL6 to PDL15 | AD6 to AD15 63 t0 72 Output: Leave open.

AVREFo - 1 - Directly connect to Voo.

AVss - 2 — —

EVop - 31 - -

EVss - 30 - -

FLMDOQ"™"** - 8 - Connect to Vss in normal operation mode.

IcMe? - 8 - Directly connect to EVss or Vss or pull down
with a 10 kQ resistor.

RESET - 14 2 -

Vep'? - 8 - Directly connect to EVss or Vss or pull down
with a 10 kQ resistor.

Vb — 9 - -

Vss — 11 - -

X1 — 12 - —

X2 — 13 - -

XT1 - 15 16 Directly connect to Vss'"**.

XT2 - 16 16 Leave open.

Notes 1. Only in the £/PD70F3210H, 70F3210HY, 70F3211H, 70F3211HY

2. Only in the £PD703208, 703208Y, 703209, 703209Y, 703210, 703210Y, 703211, 703211Y
3. Only in the 4PD70F3210, 70F3210Y
4. Be sure to set the PSMR.XTSTP bit to 1 when this pin is not used.
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CHAPTER 2 PIN FUNCTIONS

2.4 Pin I/O Circuits

46

(2/2)
Type 2 Type 8-A VoD
Pull-up
enable Do—l P-ch
Vob
IN
IN/OUT
Output N-ch
Schmitt-triggered input with hysteresis characteristics disable
o{}
Type 5 Type 9-C
Vop
Data — P-ch ——
:D—l P-ch Comparator
IN O—
—O IN/OUT
Output N-ch
disable AVrero (threshold voltage)
Input <—OG—‘7 Input enable
enable
Type 5-A Voo Type 10-A Vb
Pull-up
Pull-up I>o = pch enable Do—l P-ch
enable | <
Vob Vop
Data :D—' P-ch Data 4<:D3_| P-ch
IN/OUT
i IN/OUT
Output N-ch Open drain \ech
disable Output
disable
enable
Type 5-W Voo Type 10-E Voo
Pull-up Pull-up |
enable >0 H P-ch enable >0 [ P-ch
Voo
Vob
Data ——
Data ———¢——{ Y, [+ pocn [ {f-P-en
IN/OUT
IN/OUT | Open drain
N-ch
Output N-ch Output
disable disable
T L R
Input Input
enable enable
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(2/12)
Type 10-F Vop Type 16
Pull-up | ]
enable >0 | Feedbj:i cut-off
T T
Data 4.:DD_| P-ch {>O
IN/OUT
Open drain
Output N-ch
disable 4 5
XT1 XT2
(L
Input
enable
Type 13-AE v
DD
-1

Mask é
option
1

disable

<—CC'IH
Input

enable

Data
Output E )O—l% N-ch
Vss

»—4—0O IN/OUT

Remark Read Vob as EVob. Also, read

Vss as EVss.

User's Manual U16891EJ1VOUD

47



CHAPTER 3 CPU FUNCTIONS

The CPU of the V850ES/KF1 is based on the RISC architecture and executes most instructions in one clock cycle
by using 5-stage pipeline control.

3.1 Features

48

O O0OO0OO0OO0OO0OO0OO0

Number of instructions: 83

Minimum instruction execution time: 50.0 ns (@ 20 MHz operation: 4.51t0 5.5V, not using regulator)
62.5 ns™** (@ 16 MHz operation: 4.0 to 5.5 V, using regulator)
100 ns™** (@ 10 MHz operation: 2.7 to 5.5 V, not using regulator)
125 ns™*? (@ 8 MHz operation: 2.7 to 5.5 V, not using regulator)

Memory space  Program (physical address) space: 64 MB linear

Data (logical address) space: 4 GB linear
» Memory block division function: 64 KB, 64 KB/Total of 2 blocks

General-purpose registers: 32 bits x 32

Internal 32-bit architecture

5-stage pipeline control

Multiply/divide instructions

Saturated operation instructions

32-bit shift instruction: 1 clock

Load/store instruction with long/short format

Four types of bit manipulation instructions

+ SET1

 CLR1

* NOT1

« TST1

Notes 1. Only inthe 4PD703208, 703208Y, 703209, 703209Y, 703210, 703210Y, 70F3210, 70F3210Y

2. Only in the 1PD703211, 703211Y, 70F3210H, 70F3210HY, 70F3211H, 70F3211HY (these values
may change after evaluation)
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CHAPTER 3 CPU FUNCTIONS

3.2 CPU Register Set

The CPU registers of the V850ES/KF1 can be classified into two categories: a general-purpose program register
set and a dedicated system register set. All the registers have 32-bit width.
For details, refer to the VB50ES Architecture User’s Manual.

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

31 0 31 0
r0 (Zero register) EIPC (Interrupt status saving register)

rl (Assembler-reserved register) EIPSW (Interrupt status saving register)
2

r3 (Stack pointer (SP)) FEPC  (NMI status saving register)

r4 (Global pointer (GP)) FEPSW (NMI status saving register)
5 (Text pointer (TP))

6 |

ECR (Interrupt source register) |
r7

8 |
r9
r10
ri1
r12
r13
r14
r1s5
rl6
117 CTBP  (CALLT base pointer) |
rl8

r19

r20

r21

122

r23

r24

25

r26

r27

28

r29

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

PSW (Program status word) |

CTPC (CALLT execution status saving register)

CTPSW  (CALLT execution status saving register)

DBPC (Exception/debug trap status saving register)

DBPSW  (Exception/debug trap status saving register)

31 0
PC (Program counter)

User's Manual U16891EJ1VOUD 49



CHAPTER 3 CPU FUNCTIONS

3.2.1 Program register set

The program register set includes general-purpose registers and a program counter.

(1) General-purpose registers (r0 to r31)

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

However, r0 and r30 are implicitly used by instructions and care must be exercised when using these registers.
rO always holds 0 and is used for operations that use 0 and offset 0 addressing. r30 is used as a base pointer
when performing memory access with the SLD and SST instructions.

Also, r1, r3 to r5, and r31 are implicitly used by the assembler and C compiler. Therefore, before using these
registers, their contents must be saved so that they are not lost, and they must be restored to the registers
after the registers have been used. There are cases when r2 is used by the real-time OS. If r2 is not used by
the real-time OS, r2 can be used as a variable register.

Table 3-1. Program Registers

Name Usage Operation
r0 Zero register Always holds 0
rl Assembler-reserved register Working register for generating 32-bit immediate
r2 Address/data variable register (when r2 is not used by the real-time OS to be used)
r3 Stack pointer Used to generate stack frame when function is called
rd4 Global pointer Used to access global variable in data area
5 Text pointer Register to indicate the start of the text area (area for placing program code)
r6 to r29 Address/data variable register
r30 Element pointer Base pointer when memory is accessed
r31 Link pointer Used by compiler when calling function
PC Program counter Holds instruction address during program execution

(2) Program counter (PC)

This register holds the address of the instruction under execution. The lower 26 bits of this register are valid,
and bits 31 to 26 are fixed to 0. If a carry occurs from bit 25 to bit 26, it is ignored.
Bit 0 is fixed to 0, and branching to an odd address cannot be performed.

31 2625 10
I I I O B B

PC Fixedto 0 Instruction address under execution

After reset
00000000H

o
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3.2.2 System register set

System registers control the status of the CPU and hold interrupt information.

Read from and write to system registers are performed by setting the system register numbers shown below with

the system register load/store instructions (LDSR, STSR instructions).

Table 3-2. System Register Numbers

if accessed.)

System System Register Name Operand Specification Enabled
Register No. LDSR STSR
Instruction Instruction

0 Interrupt status saving register (EIPC)"* Yes Yes

1 Interrupt status saving register (EIPSW)"** Yes Yes

2 NMI status saving register (FEPC)"** Yes Yes

3 NMI status saving register (FEPSW)"* Yes Yes

4 Interrupt source register (ECR) No Yes

5 Program status word (PSW) Yes Yes
6to 15 Reserved numbers for future function expansion (The operation is not guaranteed No No

if accessed.)

16 CALLT execution status saving register (CTPC) Yes Yes

17 CALLT execution status saving register (CTPSW) Yes Yes

18 Exception/debug trap status saving register (DBPC) Yes'*? Yes

19 Exception/debug trap status saving register (DBPSW) Yes'©? Yes

20 CALLT base pointer (CTBP) Yes Yes
21to 31 Reserved numbers for future function expansion (The operation is not guaranteed No No

Notes 1. Since only one set of these registers is available, the contents of this register must be saved by the
program when multiple interrupt servicing is enabled.

2. Can be accessed only during the period from the DBTRAP instruction to the DBRET instruction.

Caution Even if bit 0 of EIPC, FEPC, or CTPC is set (1) by the LDSR instruction, bit O is ignored during return
with the RETI instruction following interrupt servicing (because bit 0 of PC is fixed to 0). When
setting a value to EIPC, FEPC, and CTPC, set an even number (bit 0 = 0).
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(1) Interrupt status saving registers (EIPC, EIPSW)

There are two interrupt status saving registers, EIPC and EIPSW.

Upon occurrence of a software exception or a maskable interrupt, the contents of the program counter (PC)
are saved to EIPC and the contents of the program status word (PSW) are saved to EIPSW (upon occurrence
of a non-maskable interrupt (NMI), the contents are saved to the NMI status saving registers (FEPC, FEPSW)).
The address of the next instruction following the instruction executed when a software exception or maskable
interrupt occurs is saved to EIPC, except for some instructions (refer to 19.9 Period in Which Interrupts Are
Not Acknowledged by CPU).

The current PSW contents are saved to EIPSW.

Since there is only one set of interrupt status saving registers, the contents of these registers must be saved
by the program when multiple interrupt servicing is enabled.

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

When the RETI instruction is executed, the values in EIPC and EIPSW are restored to the PC and PSW,
respectively.

31 2625 0

L L L L L L L L L L L e L After reset
EIPC olololololo (PC contents saved) 0

XXXXXXXH
(x: Undefined)

31 8 7 0

1 1 1 1 11

After reset
EIPSW o|0|0(0|0|0|0O|0O|0O|O|O(0O|0|0|0O|0O|0|0|0O|0|0|0|0|0|(PSW contents saved) 000000xxH

(x: Undefined)
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(2) NMI status saving registers (FEPC, FEPSW)
There are two NMI status saving registers, FEPC and FEPSW.
Upon occurrence of a non-maskable interrupt (NMI), 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 next instruction following the instruction executed when a non-maskable interrupt occurs is

saved to FEPC, except for some instructions.
The current PSW contents are saved to FEPSW.
Since there is only one set of NMI status saving registers, the contents of these registers must be saved by the

program when multiple interrupt servicing is performed.
Bits 31 to 26 of FEPC and bits 31 to 8 of FEPSW are reserved (fixed to 0) for future function expansion.

FEPC

FEPSW

31 2625 0
L L L L L L L L After reset
olololololo (PC contents saved) 0
XXXXXXXH
(x: Undefined)
T After reset
o/ojojojof0|lO|0O|O(O|O|0O|0|0O|0O|0O|O|O|0O|0O|0O|0O|0O|O|(PSW contents saved) 000000xxH

(x: Undefined)

(3) Interrupt source register (ECR)
Upon occurrence of an interrupt or an exception, the interrupt source register (ECR) holds the source of an
interrupt or an exception. The value held by ECR is the exception code coded for each interrupt source. This
register is a read-only register, and thus data cannot be written to it using the LDSR instruction.

31 1615 0
coR 1 1 T 11 \FE\CC\ 1 1 T 11 1 1 T 11 \EIC\:C\ 1 1 T 11 After reset
00000000H
Bit position | Bit name Description
31to 16 FECC Non-maskable interrupt (NMI) exception code
15t0 0 EICC Exception, maskable interrupt exception code
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(4) Program status word (PSW)

The program status word (PSW) is a collection of flags that indicate the program status (instruction execution
result) and the CPU status.

When the contents of this register are changed using the LDSR instruction, the new contents become valid
immediately following completion of LDSR instruction execution. Interrupt request acknowledgment is held
pending while a write to the PSW is being executed by the LDSR instruction.

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

(2/2)
31 876543210
I I I N I I B B
After reset
PSW
S RFU NP|EP|ID [SATICY|OV|S | Z 00000020H
Bit position | Flag name Description
31t0 8 RFU Reserved field. Fixed to 0.
7 NP Indicates that non-maskable interrupt (NMI) servicing is in progress. This flag is set to 1 when
an NMI request is acknowledged, and disables multiple interrupts.
0: NMI servicing not in progress
1: NMI servicing in progress
6 EP Indicates that exception processing is in progress. This flag is set to 1 when an exception
occurs. Moreover, interrupt requests can be acknowledged even when this bit is set.
0: Exception processing not in progress
1: Exception processing in progress
5 ID Indicates whether maskable interrupt request acknowledgment is enabled.
0: Interrupt enabled
1: Interrupt disabled
4 SAT"*® Indicates that the result of executing a saturated operation instruction has overflowed and that
the calculation result is saturated. Since this is a cumulative flag, it is set to 1 when the result of
a saturated operation instruction becomes saturated, and it is not cleared to O even if the
operation results of successive instructions do not become saturated. This flag is neither set
nor cleared when arithmetic operation instructions are executed.
0: Not saturated
1: Saturated
3 CcY Indicates whether carry or borrow occurred as the result of an operation.
0: No carry or borrow occurred
1: Carry or borrow occurred
2 (0)VAid Indicates whether overflow occurred during an operation.
0: No overflow occurred
1: Overflow occurred.
1 s Indicates whether the result of an operation is negative.
0: Operation result is positive or 0.
1: Operation result is negative.
0 z Indicates whether operation result is 0.
0: Operation result is not 0.
1: Operation result is 0.
Remark Note is explained on the following page.
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212)

Note During saturated operation, the saturated operation results are determined by the contents of the OV
flag and S flag. The SAT flag is set (to 1) only when the OV flag is set (to 1) during saturated operation.

Operation result status Flag status Saturated
SAT oV s operation result
Maximum positive value exceeded 1 1 0 7FFFFFFFH
Maximum negative value exceeded 1 1 1 80000000H
Positive (maximum value not exceeded) Holds value 0 0 Actual operation
Negative (maximum value not exceeded) before operation 1 result

(5) CALLT execution status saving registers (CTPC, CTPSW)
There are two CALLT execution status saving registers, CTPC and CTPSW.

When the CALLT instruction is executed, the contents of the program counter (PC) are

the program status word (PSW) contents are saved to CTPSW.

saved to CTPC, and

The contents saved to CTPC consist of the address of the next instruction after the CALLT instruction.
The current PSW contents are saved to CTPSW.
Bits 31 to 26 CTPC and bits 31 to 8 of CTPSW are reserved (fixed to 0) for future function expansion.

31 2625 0
N N N B T 1 T 1 1 11 T 1 T 1 1 11
CTPC o(ojoj0|0|0 (PC contents saved) After reset
OXXXXXXXH
(x: Undefined)
31 8 7 0
T 1 T 1 1 11
After reset
CTPSW o|joj0ojo|0f0|0O|0O|0O|Of0O|0O|O|O 0/0|0|0|0|0O]|O 0 | (PSW contents saved) 000000xxH

(x: Undefined)
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(6) Exception/debug trap status saving registers (DBPC, DBPSW)
There are two exception/debug trap status saving registers, DBPC and DBPSW.

Upon occurrence of an exception trap or debug trap, the contents of the program counter (PC) are saved to

DBPC, and the program status word (PSW) contents are saved to DBPSW.

The contents saved to DBPC consist of the address of the next instruction after the instruction executed when

an exception trap or debug trap occurs.
The current PSW contents are saved to DBPSW.
Bits 31 to 26 of DBPC and bits 31 to 8 of DBPSW are reserved (fixed to 0) for future function expansion.

DBPC

DBPSW

31 2625 0
L L L L
0 (OAN0] (PC contents saved)
31 7 0
1 1 1 T 11
0 o(ojojojofojojo|0|0O|0O|O|O|O|O|O|O|O|O (PSW contents saved)

After reset
OXXXXXXXH
(x: Undefined)

After reset
000000xxH
(x: Undefined)

(7) CALLT base pointer (CTBP)

The CALLT base pointer (CTBP) is used to specify table addresses and generate target addresses (bit O is

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

CTBP

31

(Base address)

After reset
OXXXXXXXH
(x: Undefined)

56

User's Manual U16891EJ1VOUD




CHAPTER 3 CPU FUNCTIONS

3.3 Operating Modes

The V850ES/KF1 has the following operating modes.

1)

)

Normal operating mode
After the system has been released from the reset state, the pins related to the bus interface are set to the port
mode, execution branches to the reset entry address of the internal ROM, and instruction processing is started.

Flash memory programming mode

This mode is valid only in flash memory versions (xPD70F3210, 70F3210Y, 70F3210H, 70F3210HY,
70F3211H, and 70F3211HY).

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

(@) Specifying operating mode

(i) w4PD70F3210, 70F3210Y
The internal flash memory can be written or erased when 10 V £0.3 V is applied to the Ver pin.

Vep Operating Mode

0 Normal operating mode

10V +0.3V Flash memory programming mode

Voo Setting prohibited

(i) 4PD70F3210H, 70F3210HY, 70F3211H, 70F3211HY
The operating mode is specified according to the status (input level) of the FLMDO and FLMD1 pins.
In the normal operating mode, input a low level to the FLMDO pin during the reset period.
A high level is input to the FLMDO pin by the flash programmer in the flash memory programming
mode if a flash programmer is connected. In the self-programming mode, input a high level to this
pin from an external circuit.
Fix the specification of these pins in the application system and do not change the setting of these
pins during operation.

FLMDO FLMD1 Operating Mode
L X Normal operating mode
H L Flash memory programming mode
H H Setting prohibited

Remark H: High level
L: Low level
x: don’t care
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2 MB

CHAPTER 3 CPU FUNCTIONS
3.4 Address Space

3.4.1 CPU address space

Up to 64 MB of external memory area in a linear address space (program area) of up to 2 MB + 64 KB, internal
ROM area, and internal RAM area are supported for instruction address addressing. During operand addressing

accessed regardless of the value of bits 31 to 26.

(data access), up to 4 GB of linear address space (data space) is supported. However, the 4 GB address space is
viewed as 64 images of a 64 MB physical address space. In other words, the same 64 MB physical address space is

Figure 3-1. Address Space Image

Image 63 ‘

4GB

Program space

Data space

Reserved area

r On-chip peripheral I/O area
i
Image 1 <

Internal RAM area

Internal RAM area

\ Reserved area
Reserved area

64 MB
64 MB

\ 1l
Image 0O Lo
External memory area

External memory area
-

Internal ROM area

Internal ROM area
(external memory)

(external memory)
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3.4.2 Wraparound of CPU address space

(1) Program space

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

ignore this and remain O.

Therefore, the lower-limit address of the program space, 00000000H, and the upper-limit address,
03FFFFFFH, are contiguous addresses, and the program space is wrapped around at the boundary of these

addresses.

Caution No instructions can be fetched from the 4 KB area of 03FFFO00H to 03FFFFFFH because this
area is an on-chip peripheral I/O area. Therefore, do not execute any branch operation

instructions in which the destination address will reside in any part of this area.

00000001H Program space

00000000H

(+) direction
03FFFFFFH

03FFFFFEH
. Program space

(-) direction

(2) Dataspace

The result of an operand address calculation that exceeds 32 bits is ignored.
Therefore, the lower-limit address of the data space, address 00000000H, and the upper-limit address,
FFFFFFFFH, are contiguous addresses, and the data space is wrapped around at the boundary of these

addresses.

00000001H Data space
00000000H
(+) direction
FFFFFFFFH
FFFFFFFEH
Data space

(-) direction
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60

3.4.3 Memory map

CHAPTER 3 CPU FUNCTIONS

The VB850ES/KF1 has reserved areas as shown below.

Figure 3-2. Data Memory Map (Physical Addresses)
SFFFFFFH On-chip peripheral I/0 area SFFFFFFH
(4KB) 3FFFO00H
(80 KB) 3FFEFFFH
3FECOOOH| | ‘
3FEBFFFH '
‘\ Internal RAM area
! (60 KB)
| 3FFFO00H
| 3FFEFFFH
‘\ Reserved area
- 3FECO00H

Reserved area

i B e Reserved area O1FFFFFH
020FFFFH External memory area Cs1 0110000H
(64 KB) External memory area 010FFFFH
0200000H R (64 KB) 0100000H
01FFFFFH
(2 MB) Cso
0000000H

Internal ROM area
(1 MB)

Note

00FFFFFH

0000000H
Note Fetch access and read access to addresses 0000000H to OOFFFFFH is performed for the internal ROM
area, but in the case of data write access, it is performed for an external memory area.
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Figure 3-3. Program Memory Map

O03FFFFFFH
Reserved area
03FEF000H | (Program fetch disabled area)
03FFEFFFH
Internal RAM area (60 KB)
03FF0000H
03FEFFFFH
Reserved area
(Program fetch disabled area)
00210000H
0020FFFFH External memory area Csi
00200000H (64 KB)
001FFFFFH Reserved area
00110000H | (Program fetch disabled area)
0010FFFFH External memory area
00100000H (64 KB) cs0
000FFFFFH Internal ROM area
00000000H (1 MB)
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3.4.4 Areas

(1) Internal ROM area
An area of 1 MB from 0000000H to OOFFFFFH is reserved for the internal ROM area.

(&) Internal ROM (256 KB)
A 256 KB area from 0000000H to 003FFFFH is provided in the following products.
Addresses 0040000H to OOFFFFFH are an access-prohibited area.

 uPD703211, 703211Y, 70F3211H, 70F3211HY

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

OOFFFFFH
=~ Access-prohibited =
area
0040000H
003FFFFH
Internal ROM area
(256 KB)
0000000H

(b) Internal ROM (128 KB)
A 128 KB area from 0000000H to 001FFFFH is provided in the following products.
Addresses 0020000H to OOFFFFFH are an access-prohibited area.
e PD703210, 703210Y, 70F3210, 70F3210Y, 70F3210H, 70F3210HY

Figure 3-5. Internal ROM Area (128 KB)

00FFFFFH
L. Access-prohibited L.
area
0020000H
001FFFFH
Internal ROM area
(128 KB)
0000000H
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(c) Internal ROM (96 KB)
A 96 KB area from 0000000H to 0017FFFH is provided in the following products.

Addresses 0018000H to OOFFFFFH are an access-prohibited area.

» PD703209, 703209Y

Figure 3-6. Internal ROM Area (96 KB)

O0OFFFFFH
=~ Access-prohibited =~
area
0018000H
0017FFFH
Internal ROM area
(96 KB)
0000000H

(d) Internal ROM (64 KB)
A 64 KB area from 0000000H to O00FFFFH is provided in the following products.

Addresses 0010000H to OOFFFFFH are an access-prohibited area.

» PD703208, 703208Y

Figure 3-7. Internal ROM Area (64 KB)

00FFFFFH

. Access-prohibited

] area ]
0010000H
000FFFFH

Internal ROM area
(64 KB)

0000000H

User's Manual U16891EJ1VOUD




CHAPTER 3 CPU FUNCTIONS

(2) Internal RAM area
An area of 60 KB maximum from 3FFO000H to 3FFEFFFH is reserved for the internal RAM area.

(&) Internal RAM (12 KB)
A 12 KB area from 3FFCOOOH to 3FFEFFFH is provided as physical internal RAM in the following

products.
Addresses 3FFO000H to 3FFBFFFH are an access-prohibited area.

 uPD703211, 703211Y, 70F3211H, 70F3211HY

Figure 3-8. Internal RAM Area (12 KB)

Physical address space Logical address space

3FFEFFFH FFFEFFFH

Internal RAM area (12 KB)

3FFCO00H FFFCO00H
3FFBFFFH FFFBFFFH

((

~ Access-prohibited area -

3FFO000H FFFOO00H

(b) Internal RAM (6 KB)
A 6 KB area from 3FFD800H to 3FFEFFFH is provided as physical internal RAM in the following products.
Addresses 3FFO000H to 3FFD7FFH are an access-prohibited area.

» PD703210, 703210Y, 70F3210, 70F3210Y, 70F3210H, 70F3210HY

Figure 3-9. Internal RAM Area (6 KB)

Physical address space Logical address space
3FFEFFFH FFFEFFFH
Internal RAM area (6 KB)
3FFD800H FFFD800OH
3FFD7FFH FFFD7FFH

— Access-prohibited area =

((

3FFOOO00H FFFOOOOH

64 User's Manual U16891EJ1VOUD




CHAPTER 3 CPU FUNCTIONS

(c) Internal RAM (4 KB)
A 4 KB area from 3FFEOOOH to 3FFEFFFH is provided as physical internal RAM in the following products.

Addresses 3FFO000H to 3FFD7FFH are an access-prohibited area.

H#PD703208, 703208Y, 703209, 703209Y

Figure 3-10. Internal RAM Area (4 KB)

Physical address space

3FFEFFFH

3FFEOOOH

Internal RAM area (4 KB)

3FFDFFFH

((

3FFOOO00H

Access-prohibited area

Logical address space

FFFEFFFH

FFFEOOOH
FFFDFFFH

FFFOOOOH
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(3) On-chip peripheral I/O area
A 4 KB area from 3FFFO00H to 3FFFFFFH is reserved as the on-chip peripheral 1/0 area.

Figure 3-11. On-Chip Peripheral I/O Area

Physical address space Logical address space

3FFFFFFH FFFFFFFH

On-chip peripheral I/0 area
(4 KB)

3FFFO00H FFFFOOOH

66

Peripheral I/O registers assigned with functions such as on-chip peripheral I/O operation mode specification
and state monitoring are mapped to the on-chip peripheral I/O area. Program fetches are not allowed in this
area.

Cautions 1. If word access of a register is attempted, halfword access to the word area is performed
twice, first for the lower bits, then for the higher bits, ignoring the lower 2 address bits.

2. If aregister that can be accessed in byte units is accessed in halfword units, the higher 8
bits become undefined if the access is a read operation. If a write access is performed,
only the data in the lower 8 bits is written to the register.

3. Addresses that are not defined as registers are reserved for future expansion. If these
addresses are accessed, the operation is undefined and not guaranteed.

(4) External memory area

128 KB (0100000H to 010FFFFH/0200000H to 020FFFFH) are provided as the external memory area. For
details, refer to CHAPTER 5 BUS CONTROL FUNCTION.
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3.4.5 Recommended use of address space

The architecture of the V850ES/KF1 requires that a register that serves as a pointer be secured for address
generation when operand data in the data space is accessed. The address stored in this pointer £32 KB can be
directly accessed by an instruction for operand data. Because the number of general-purpose registers that can be
used as a pointer is limited, however, by keeping the performance from dropping during address calculation when a
pointer value is changed, as many general-purpose registers as possible can be secured for variables, and the
program size can be reduced.

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

RAM Size Access Address
4 KB 3FFEOOOH to 3FFEFFFH
6 KB 3FFD800H to 3FFEFFFH
12 KB 3FFCOOO0H to 3FFEFFFH
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(2) Dataspace

With the VB50ES/KF1, it seems that there are sixty-four 64 MB address spaces on the 4 GB CPU address
space. Therefore, the least significant bit (bit 25) of a 26-bit address is sign-extended to 32 bits and allocated

as an address.

(a) Application example of wraparound

If R =r0 (zero register) is specified for the LD/ST disp16 [R] instruction, a range of addresses 00000000H
+32 KB can be addressed by sign-extended disp16. All the resources, including the internal hardware,

can be addressed by one pointer.

The zero register (r0) is a register fixed to 0 by hardware, and practically eliminates the need for registers

dedicated to pointers.

Example: xPD703210, 703210Y

0001FFFFH

00007FFFH f-mmmmmmmmmmmmemee

Internal ROM area

32 KB
R=
( ) 00000000H On-chip peripheral
FFFFFOO0O0H /O area 4 KB
FFFFEFFFH Internal RAM 6 KB
FFFFD80OH area
FFFFD7FFH
22 KB

Access-prohibited
area

FFFF8000H f-------=--=--=---

68
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Figure 3-12. Recommended Memory Map

Program space Data space
FFFFFFFFH
On-chip
peripheral I/O
FFFFFOOOH| _____ . _] e
FFFFEFFFH
Internal RAM .
o] 1 XFFFFFFFH
FFFF0000H _
""""""""" " On-chip
FRFEFFFFH peripheral I/O
P xFFFFOO00H
. xFFFEFFFH
Internal RAM
A I XFFFD80O0H
- - == = xFFFD7FFH
04000000H ] xFFF0000H
xFFEFFFFH
03FFFFFFH On-chip
peripheral 1/QN°t®
03FFFOOOH
03FFEFFFH
Internal RAM
03FFD80OH
03FFD7FFH[ 777
03FFO0000H Reserved
03FEFFFFH
Program space J
64 MB x0210000H
Reserved
x020FFFFH
iExternaI memory | v 0200000H
x01FFFFFH
A Reserved | ,0110000H
- x010FFFFH
L s External memory x0100000H
T X00FFFFFH
00210000H A = Internal ROM
0020FFFFH I ; x0000000H
00200000H]| yExternalmemory| . .
001FFFFFH 4
00110000H| Reseved | 471 .- ;
0010FFFFH iExternaImemor g e
00100000H Y. . K
000206661
----------------- F---|.4-Internal ROM
88865555H #Internal ROM [ .- ,

Note Access to this area is prohibited. To access the on-chip peripheral I/O in this area, specify addresses

FFFFOOOH to FFFFFFFH.

Remarks 1. # indicates the recommended area.

2. This figure is the recommended memory map of the #xPD703210 and 703210Y.
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3.4.6 Peripheral I/O registers

(1/8)
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 16
FFFFF004H Port DL register PDL R/W v | 0000H""**
FFFFFO04H | Port DL register L PDLL RW | V v 00H™"**
FFFFFOO5H | Port DL register H PDLH RW | Vv | V 00H""*
FFFFFO08H Port CS register PCS RW | Vv | V 00H""*
FFFFFOOAH | Port CT register PCT RW | Vv | V 00H™"**
FFFFFOOCH | Port CM register PCM RW | Vv | V 00H""*
FFFFF024H Port DL mode register PMDL R/W v | FFFFH
FFFFF024H | Port DL mode register L PMDLL RW | v | V FFH
FFFFFO25H | Port DL mode register H PMDLH RW | V v FFH
FFFFF028H Port CS mode register PMCS RW | vV | V FFH
FFFFFO2AH Port CT mode register PMCT RW | v | ¥ FFH
FFFFFO2CH Port CM mode register PMCM RW | Vv | V FFH
FFFFF044H Port DL mode control register PMCDL R/W v | 0000H
FFFFF044H | Port DL mode control register L PMCDLL RW | Vv | V 00H
FFFFFO045H | P ort DL mode control register H PMCDLH RW | v | ¥ 00H
FFFFF048H Port CS mode control register PMCCS RW | v | V 00H
FFFFFO4AH Port CT mode control register PMCCT RW | v | V 00H
FFFFFO4CH Port CM mode control register PMCCM RW | Vv | V 00H
FFFFFO66H Bus size configuration register BSC R/W v | 5555H
FFFFFO6EH System wait control register VSWC RW | V v 77H
FFFFF100H Interrupt mask register 0 IMRO R/W v | FFFFH
FFFFF100H | Interrupt mask register OL IMROL R/W FFH
FFFFF101H | Interrupt mask register OH IMROH R/W FFH
FFFFF102H Interrupt mask register 1 IMR1 R/W v | FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L R/W FFH
FFFFF103H | Interrupt mask register 1H IMR1H RW | v | ¥ FFH
FFFFF106H Interrupt mask register 3 IMR3""¢? RIW v | FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L"*? RW | Vv | V FFH
FFFFF110H Interrupt control register WDT1IC RW | v | ¥ 47H
FFFFF112H Interrupt control register PICO RW | v | V 47H
FFFFF114H Interrupt control register PIC1 RW | v | ¥ 47H
FFFFF116H Interrupt control register PIC2 RW | v | V 47H
FFFFF118H Interrupt control register PIC3 RW | v | ¥ 47H
FFFFF11AH Interrupt control register PIC4 RW | Vv | V 47H
FFFFF11CH Interrupt control register PIC5 RW | v | ¥ 47H
FFFFF11EH Interrupt control register PIC6 RW | Vv | V 47H
FFFFF120H Interrupt control register TMOIC00 RW | v | ¥ 47H
FFFFF122H Interrupt control register TMOICO1 RW | vV | V 47H
FFFFF124H Interrupt control register TMOIC10 RW | v | ¥ 47H
FFFFF126H Interrupt control register TMOIC11 RW | v | ¥ 47H

Notes 1. The output latch is OOH or 0000H. When input, the pin status is read.
2. Onlyinthe 4PD703211, 703211Y, 70F3211H, 70F3211HY
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(2/8
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16

FFFFF128H Interrupt control register TM5ICO RW | Vv | ¥ 47H
FFFFF12AH Interrupt control register TM5IC1 RW | v | V 47H
FFFFF12CH Interrupt control register CsloICo RW | Vv | ¥ 47H
FFFFF12EH Interrupt control register CsloiCc1 RW | v | V 47H
FFFFF130H Interrupt control register SREICO RW | Vv | ¥ 47H
FFFFF132H Interrupt control register SRICO RW | v | V 47H
FFFFF134H Interrupt control register STICO RW | Vv | ¥ 47H
FFFFF136H Interrupt control register SREIC1 RW | Vv | ¥ 47H
FFFFF138H Interrupt control register SRIC1 RW | v | V 47H
FFFFF13AH Interrupt control register STIC1 RW | Vv | ¥ 47H
FFFFF13CH Interrupt control register TMHICO RW | v | V 47H
FFFFF13EH Interrupt control register TMHIC1 RW | Vv | ¥ 47H
FFFFF140H Interrupt control register CSIAICO RW | v | V 47H
FFFFF142H Interrupt control register lcico™* RW | v | V 47H
FFFFF144H Interrupt control register ADIC RW | v | V 47H
FFFFF146H Interrupt control register KRIC RW | Vv | ¥ 47H
FFFFF148H Interrupt control register WTIIC RW | v | V 47H
FFFFF14AH Interrupt control register WTIC RW | Vv | ¥ 47H
FFFFF14CH Interrupt control register BRGIC RW | v | V 47H
FFFFF174H Interrupt control register TPOOVICY™®? |RW | V | V 47H
FFFFF176H Interrupt control register TPOCCICO™ | RIW | V | V 47H
FFFFF178H Interrupt control register TPOCCIC1™?|RIW | V | V 47H
FFFFF1FAH | In-service priority register ISPR R vV 00H
FFFFF1FCH Command register PRCMD v Undefined
FFFFF1FEH | Power save control register PSC RW | Vv | ¥ 00H
FFFFF200H A/D converter mode register ADM R/W v O00H
FFFFF201H Analog input channel specification register ADS R/W v O00H
FFFFF202H Power fail comparison mode register PFM RW | v | V 00H
FFFFF203H Power fail comparison threshold register PFT R/W v O00H
FFFFF204H A/D conversion result register ADCR v | Undefined

FFFFF205H | A/D conversion result register H ADCRH v Undefined
FFFFF300H Key return mode register KRM R/W O0OH
FFFFF400H Port O register PO RW | Vv | V 00H™**
FFFFF406H Port 3 register P3 R/W v | 0000H""*?

FFFFF406H | Port 3 register L P3L RW | Vv | V 00H™"**

FFFFF407H | Port 3 register H P3H RW | Vv | V 00H""**
FFFFF408H Port 4 register P4 RW | Vv | V 00H"*®
FFFFF40AH | Port 5 register P5 RW | v | V 00H""?
FFFFF40EH Port 7 register P7 R v Undefined

Notes 1. Only in products with an I°’C bus (Y products)
2. Onlyinthe ¢PD703211, 703211Y, 70F3211H, 70F3211HY
3. The output latch is 00H or 0000H. When input, the pin status is read.
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(3/8)
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16
FFFFF412H | Port 9 register P9 R/W v | 0000H™"**
FFFFF412H | Port 9 register L PIL R/IW 00H™**
FFFFF413H | Port 9 register H P9H R/W 00H™"**
FFFFF420H | Port 0 mode register PMO RW | Vv | ¥ FFH
FFFFF426H | Port 3 mode register PM3 R/W v | FFFFH
FFFFF426H | Port 3 mode register L PM3L RW | v | ¥ FFH
FFFFF427H | Port 3 mode register H PM3H RW | v | ¥ FFH
FFFFF428H | Port 4 mode register PM4 RW| Vv | ¥ FFH
FFFFF42AH | Port 5 mode register PM5 RW | Vv | ¥ FFH
FFFFF432H | Port 9 mode register PM9 RIW v | FFFFH
FFFFF432H | Port 9 mode register L PM9L RW | Vv | ¥ FFH
FFFFFA433H | Port 9 mode register H PM9H R/W FFH
FFFFF440H | Port 0 mode control register PMCO RW | V | V 00H
FFFFF446H Port 3 mode control register PMC3 RIW v | 0000H
FFFFF446H | Port 3 mode control register L PMC3L RW | Vv | v 00H
FFFFF447H | Port 3 mode control register H PMC3H RW | V | V 00H
FFFFF448H | Port 4 mode control register PMC4 RW | v | ¥ 00H
FFFFF44AH | Port 5 mode control register PMC5 RW | V | V 00H
FFFFF452H | Port 9 mode control register PMC9 R/W V| 0000H
FFFFF452H | Port 9 mode control register L PMCOL RW | V | ¥ 00H
FFFFF453H | Port 9 mode control register H PMCOH RW | v | ¥ 00H
FFFFF466H | Port 3 function control register PFC3 RW | V | ¥ 00H
FFFFF46AH | Port 5 function control register PFC5 RW | v | ¥ 00H
FFFFF472H Port 9 function control register PFC9 RIW v | 0000H
FFFFF472H | Port 9 function control register L PFCOL RW | v | V 00H
FFFFF473H | Port 9 function control register H PFC9H R/W 00H
FFFFF484H | Data wait control register 0 DWCO R/W 7777H
FFFFF488H | Address wait control register AWC R/W FFFFH
FFFFF48AH | Bus cycle control register BCC R/W AAAAH
FFFFF580H 8-bit timer H mode register 0 TMHMDO R/W v 00H
FFFFF581H 8-bit timer H carrier control register 0 TMCYCO R/W v 00H
FFFFF582H 8-bit timer H compare register 00 CMPOO R/W v 00H
FFFFF583H 8-bit timer H compare register 01 CMPO1 R/W v 00H
FFFFF590H 8-bit timer H mode register 1 TMHMD1 R/W v O0H
FFFFF591H 8-bit timer H carrier control register 1 TMCYC1 R/W v 00H
FFFFF592H 8-bit timer H compare register 10 CMP10 R/W v O0H
FFFFF593H 8-bit timer H compare register 11 CMP11 R/W v 00H
FFFFF5A0H TMPO control register O TPOCTLO™? |R/W | V | V 00H
FFFFF5A1H | TMPO control register 1 TPOCTL1™?® |RW | V | V 00H
FFFFF5A2H TMPO I/O control register 0 TPOIOCO™*? | R/IW | V v O0H
FFFFF5A3H | TMPO I/O control register 1 TPOIOC1™? |RW | V | V 00H

Notes 1. The output latch is 0OH or 0000H. When input, the pin status is read.

2. Onlyin the 4PD703211, 703211Y, 70F3211H, 70F3211HY
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Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1| 8|16
FFFFF5A4H TMPO 1/O control register 2 TPOIOC2™ |[RW | Vv | V 00H
FFFFF5A5H TMPO option register 0 TPOOPTO™ [RW | Vv | V 00H
FFFFF5A6H TMPO capture/compare register 0 TPOCCRO™ | RIW v | 0000H
FFFFF5A8H TMPO capture/compare register 1 TPOCCR1"™ | R/IW v | 0000H
FFFFF5AAH | TMPO counter read buffer register TPOCNT"* v | 0000H
FFFFF5COH 16-bit timer counter 5 TM5 v | 0000H
FFFFF5COH | 8-bit timer counter 50 TM50 O00H
FFFFF5C1H | 8-bit timer counter 51 TM51 O00H
FFFFF5C2H 16-bit timer compare register 5 CR5 R/W v | 0000H
FFFFF5C2H | 8-bit timer compare register 50 CR50 R/W O00H
FFFFF5C3H | 8-bit timer compare register 51 CR51 R/W 00H
FFFFF5C4H Timer clock selection register 5 TCL5 R/W v | 0000H
FFFFF5C4H | Timer clock selection register 50 TCL50 R/W O00H
FFFFF5C5H | Timer clock selection register 51 TCL51 R/W 00H
FFFFF5C6H 16-bit timer mode control register 5 TMC5 R/W v | 0000H
FFFFF5C6H | 8-bit timer mode control register 50 TMC50 R/W 00H
FFFFF5C7H | 8-bit timer mode control register 51 TMC51 R/W O00H
FFFFF600H 16-bit timer counter 00 TMOO R 0000H
FFFFF602H 16-bit timer capture/compare register 000 CRO000 R/W 0000H
FFFFF604H 16-bit timer capture/compare register 001 CRO0O01 R/W 0000H
FFFFF606H 16-bit timer mode control register 00 TMCO0 RW | v | v 00H
FFFFF607H Prescaler mode register 00 PRMO00 RW | v | V 00H
FFFFF608H Capture/compare control register 00 CRCO00 RW | v | V 00H
FFFFF609H 16-bit timer output control register 00 TOCO00 RW | v | V 00H
FFFFF610H 16-bit timer counter 01 TMO01 R 0000H
FFFFF612H 16-bit timer capture/compare register 010 CRO10 R/W 0000H
FFFFF614H 16-bit timer capture/compare register 011 CRO11 R/W 0000H
FFFFF616H 16-bit timer mode control register 01 TMCO1 RW | v | V 00H
FFFFF617H Prescaler mode register 01 PRMO1 RW | Vv | ¥ 00H
FFFFF618H Capture/compare control register 01 CRCO1 RW | v | V 00H
FFFFF619H 16-bit timer output control register 01 TOCO01 RW | Vv | ¥ 00H
FFFFF680H Watch timer operation mode register WTM RW | v | v 00H
FFFFF6COH Oscillation stabilization time select register OSTS R/W v 01H
FFFFF6C1H Watchdog timer clock selection register WDCS R/W v O00H
FFFFF6C2H | Watchdog timer mode register 1 WDTM1 RW | v | V 00H
FFFFF6DOH Watchdog timer mode register 2 WDTM2 R/W v 67H
FFFFF6D1H Watchdog timer enable register WDTE R/W v 9AH
FFFFF6EOH Real-time output buffer register LO RTBLO RW | Vv | ¥ 00H
FFFFF6E2H Real-time output buffer register HO RTBHO RW | v | v 00H
FFFFF6E4H Real-time output port mode register 0 RTPMO RW | Vv | ¥ 00H
FFFFF6E5SH Real-time output port control register 0 RTPCO RW | v | V 00H
Note Only in the 4PD703211, 703211Y, 70F3211H, 70F3211HY
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Address Function Register Name Symbol R/W Operable Bit Unit | After Reset
1|8 16|32
FFFFF706H Port 3 function control expansion register PFCE3"™" R/IW vV 00H
FFFFF802H System status register SYS R/IW V| v 00H
FFFFF806H PLL control register PLLCTL R/W vV 01H
FFFFF820H Power save mode register PSMR R/W v |V 00H
FFFFF828H Processor clock control register PCC R/IW vV 03H
FFFFF840H Correction address register 0 CORADO R/W v | 00000000H
FFFFF840H | Correction address register OL CORADOL R/W 0000H
FFFFF842H | Correction address register OH CORADOH R/W 0000H
FFFFF844H Correction address register 1 CORAD1 R/W v | 00000000H
FFFFF844H | Correction address register 1L CORAD1L R/W v 0000H
FFFFF846H | Correction address register 1H CORAD1H R/W v 0000H
FFFFF848H Correction address register 2 CORAD2 R/W v | 00000000H
FFFFF848H | Correction address register 2L CORAD2L R/W 0000H
FFFFF84AH | Correction address register 2H CORAD2H R/W 0000H
FFFFF84CH Correction address register 3 CORAD3 R/W v | 00000000H
FFFFF84CH | Correction address register 3L CORAD3L R/W 0000H
FFFFF84EH | Correction address register 3H CORAD3H R/W v 0000H
FFFFF880H Correction control register CORCN R/W vV 00H
FFFFF8BOH Interval timer BRG mode register PRSM R/W v 00H
FFFFF8B1H Interval timer BRG compare register PRSCM R/W v 00H
FFFFFAOOH | Asynchronous serial interface mode register 0 ASIMO R/W vV 01H
FFFFFAO2H Receive buffer register O RXBO R v FFH
FFFFFAO3H Asynchronous serial interface status register 0 ASISO R v 00H
FFFFFAO04H Transmit buffer register 0 TXBO R/W v FFH
FFFFFAO5H Asynchronous serial interface transmission status ASIFO R v |V 00H
register 0
FFFFFAO6H Clock selection register 0 CKSRO R/W v 00H
FFFFFAO7H Baud rate generator control register 0 BRGCO R/W v FFH
FFFFFA10H Asynchronous serial interface mode register 1 ASIM1 R/W vV 01H
FFFFFA12H Receive buffer register 1 RXB1 R v FFH
FFFFFA13H Asynchronous serial interface status register 1 ASIS1 R v 00H
FFFFFA14H Transmit buffer register 1 TXB1 R/W v FFH
FFFFFA15H | Asynchronous serial interface transmission status ASIF1 R vV 00H
register 1
FFFFFA16H Clock selection register 1 CKSR1 R/W v 00H
FFFFFA17H Baud rate generator control register 1 BRGC1 R/W v FFH
FFFFFBOOH TIPOO noise elimination control register PONFC"* R/W vV 00H
FFFFFBO04H | TIPO1 noise elimination control register P1INFC"* R/IW vV 00H
FFFFFCOOH External interrupt falling edge specification register 0 INTFO R/W vV 00H
FFFFFC13H External interrupt falling edge specification register 9H | INTF9H R/W vV 00H
FFFFFC20H External interrupt rising edge specification register 0 INTRO R/W v |V 00H
FFFFFC33H External interrupt rising edge specification register 9H INTROH R/W vV 00H

Note Only in the £/PD703211, 703211Y, 70F3211H, 70F3211HY
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Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16

FFFFFC40H | Pull-up resistor option register 0 PUO RW | v 00H
FFFFFC46H | Pull-up resistor option register 3 PU3 RW | ¥ v 00H
FFFFFC48H | Pull-up resistor option register 4 PU4 RIW | v 00H
FFFFFC4AH | Pull-up resistor option register 5 PU5S RW | ¥ v 00H
FFFFFC52H Pull-up resistor option register 9 PU9 R/W v | 0000H

FFFFFC52H | Pull-up resistor option register 9L PUIL R/W | ¥ v 00H

FFFFFC53H | Pull-up resistor option register 9H PU9H RIW | ¥ v 00H
FFFFFC67H | Port 3 function register H PF3H RIW | V v 00H
FFFFFC68H | Port 4 function register PF4 RW | V v 00H
FFFFFC6AH | Port 5 function register PF5 RW | v 00H
FFFFFC73H | Port 9 function register H PFOH RW | V v 00H
FFFFFDOOH | Clocked serial interface mode register 00 CSIMO00 RW | V v 00H
FFFFFDO1H Clocked serial interface clock selection register O CsIco RW | ¥ v 00H
FFFFFDO2H Clocked serial interface receive buffer register 0 SIRBO v | 0000H
‘ FFFFFDO2H | Clocked serial interface receive buffer register OL SIRBOL v 00H
FFFFFDO4H Clocked serial interface transmit buffer register O SOTBO R/W v | 0000H
‘ FFFFFDO4H | Clocked serial interface transmit buffer register OL SOTBOL R/W v 00H
FFFFFDO6H Clocked serial interface read-only receive buffer register O SIRBEO v | 0000H
‘ FFFFFDO6H | Clocked serial interface read-only receive buffer register OL | SIRBEOL v 00H
FFFFFDO8H Clocked serial interface first-stage transmit buffer register 0 | SOTBFO R/W v | 0000H
‘ FFFFFDO8H | Clocked serial interface first-stage transmit buffer register OL | SOTBFOL R/W v 00H
FFFFFDOAH | Serial I/O shift register O SI000 R/W v | 00H
‘ FFFFFDOAH | Serial I/O shift register OL Sloo0L R/W 0000H
FFFFFD10H Clocked serial interface mode register 01 CSIM01 R/W 00H
FFFFFD11H Clocked serial interface clock selection register 1 CsiIC1 R/W 00H
FFFFFD12H Clocked serial interface receive buffer register 1 SIRB1 R v | 00OOH
‘ FFFFFD12H | Clocked serial interface receive buffer register 1L SIRB1L v 00H
FFFFFD14H Clocked serial interface transmit buffer register 1 SOTB1 R/W v | 000OH
‘ FFFFFD14H | Clocked serial interface transmit buffer register 1L SOTBIL R/W v 00H
FFFFFD16H Clocked serial interface read-only receive buffer register 1 SIRBE1 R v | 00OOH
‘ FFFFFD16H | Clocked serial interface read-only receive buffer register 1L | SIRBE1L v 00H
FFFFFD18H Clocked serial interface first-stage transmit buffer register 1 | SOTBF1 R/W v | 00OOH
‘ FFFFFD18H | Clocked serial interface first-stage transmit buffer register 1L | SOTBF1L R/W v 00H
FFFFFD1AH | Serial I/O shift register 1 S1001 R/W v | 00H
‘ FFFFFD1AH | Serial I/O shift register 1L SIO1L R/W v 0000H
FFFFFD40H Serial operation mode specification register 0 CSIMAO R/W v 00H
FFFFFD41H Serial status register 0 CSISo R/W v 00H
FFFFFD42H Serial trigger register 0 CSITO R/W v O00H
FFFFFD43H Division value selection register 0 BRGCAO R/W v 03H
FFFFFD44H Automatic data transfer address point specification register 0 | ADTPO R/W v O00H
FFFFFD45H Automatic data transfer interval specification register 0 ADTIO R/W v O00H
FFFFFD46H | Serial I/O shift register AO SIOAO0 RIW | ¥ v 00H
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Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16
FFFFFD47H | Automatic data transfer address count register O ADTCO R v | v 00H
FFFFFD80H 11C shift register 0 lco* R/W v 00H
FFFFFD82H | IIC control register O licco™* RW | Vv | V 00H
FFFFFD83H Slave address register 0 SVAQ™* R/W v 00H
FFFFFD84H | IIC clock selection register O liccLo™" RW | Vv | V 00H
FFFFFD85H 1IC function expansion register 0 lIcxXo*® RW | Vv | V 00H
FFFFFD86H 1IC status register 0 lcso™* R vV 00H
FFFFFD8AH | IIC flag register 0 IICFO™* RW | v | ¥ 00H
FFFFFEOOH CSIAO buffer RAM 0 CSIA0BO R/W v | Undefined
FFFFFEOOH | CSIAO buffer RAM OL CSIAOBOL R/W v Undefined
FFFFFEO1H | CSIAO buffer RAM OH CSIAOBOH R/W Undefined
FFFFFEO2H CSIAO buffer RAM 1 CSIAOB1 R/W v | Undefined
FFFFFEO2H | CSIAO buffer RAM 1L CSIAOB1L R/W Undefined
FFFFFEO3H | CSIAO buffer RAM 1H CSIAOB1H R/W Undefined
FFFFFEO4H CSIAO buffer RAM 2 CSIA0B2 R/W v | Undefined
FFFFFEO4H | CSIAO buffer RAM 2L CSIAOB2L R/W Undefined
FFFFFEO5H | CSIAO buffer RAM 2H CSIA0B2H R/W Undefined
FFFFFEOGH CSIAO buffer RAM 3 CSIAOB3 R/W v | Undefined
FFFFFEO6H | CSIAO buffer RAM 3L CSIAOB3L R/W Undefined
FFFFFEO7H | CSIAO buffer RAM 3H CSIA0B3H R/W Undefined
FFFFFEO8H CSIAO buffer RAM 4 CSIAOB4 R/W v | Undefined
FFFFFEO8H | CSIAO buffer RAM 4L CSIA0OB4L R/W Undefined
FFFFFEQO9H | CSIAO buffer RAM 4H CSIAOB4H R/W Undefined
FFFFFEOAH CSIAO buffer RAM 5 CSIA0B5 R/W v | Undefined
FFFFFEOAH | CSIAO buffer RAM 5L CSIAOB5L R/W Undefined
FFFFFEOBH | CSIAO buffer RAM 5H CSIAOB5H R/W Undefined
FFFFFEOCH CSIAO buffer RAM 6 CSIAOB6 R/W v | Undefined
FFFFFEOCH | CSIAO buffer RAM 6L CSIAOB6L R/W Undefined
FFFFFEODH | CSIAO buffer RAM 6H CSIAOB6H R/W Undefined
FFFFFEOEH CSIAO buffer RAM 7 CSIA0B7 R/W v | Undefined
FFFFFEOEH | CSIAO buffer RAM 7L CSIAOB7L R/W Undefined
FFFFFEOFH | CSIAO buffer RAM 7H CSIAOB7H R/W Undefined
FFFFFE10H CSIAO buffer RAM 8 CSIAOB8 R/W v | Undefined
FFFFFE10H | CSIAO buffer RAM 8L CSIAOB8L R/W Undefined
FFFFFE11H | CSIAO buffer RAM 8H CSIA0OB8H R/W Undefined
FFFFFE12H CSIAO buffer RAM 9 CSIAOB9 R/W v | Undefined
FFFFFE12H | CSIAO buffer RAM 9L CSIA0BIL R/W Undefined
FFFFFE13H | CSIAO buffer RAM 9H CSIAOB9H R/W Undefined
FFFFFE14H CSIAO buffer RAM A CSIAOBA R/W v | Undefined
FFFFFE14H | CSIAO buffer RAM AL CSIAOBAL R/W Undefined
FFFFFE15H | CSIAO buffer RAM AH CSIAOBAH R/W Undefined

Note Only in products with an I°C bus (Y products)
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Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1| 8 |16
FFFFFE16H CSIAO buffer RAM B CSIAOBB R/W v | Undefined
FFFFFE16H | CSIAOQ buffer RAM BL CSIAOBBL R/W Undefined
FFFFFE17H | CSIAO buffer RAM BH CSIAOBBH R/W Undefined
FFFFFE18H CSIAO buffer RAM C CSIAOBC R/W v | Undefined
FFFFFE18H | CSIAO buffer RAM CL CSIAOBCL R/W Undefined
FFFFFE19H | CSIAO buffer RAM CH CSIAOBCH R/W Undefined
FFFFFE1AH CSIAO buffer RAM D CSIAOBD R/W v | Undefined
FFFFFE1AH | CSIAO buffer RAM DL CSIAOBDL R/W Undefined
FFFFFE1BH | CSIAO buffer RAM DH CSIAOBDH R/W Undefined
FFFFFE1CH CSIAO buffer RAM E CSIAOBE R/W v | Undefined
FFFFFEL1CH | CSIAQ buffer RAM EL CSIAOBEL R/W Undefined
FFFFFE1DH | CSIAO buffer RAM EH CSIAOBEH R/W Undefined
FFFFFE1EH CSIAO buffer RAM F CSIAOBF R/W v | Undefined
FFFFFE1EH | CSIAO buffer RAM FL CSIAOBFL R/W Undefined
FFFFFE1FH | CSIAO buffer RAM FH CSIAOBFH R/W Undefined
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3.4.7 Special registers

Special registers are registers that prevent invalid data from being written when an inadvertent program loop

occurs.

The V850ES/KF1 has the following three special registers.

» Power save control register (PSC)

» Processor clock control register (PCC)
» Watchdog timer mode register (WDTM1)

Moreover, there is also the PRCMD register, which is a protection register for write operations to the special

registers that prevents the application system from unexpectedly stopping due to an inadvertent program loop. Write

access to the special registers is performed with a special sequence and illegal store operations are notified to the

SY

78

S register.

(1) Setting data to special registers

Setting data to a special registers is done in the following sequence.

<1>
<2>

<3>

Prepare the data to be set to the special register in a general-purpose register.
Write the data prepared in step <1> to the PRCMD register.

Write the setting data to the special register (using following instructions).

« Store instruction (ST/SST instruction)

 Bit manipulation instruction (SET1/CLR1/NOT1 instruction)

Note

<4>to <8> Insert NOP instructions (5 instructions)™".

[Description Example] When using PSC register (standby mode setting)

ST.B r11, PSMR[ r 0] ; PSMR register setting (I DLE, STOP node setting)
<1>MV 0x02,r10
<2>ST.B r10, PRCM)r0] ; PRCMD register wite

<3>ST. B r 10, PSC[ r 0] ; PSC register setting
<4> NOP"* ; Dummy instruction
<5> NoP™* ; Dummy instruction
<6> NOP"* ; Dunmmy instruction
<7> NOP"“* ; Dummy instruction
<8> NoP™* ; Dummy instruction

(next instruction)

No special sequence is required to read special registers.

Note When switching to the IDLE mode or the STOP mode (PSC.STP bit = 1), 5 NOP instructions must be
inserted immediately after switching is performed.

Cautions 1. Interrupts are not acknowledged for the store instruction for the PRCMD register. This is

because continuous execution of store instructions by the program in steps <2> and <3>
above is assumed. If another instruction is placed between step <2> and <3>, the above
sequence may not be realized when an interrupt is acknowledged for that instruction,
which may cause malfunction.

. The data written to the PRCMD register is dummy data, but use the same register as the

general-purpose register used for setting data to the special register (step <3>) when
writing to the PRCMD register (step <2>). The same applies to when using a general-
purpose register for addressing.
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(2) Command register (PRCMD)
The PRCMD register is an 8-bit register used to prevent data from being written to registers that may have a
large influence on the system, possibly causing the application system to unexpectedly stop, when an
inadvertent program loop occurs. Only the first write operation to the special register following the execution of
a previously executed write operation to the PRCMD register, is valid.
As a result, register values can be overwritten only using a preset sequence, preventing invalid write
operations.
This register can only be written in 8-bit units (if it is read, an undefined value is returned).

After reset: Undefined W Address: FFFFF1FCH

7 6 5 4 3 2 1 0
PRCMD | REG7 | REG6 | REG5 | REG4 | REG3 | REG2 | REGL | REGO |

(3) System status register (SYS)
This register is allocated with status flags showing the operating state of the entire system.
This register can be read or written in 8-bit or 1-bit units.

After reset: 00H R/W Address: FFFFF802H

7 6 5 4 3 2 1 <0>
SYS | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PRERR |
PRERR Detection of protection error
0 Protection error has not occurred
1 Protection error has occurred
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The operation conditions of the PRERR flag are described below.

(a) Set conditions (PRERR =1)
(i) When a write operation to the special register takes place without write operation being performed to
the PRCMD register (when step <3> is performed without performing step <2> as described in 3.4.7
(1) Setting data to special registers).
(i) When a write operation (including bit manipulation instruction) to an on-chip peripheral 1/O register
other than a special register is performed following write to the PRCMD register (when <3> in 3.4.7
(1) Setting data to special registers is not a special register).

Remark Regarding the special registers other than the WDTM register (PCC and PSC registers), even if
on-chip peripheral 1/O register read (except bit manipulation instruction) (internal RAM access,
etc.) is performed in between write to the PRCMD register and write to a special register, the
PRERR flag is not set and setting data can be written to the special register.

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

Cautions 1. If 0 is written to the PRERR bit of the SYS register that is not a special register
immediately following write to the PRCMD register, the PRERR bit becomes 0 (write
priority).

2. If data is written to the PRCMD register that is not a special register immediately
following write to the PRCMD register, the PRERR bit becomes 1.
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3.4.8 Cautions

(1) Wait during register access

Be sure to set the following register before using the V850ES/KF1.

« System wait control register (VSWC)

After setting the VSWC register, set the other registers as required.

When using an external bus, set the VSWC register and then set the various pins to the control mode by

setting the port-related registers.

@)

(b)

System wait control register (VSWC)

The VSWC register controls the bus access wait time for the on-chip peripheral 1/O registers.

Access to the on-chip peripheral I/O register lasts 3 clocks (during no wait), but in the V850ES/KF1, waits
are required according to the internal system clock frequency. Set the values shown below to the VSWC
register according to the internal system clock frequency that is used.

This register can be read or written in 8-bit units (Address: FFFFFO6EH, After reset: 77H).

Operation Conditions Internal System Clock VSWC Register
Frequency (fcw) Setting
REGC = VoD =5 V+£10% (fx = 2 to 5 MHz) 32 kHz < feik < 16.6 MHz O00H
16.6 MHz < fcik < 20 MHz 01H
REGC =Vbp=4.0t0 5.5V 32 kHz < fepu < 16 MHz OOH
REGC = Capacity, Vbb =4.0t0 5.5V 32 kHz < fak< 8 MHz 00H
REGC =VbD=2.7t04.0V 32 kHz < feik < 8 MHz OOH

Remark fx: Main clock oscillation frequency

Access to special on-chip peripheral I/O register

This product has two types of internal system buses.

One type is for the CPU bus and the other is for the peripheral bus to interface with low-speed peripheral
hardware.

Since the CPU bus clock and peripheral bus clock are asynchronous, if a conflict occurs during access
between the CPU and peripheral hardware, illegal data may be passed unexpectedly. Therefore, when
accessing peripheral hardware that may cause a conflict, the number of access cycles is changed so that
the data is received/passed correctly in the CPU. As a result, the CPU does not shift to the next
instruction processing and enters the wait status. When this wait status occurs, the number of execution
clocks of the instruction is increased by the number of wait clocks.

Note this with caution when performing real-time processing.

When accessing a special on-chip peripheral I/O register, additional waits may be required further to the
waits set by the VSWC register.

The access conditions at that time and the method to calculate the number of waits to be inserted
(number of CPU clocks) are shown below.
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Peripheral Function Register Name Access k
Watchdog timer 1 (WDT1) WDTM1 Write 1to5
<Calculation of number of waits>
{(1/fx) x 2/((2 + m)/fcru)} + 1
fx: Main clock oscillation frequency
Watchdog timer 2 (WDT2) WDTM2 Write 3 (fixed)
16-bit timer/event counter PO TPOCCRO, TPOCCR1, Read 1
(TMPO)"** TPOCNT
<Calculation of number of waits>
{(@/fxx)[((2 + m)/fcpu)} + 1
TPOCCRO, TPOCCR1 Write Oto 2

<Calculation of number of waits>
{(1/fxx) x 5/((2 + m)/fcpu)}

A wait occurs when performing continuous write to same register

16-bit timer/event counters 00, 01
(TMO00, TMO01)

TMCO00, TMCO1

Read-modify-write

1 (fixed)
A wait occurs during write

Clocked serial interface 0 with
automatic transmit/receive function
(CSIA0)

CSIAOBO to CSIAOBF

WriteND(e 2

0 to 18 (when performing
continuous write via write
instruction)

<Calculation of number of waits>

{(1/ffscka) x 5 — (4 + m)/fcPu)}{((2 + m)/fcpu)}
However, 1 wait if fcpu = fxx if the CSIS0.CKSAO1 and CSIS0.CKSAOO bits are 00.
fscka: CSIA selection clock frequency

CSIAOBO to CSIAOBF

Write"*®?

0 to 20 (when conflict
occurs between write
instruction and write via
receive operation)

<Calculation of number of waits>
{((1/fsckA) x 5)/((2 + m)/fcpu)}

fscka: CSIA selection clock frequency

1’coe? 1ICSO Read 1 (fixed)
Asynchronous serial interfaces 0, 1 ASIS0, ASIS1 Read 1 (fixed)
(UARTO, UART1)
Real-time output function 0 (RTOO) RTBLO, RTBHO Write (when RTPCO.RTPOEO | 1
bit = 0)
A/D converter ADM, ADS, PFM, PFT Write 1to2
ADCR, ADCRH Read lto2

<Calculation of maximum number of waits>

{(U/fa0) x 2/[(2 + m)ffcpu]} + 1°**

fan: A/D selection clock frequency

Number of waits to be added = (2 + m) x k [clocks]
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Notes 1.
2.

Caution

Remark

Only in the £PD703211, 703211Y, 70F3211H, 70F3211HY

If fetched from the on-chip RAM, the number of waits is as shown above.

If fetched from the external memory, the number of waits may be fewer than the number shown
above.

The effect of the external memory access cycle differs depending on the wait settings, etc.
However, the number of waits above is the maximum value.

I’CO is available only in the products with I°C bus (Y products).

In the £4PD703211, 703211Y, 70F3210H, 70F3210HY, 70F3211H, and 70F3211HY, the calculation
is shown below.

{(1/fxx) x 2/[(2 + m)/fcpu]} + 1

When the CPU operates on the subclock and no clock is input to the X1 pin, do not access a
register in which a wait occurs using an access method that causes a wait. If a wait occurs,
it can only be released by a reset.

In the calculation for the number of waits:

fcru: CPU clock frequency

m:  Set value of bits 2 to 0 of the VSWC register
fck:  Internal system clock

When fcik < 16.6 MHz: m =0
When fcik =2 16.6 MHz. m =1

The digits below the decimal point are truncated if less than (1/fcpu)/(2 + m) or rounded up if larger
than (1/fcpu)/(2 + m) when multiplied by (1/fcpu).
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84

(2) Restriction on conflict between sld instruction and interrupt request

(@)

(b)

Description

If a conflict occurs between the decode operation of an instruction in <2> immediately before the sld
instruction following an instruction in <1> and an interrupt request before the instruction in <1> is complete,
the execution result of the instruction in <1> may not be stored in a register.

Instruction <1>
¢ |d instruction: Id.b, Id.h, Id.w, Id.bu, Id.hu
» s|d instruction: sld.b, sld.h, sld.w, sld.bu, sld.hu
* Multiplication instruction: mul, mulh, mulhi, mulu

Instruction <2>

mov regl, reg2 not regl, reg2 satsubr regl, reg2 satsub regl, reg2
satadd regl, reg2 satadd immb5, reg2 or regl, reg2 xor regl, reg2
and regl, reg2 tst regl, reg2 subr regl, reg2 sub regil, reg2
add regl, reg2 add immb5, reg2 cmp regl, reg2 cmp immb5, reg2
mulh regl, reg2 shr immb5, reg2 sar immb, reg2 shl immb5, reg2
<Example>
<i> Idw [r11], r10 If the decode operation of the mov instruction <ii> immediately before the sid

instruction <iii> and an interrupt request conflict before execution of the Id
instruction <i> is complete, the execution result of instruction <i> may not be
stored in a register.

<ii> mov rl0, r28

<iii> sld.w 0x28, r10

Countermeasure
When executing the sld instruction immediately after instruction <ii>, avoid the above operation using
either of the following methods.

* Insert a nop instruction immediately before the sld instruction.

» Do not use the same register as the sld instruction destination register in the above instruction <ii>
executed immediately before the sld instruction.
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4.1 Features

O Input-only ports: 8 pins
O /0 ports: 59 pins

» Fixed to N-ch open-drain output: 2

« Switchable to N-ch open-drain output: 6
O Input/output can be specified in 1-bit units

4.2 Basic Port Configuration

The V850ES/KF1 incorporates a total of 67 1/0 port pins consisting of ports 0, 3to 5, 7, 9, CM, CS, CT, and DL
(including 8 input-only port pins). The port configuration is shown below.

- POO
Port 0 !

~-— > P06
~——— P30
~— " P35
~——— " P38

~— " P39

-~ P40
Port 4 !

-~ P42

- P50
Port 5 !

P55

—— | P70
Port 7 !

P77

PO f+——
POl |+—
P96 [+—7—=
P99 [~—"

PI13 [+—F—

P915 [~—"—

PCMO Y
! }Port CM

PCM3 [=—
PCSO f«=——
}Port CS
PCS1 |»—
PCTO |[+———
PCTl o
PCT4 f=— | PortCT
PCT6 |[+~——

PDLO "
! }Port DL

PDL15 [+=—

Table 4-1. Pin I/O Buffer Power Supplies

Power Supply

Corresponding Pins

AVREFo Port 7

EVoo RESET, ports 0, 3t0 5, 9, CM, CS, CT, DL
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4.3 Port Configuration

Table 4-2. Port Configuration

ltem Configuration

Control registers Port n register (Pn: n=0,3t0 5,7, 9, CM, CS, CT, DL)

Port n mode register (PMn: n=0, 3to0 5, 9, CM, CS, CT, DL)

Port n mode control register (PMCn: n =0, 3to 5, 9, CM, CS, CT, DL)
Port n function control register (PFCn: n=3, 5, 9)

Port 3 function control expansion register (PFCE3)

Port n function register (PFn: n=3t0 5, 9)

Pull-up resistor option register (PUn: n=0, 3t0 5, 9)

Ports Input only: 8
1/0: 59
Pull-up resistors Software control: 31

(1) Port n register (Pn)
Data 1/0 with external devices is performed by writing to and reading from the Pn register. The Pn register is
configured of a port latch that retains the output data and a circuit that reads the pin status.
Each bit of the Pn register corresponds to one pin of port n and can be read or written in 1-bit units.

Adter reset: 00H""" (output latch) R/W

7 6 5 7 3 2 1 0
Pn | Pz | P6 | Pns | Pna | Pn3 | P2 | Pt | Pno |
Pnm Control of output data (in output mode)

0 0 is output

1 1 is output

Note Input-only port pins are undefined.

Writing to and reading from the Pn register is executed as follows independent of the setting of the PMCn register.

Table 4-3. Reading to/Writing from Pn Register

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

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

After reset: FFH R/IW

7 6 5 4 3 2 1 0
PMn [ PMn7 | Pwmn6 | Pmns | Pvna | Pwn3 | Pmn2 | Pmn1 | Pmno |

PMnm Control of I/O mode

0 Output mode

1 Input mode

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

After reset: 00H

7

R/W

6 5 4 3 2 1 0

PMCn | pmcn7 | PMcn6 | PMcns | PMcn4 | PMcn3 | PMcn2 | PMcn1 | Pmcno |

PMCnm Specification of operation mode
0 Port mode
1 Alternate function mode

(4) Port n function control register (PFCn)

PFCn is a register that specifies the alternate function to be used when one pin has two or more alternate

functions.

Each bit of the PFCn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00OH

7

R/IW

6 5 4 3 2 1 0

PFCn | PFCn7 ‘ PFCn6 ‘ PFCn5 ‘ PFCn4 ‘ PFCn3 ‘ PFCn2 ‘ PFCn1 ‘ PFCnO |

PFCnm

Specification of alternate function

0

Alternate function 1

1

Alternate function 2
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(5) Port n function control expansion register (PFCEn)

PFCEn is a register that specifies the alternate function to be used when one pin has three or more alternate

functions.
Each bit of the PFCERn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 ! 0
PFCEn | PFCEN7 | PFCEn6 | PFCENS | PFCEn4 | PFCEN3 | PFCEN2 | PFCEN | PFCENO |

7 6 5 4 3 2 ! 0
Prcn | PRCn7 | PFCne | PFens | PRcna | PRens | pren2 | Prent | pReno |

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

(6) Port n function register (PFn)
PFn is a register that specifies normal output/N-ch open-drain output.
Each bit of the PFn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 1 0
PFn | PFn7 | PFn6 | PFns | PFn4 | PFn3 | PFn2 | PEn1 | PFno |

PFnm"\°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 is valid only when the PMn.PMnm bit is O (output mode) regardless of the setting of the
PMCn register. When the PMnm bit is 1 (input mode), the set value in the PFn register is invalid.

Example <1> When the value of the PFn register is valid
PFnm bit = 1 ... N-ch open-drain output is specified.
PMnm bit = 0 ... Output mode is specified.
PMCnmbit=0or 1

<2> When the value of the PFn register is invalid

PFnm bit = 0 ... N-ch open-drain output is specified.
PMnm bit = 1 ... Input mode is specified.
PMCnmbit=0or 1

88
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(7) Pull-up resistor option register (PUn)
PUn is a register that specifies the connection of an on-chip pull-up resistor.

Each bit of the PUn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 1 0
PUn | pun7 | Pune | Puns | Pun4 | Pun3 | Pun2 | Pum | Puno |

PUnm Control of on-chip pull-up resistor connection
0 Not connected
1 Connected
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(8) Port settings
Set the ports as follows.

Figure 4-1. Register Settings and Pin Functions

Port mode

Output mode

PMn register

Input mode

Alternate function
(when two alternate
functions are available)

“g

Alternate function 1

PFCn register PMChn register

Alternate function 2

Alternate function
(when three or more alternate

_ ' wpr
functions are available)

Alternate function 1 (a)

Alternate function 2 —| (0) PFCn register
PFCEnm | PFCnm
(c)

Alternate function 3 — | PFCERN register (a)
(d) (b)
(c)

Alternate function 4 (d)

\ J

Remark Switch to the alternate function using the following procedure.

[l Ll (=2 =}
PO~ |O

<1> Setthe PFCn and PFCEn registers.
<2> Setthe PMCn register.
<3> Setthe 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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4.3.1 PortO
Port 0 is a 7-bit 1/0 port for which I/O settings can be controlled in 1-bit units.
Port 0 includes the following alternate functions.

Table 4-4. Alternate-Function Pins of Port O

Pin Name Pin No. Alternate Function I/0 PULL™" Remark Block Type
P00 3 TOHO Output Yes — D-2
PO1 4 TOH1 Output D-2
P02 5 NMI Input Analog noise elimination H-1
P03 6 INTPO Input H-1
P04 7 INTP1 Input H-1
P05 17 INTP2 Input H-1
P06 18 INTP3 Input H-1

Note Software pull-up function

Caution P02 to P06 have hysteresis characteristics when the alternate function is input, but not in the
port mode.

(1) Port O register (PO)

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

7 6 5 4 3 2 1 0
PO | o | pPos | Pos | Poa | Pos | Po2 | pPor | pPoo |
PONn Control of output data (in output mode) (n = 0 to 6)

0 0 is output

1 1 is output

(2) Port 0 mode register (PM0)

After reset: FFH R/W Address: FFFFF420H

7 6 5 4 3 2 1 0
PMo | 1 | pmos | Pmos | Pmosa | Pmo3 | Pmoz | Pmor | PMoO |
PMON Control of /0O mode (n =0 to 6)

0 Output mode

1 Input mode
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(3) Port 0 mode control register (PMCO)

After reset: OOH R/W Address: FFFFF440H

7 6 5 4 3 2 1 0
Pmco | o | Pmcos | Pmcos | Pmcos4 | PMco3 | PMco2 | PMco1 | Pmcoo |

PMCO06 Specification of P06 pin operation mode

0 1/0 port

1 INTP3 input
PMCO05 Specification of PO5 pin operation mode

0 1/0 port

1 INTP2 input
PMCO04 Specification of P04 pin operation mode

0 1/0 port

1 INTP1 input

PMCO03 Specification of PO3 pin operation mode
0 1/0 port
1 INTPO input

PMC02 Specification of P02 pin operation mode
0 1/0 port
1 NMI input

PMCO1 Specification of PO1 pin operation mode
0 1/0 port
1 TOH1 output

PMCO00 Specification of POO pin operation mode

0 1/0 port
1 TOHO output

(4) Pull-up resistor option register 0 (PUOQ)

After reset: 00H R/W Address: FFFFFC40H

7 6 5 4 3 2 1 0
puo [ o | Puos | Puos | puo4 | Puos | Puoz | puor | Puco |
PUON Control of on-chip pull-up resistor connection (n = 0 to 6)

0 Not connected
1 Connected
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4.3.2 Port 3

Port 3 is an 8-bit I/0 port for which I/O settings can be controlled in 1-bit units.

Port 3 includes the following alternate functions.

Table 4-5. Alternate-Function Pins of Port 3

Pin Name Pin No. Alternate Function I/O PULL""* Remark Block Type
P30 22 TXDO Output | Yes - D-2
P31 23 RXDO Input D-1-1
P32 24 ASCKO Input D-1-2
P33 25 TI000/TO00/TIP0O"™"*?/ /10 E-6""°%

TOP00"™*? G-7-1""*?
P34 26 TIO0L/TIPO1™" % I/O D-1-2"¥
TOPO1"*? G-7-2"*
P35 27 T1010/TOO01 /0 E-6
P38 28 SDAQ"™"*® 110 No™e* N-ch open-drain output K
P39 29 SCLO™** e} K
Notes 1. Software pull-up function
2. Only in the 4PD703211, 703211Y, 70F3211H, 70F3211HY
3. Only in the 4PD703208, 703208Y, 703209, 703209Y, 703210, 703210Y, 70F3210, 70F3210Y,
70F3210H, 70F3210HY
4. An on-chip pull-up resistor can be provided by a mask option (only in the mask ROM versions).
5. Only in products with an I°C bus (Y products)

Caution P31 to P35, P38, and P39 have hysteresis characteristics when the alternate function is input, but

not in the port mode.
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(1) Port 3register (P3)

After reset: 00H (output latch) R/W Address: P3 FFFFF406H,
P3L FFFFF406H, P3H FFFFF407H

15 14 13 12 11 10 9 8
P33 | o | o | o | o | o | o | pa | p3 |
7 6 5 4 3 2 i 0
®3) [ o | o | pss | paa | P | P32 | P31 | P30 |
P3n Control of output data (in output mode) (n=0to 5, 8, 9)

0 0 is output

1 1 is output

Note When reading from or writing to 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.

Remark The P3 register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the P3 register are used as

the P3H register and as the P3L register, respectively, this register can be read or
written in 8-bit or 1-bit units.

(2) Port 3 mode register (PM3)

After reset: FFFFH R/W Address: PM3 FFFFF426H,
PM3L FFFFF426H, PM3H FFFFF427H

15 14 13 12 11 10 9 8
pmaemaH) [ 1 [ 1 | 1 [ 1 | 1 | 1 | pm3e | pmss |
7 6 5 4 3 2 ! 0
vy | 1 | 1 | pwmss | Pm34 | Pmss | Pwms2 | Pms1 | Pm3o |
PM3n Control of I/O mode (n=0t0 5, 8, 9)

0 Output mode

1 Input mode

Note When reading from or writing to 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.

Remark The PM3 register can be read or written in 16-bit units.
When the higher 8 bits and the lower 8 bits of the PM3 register are used as the PM3H

register and as the PM3L register, respectively, this register can be read or written in
8-bit or 1-bit units.
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(3) Port 3 mode control register (PMC3)

After reset: 0000H R/W Address: PMC3 FFFFF446H,
PMC3L FFFFF446H, PMC3H FFFFF447H

15 14 13 12 11 10 9 8
pmcaPmcaH™y | o | o | o | o | o | o [|pmcage?|pmcss*
7 6 5 4 3 2 1 0
Pmca) [ o | o | Pmcss | pmca4 | PMca3 | Pmcs2 | PMcal | PMCao |
PMC39 Specification of P39 pin operation mode
0 1/0 port
1 SCLO I/O
PMC38 Specification of P38 pin operation mode
0 1/0 port
1 SDAO 1/0
PMC35 Specification of P35 pin operation mode
0 1/0 port

1 TI010 input/TOO1 output

PMC34 Specification of P34 pin operation mode
0 1/0 port
1 TI001 input/TIPO1 input****TOPO1 output™°*®3

PMC33 Specification of P33 pin operation mode
0 1/0 port
1 TI000 input/TO00 output/TIPOO input°'® 3 TOPOO output™°'e 3

PMC32 Specification of P32 pin operation mode
0 1/0 port
1 ASCKO input

PMC31 Specification of P31 pin operation mode
0 1/0 port
1 RXDO input

PMC30 Specification of P30 pin operation mode
0 1/0 port
1 TXDO output

Notes 1. When reading from or writing to 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.

2. Valid only in products with an 1°C bus (Y products). In all other products, set this bit to

0.
3. Only in the xPD703211, 703211Y, 70F3211H, 70F3211HY

Remark The PMC3 register can be read or written in 16-bit units.

When the higher 8 bits and the lower 8 bits of the PMC3 register are used as the
PMC3H register and as the PMC3L register, respectively, this register can be read or

written in 8-bit or 1-bit units.
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(4) Port 3 function register H (PF3H)

After reset: 00H R/W Address: FFFFFC67H

6 5 4 3 2 1 0
prsH | o | o | o | o | o | o [ prao | pras |
PF3n Specification of normal port/alternate function (n = 8, 9)

0 When used as normal port (N-ch open-drain output)
1 When used as alternate-function (N-ch open-drain output)

Caution When using P38 and P39 as N-ch open-drain-output alternate-function pins, set in
the following sequence.

Be sure to set the port latch to 1 before setting the pin to N-ch open-drain output.
P3n bit=1 - PF3n bit=1 - PMC3n bit=1

(5) Port 3 function control register (PFC3)

(a) uPD703208, 703208Y, 703209, 703209Y, 703210, 703210Y, 70F3210, 70F3210Y, 70F3210H, 70F3210HY

After reset: 00H R/W Address: FFFFF466H

7 6 5 4 3 2 1 0
PFc3 [ o | o |preas| o [preas| o | o | o |
PFC35 Specification of alternate-function pin of P35 pin

0 TI010 input
1 TOO1 output

PFC33 Specification of alternate-function pin of P33 pin
0 TI000 input
1 TOOO output

Caution Always clear bits 0 to 2, 4, 6, and 7 of the PFC3 register to 0.
(b) 4PD703211, 703211Y, 70F3211H, 70F3211HY

After reset: 00H R/W Address: FFFFF466H

7 6 5 4 3 2 1 0
PFc3 [ o | o | Preas|prcas [ Prcas| o | o | o |

Caution Always clear bits 0to 2, 6, and 7 of the PFC3 register to 0.

Remark For details of specification of alternate-function pins, refer to 4.3.2 (8) Specifying
alternate-function pins of port 3.
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Note

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

Note Only in the 1/PD703211, 703211Y, 70F3211H, 70F3211HY

After reset: 0OH R/W Address: FFFFF706H

7 6 5 4 3 2 1 0
Prces | o | o | o |prcesalprcess] o | o | o |

Remark For details of specification of alternate-function pins, refer to 4.3.2 (8) Specifying
alternate-function pins of port 3.

(7) Pull-up resistor option register 3 (PU3)

After reset: 00H R/W Address: FFFFFC46H

7 6 5 4 3 2 1 0
PU3 | 0 ‘ 0 ‘ PU35 ‘ PU34 ‘ PU33 ‘ PU32 ‘ PU31 ‘ PU30 |
PU3n Control of on-chip pull-up resistor connection (n = 0 to 5)
0 Not connected
1 Connected

Caution An on-chip pull-up resistor can be provided for P38 and P39 by a mask option
(only in the mask ROM versions).

Note

(8) Specifying alternate-function pins of port 3

Note Only in the 1/PD703211, 703211Y, 70F3211H, 70F3211HY

PFC35 Specification of Alternate-Function Pin of P35 Pin
0 TI010 input
1 TOO1 output

PFCE34 PFC34 Specification of Alternate-Function Pin of P34 Pin
0 0 TI001 input

Setting prohibited

0 1
1 0 TIPO1 input
1 1 TOPO1 output

PFCE33 PFC33 Specification of Alternate-Function Pin of P33 Pin
0 0 TI000 input
0 1 TOO0O output
1 0 TIPOO input
1 1 TOPOO output
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4.3.3 Port 4
Port 4 is a 3-bit I/O port for which 1/O settings can be controlled in 1-bit units.
Port 4 includes the following alternate functions.

Table 4-6. Alternate-Function Pins of Port 4

Pin Name Pin No. Alternate Function I/0 PULL™" Remark Block Type
P40 19 SI00 Input Yes - D-1-2
P41 20 SO00 Output N-ch open-drain output can F-1
P42 21 SCKO00 1o be selected. F-2

Note Software pull-up function

Caution P40 and P42 have hysteresis characteristics when the alternate function is input, but not in the
port mode.

(1) Port 4 register (P4)

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

6 4 3 2 1 0
pa | o | o | o | o | o | pa2z | P | pao |
P4n Control of output data (in output mode) (n =0 to 2)

0 0 is output

1 1 is output

(2) Port 4 mode register (PM4)

After reset: FFH R/W  Address: FFFFF428H

6 5 4 3 2 1 0
ma | 1 | 1 | 1 | 1 | 1 | pmaz | pmar | pwmao |
PM4n Control of I/O mode (n=0to 2)

0 Output mode

1 Input mode

98 User's Manual U16891EJ1VOUD



CHAPTER 4 PORT FUNCTIONS

(3) Port 4 mode control register (PMC4)

After reset: 00H R/W  Address: FFFFF448H

6 5 4 3 2 1 0
pmca | o | o | o | o | o |pmcaz | pmcar | pmcao |
PMC42 Specification of P42 pin operation mode
0 1/0 port

1 SCKO00 I/0

PMC41 Specification of P41 pin operation mode

0 1/O port
1 SOO00 output

PMC40 Specification of P40 pin operation mode

0 1/0O port
1 SI00 input

(4) Port 4 function register (PF4)

After reset: 00H R/W Address: FFFFFC68H

7 6 5 4 3 2 1 0
PF4 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PF42 ‘ PF41 ‘ 0 |
PF4n Control of normal output/N-ch open-drain output
0 Normal output
1 N-ch open-drain output

Caution When using P41 and P42 as N-ch open-drain-output alternate-function pins, set in
the following sequence.
Be sure to set the port latch to 1 before setting the pin to N-ch open-drain output.
P4n bit=1 - PF4n bit=1 - PMC4n bit=1

(5) Pull-up resistor option register 4 (PU4)

After reset: 00H R/W Address: FFFFFC48H

7 6 5 4 3 2 1 0
pusa | o | o | o | o | o | pus | pusr | puso |
PU4n Control of on-chip pull-up resistor connection (n = 0 to 2)
0 Not connected
1 Connected
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4.3.4 Port5

Port 5 is a 6-bit I/O port for which 1/O settings can be controlled in 1-bit units.

Port 5 includes the following alternate functions.

Table 4-7. Alternate-Function Pins of Port 5

Pin Name Pin No. Alternate Function I/0 PULL™" Remark Block Type
P50 32 TI011/RTPO0/KRO 1/0 Yes — E-5
P51 33 TI50/RTPO1/KR1 110 E-5
P52 34 TO50/RTP0O2/KR2 1/0 E-4
P53 35 SIA0/RTPO3/KR3 110 E-5
P54 36 SOAO/RTPO04/KR4 1/0 N-ch open-drain output can G-1
P55 37 SCKAO/RTPO5/KRS 1o be selected. G-2

Note Software pull-up function

(1) Port 5register (P5)

After reset: 00H (output latch) R/W Address: FFFFF40AH
6 5 4 3 2 1 0
ps | o | o | pss | psa | ps3 | ps2 | P51 | pso |
P5n Control of output data (in output mode) (n = 0 to 5)
0 0 is output
1 1 is output
(2) Port 5 mode register (PM5)
After reset: FFH R/W Address: FFFFF42AH
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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(3) Port 5 mode control register (PMC5)

After reset: 00H R/W Address: FFFFF44AH

7 6 5 4 3 2 1 0
Pmcs | o 0 | PMCs5 | PMC54 | PMC53 | PMC52 | PMC51 | PMCSO |
PMC55 Specification of P55 pin operation mode

0 I/0 port/KR5 input
1 SCKAO I/O/RTPO5 output

PMC54 Specification of P54 pin operation mode

0 I/0 port/KR4 input
1 SOAO output/RTP04 output

PMC53 Specification of P53 pin operation mode

0 I/0 port/KR3 input
1 SIAO input/RTP03 output

PMC52 Specification of P52 pin operation mode

0 I/0 port/KR2 input
1 TOS50 output/RTP0O2 output

PMC51 Specification of P51 pin operation mode

0 I/0 port/KR1 input
1 TI50 input/RTPO1 output

PMC50 Specification of P50 pin operation mode

0 I/O port/KRO input
1 TI1011 input/RTPOO output

(4) Port 5 function register 5 (PF5)

After reset: 00H R/W Address: FFFFFC6AH

6 5 4 3 2 1 0
PFs | o 0 | PFs5 | PFs4 | 0O 0 0 o |
PF5n Control of normal output/N-ch open-drain output (n = 4, 5)
0 Normal output
1 N-ch open-drain output

Cautions 1. Always set bits 0to 3, 6, and 7 of the PF5 register to 0.
2. When using P54 and P55 as N-ch open-drain-output alternate-function pins, set in
the following sequence.
Be sure to set the port latch to 1 before setting the pin to N-ch open-drain output.
P5n bit=1 - PF5n bit=1 - PMC5n bit=1
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(5) Port 5 function control register (PFC5)

After reset: 0OH R/W  Address: FFFFF46AH

6 5 4 3 2 1 0
Prcs | o | o | prcss | Presa | press | pres2 | PRCs1 | PRCsO |
PFC55 Specification of alternate-function pin of P55 pin

0 SCKAOQ I/O
1 RTPOS5 output

PFC54 Specification of alternate-function pin of P54 pin
0 SOAO output
1 RTPO4 output

PFC53 Specification of alternate-function pin of P53 pin
0 SIAQ input
1 RTPO3 output

PFC52 Specification of alternate-function pin of P52 pin

0 TOS50 output
1 RTPO2 output

PFC51 Specification of alternate-function pin of P51 pin

0 TI50 input

1 RTPO1 output

PFC50 Specification of alternate-function pin of P50 pin

0 TI011 input
1 RTPOO output

(6) Pull-up resistor option register 5 (PU5)

After reset: 00H R/W Address: FFFFFC4AH

6 5 4 3 2 1 0
pus [ o | o | puss | pusa | Puss | pus2 | Pusi | Puso |
PU5Nn Control of on-chip pull-up resistor connection (n = 0 to 5)

0 Not connected
1 Connected
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4.3.5 Port7

Port 7 is an 8-bit input-only port for which all the pins are fixed to input.

Port 7 includes the following alternate functions.

Table 4-8. Alternate-Function Pins of Port 7

Pin Name Pin No. Alternate Function I/0 PULL™" Remark Block Type
P70 80 ANIO Input No - A-1
P71 79 ANI1 Input A-1
P72 78 ANI2 Input A-1
P73 77 ANI3 Input A-1
P74 76 ANI4 Input A-1
P77 75 ANI5 Input A-1
P76 74 ANI6 Input A-1
P77 73 ANI7 Input A-1

Note Software pull-up function
(1) Port 7 register (P7)
After reset: Undefined R Address: FFFFF40EH
7 6 5 4 3 2 1 0
P7 | Pz | pre | prs | Pa | P13 | P2 | P | Pr0 |
P7n Input data read (n =0to 7)
0 Input low level
1 Input high level
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4.3.6 Port9
Port 9 is a 9-bit I/O port for which 1/O settings can be controlled in 1-bit units.
Port 9 includes the following alternate functions.

Table 4-9. Alternate-Function Pins of Port 9

Pin Name Pin No. Alternate Function 1/0 PULL"™" Remark Block Type
P90 38 TXD1/KR6 I/0 No — E-9
P91 39 RXD1/KR7 I/0 E-7
P96 40 TI51/TO51 I/O E-9
P97 41 SI01 110 E-8
P98 42 S001 Output N-ch open-drain output can G-9
P99 43 SCKo1 1o be specified. G-8
P913 44 INTP4 110 Analog noise elimination H-3
P914 45 INTPS I/0 H-3
P915 46 INTP6 110 H-3

Note Software pull-up function

Caution P97, P99, and P913 to P915 have hysteresis characteristics when the alternate function is input,
but not in the port mode.
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(1) Port 9 register (P9)

After reset: 00H (output latch) R/W Address: P9H FFFFF412H,
PIL FFFFF412H, P9H FFFFF413H

15 14 13 12 11 10 9 8

PoPoH™) | Po1s | Pora | Po1s | o | o | o | poo | pos |
7 6 5 4 3 2 1 0

®Por) | por | Pos | o 0 0 o | po1 | poo |
P9n Control of output data (in output mode) (n=0, 1, 6 t0 9, 13 to 15)

0 0 is output

1 1 is output

Note When reading from or writing to 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.

Remark The P9 register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the P9 register are used as
the P9H register and as the PIL register, respectively, these registers can be read or
written in 8-bit or 1-bit units.

(2) Port 9 mode register (PM9)

After reset: FFFFH R/W Address: PM9 FFFFF432H,
PMOL FFFFF432H, PM9H FFFFF433H

15 14 13 12 11 10 9 8
PM9 (PMOH") [ Pmo15 | PMo14 | PMo13 | o | o | o | Pmos | Pmgs |
7 6 5 4 3 2 1 0
PmoL) | pmo7 | Pmos | o 0 0 o | pmor | Pmoo |
PM9n Control of /O mode (n=0,1,6t09,13t05)

0 Output mode

1 Input mode

Note When reading from or writing to 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.

Remark The PM9 register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the PM9 register are used as
the PM9H register and as the PMOL register, respectively, this register can be read or
written in 8-bit or 1-bit units.
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(3) Port 9 mode control register (PMC9)

After reset: 0000H R/W Address: PMC9 FFFFF452H,
PMCOL FFFFF452H, PMC9H FFFFF453H

15 14 13 12 11 10 9 8
PMCO (PMCOH™) | PMCo15| PMco14| PMco13| 0 | o | o | Pmcog | Pmcos |
7 6 5 4 3 2 ! 0
PmcaL) | Pmco7 [ Pmces | o | o | o | o | Pwmcor | Pmcoo |
PMC915 Specification of P915 pin operation mode
0 1/O port

1 INTP6 input

PMC914 Specification of P914 pin operation mode
0 1/0O port
1 INTP5 input

PMC913 Specification of P913 pin operation mode
0 1/0 port
1 INTP4 input

PMC99 Specification of P99 pin operation mode

0 1/0 port
1 SCKO1 I/0

PMC98 Specification of P98 pin operation mode

0 1/0 port
1 SO01 output

PMC97 Specification of P97 pin operation mode
0 1/0 port
1 SI01 input

PMC96 Specification of P96 pin operation mode

0 1/0 port/TI51 input

1 TO51 output

PMC91 Specification of P91 pin operation mode
0 1/0 port/KR7 input
1 RXD1 input

PMC90 Specification of P90 pin operation mode
0 1/0O port/KR6 input
1 TXD1 output

Note When reading from or writing to 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.

Remark The PMCO register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the PMC9 register are used
as the PMC9H register and as the PMCOIL register, respectively, these registers can
be read or written in 8-bit or 1-bit units.
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(4) Port 9 function register H (PF9H)

After reset: 00H R/W Address: FFFFFC73H

7 6 5 4 3 2 1 0
preH | o | o | o | o | o | o | prog | pros |
PF9n Control of normal output/N-ch open-drain output (n =0, 1)
0 Normal output
1 N-ch open-drain output

Caution When using P98 and P99 as N-ch open-drain-output alternate-function pins, set
in the following sequence.

Be sure to set the port latch to 1 before setting the pin to N-ch open-drain
output.

P9n bit =1 —» PFC9n bit = 0/1 —» PF9n bit =1 - PMC9n bit=1

(5) Port 9 function control register (PFC9)

Caution When port 9 is set to its alternate function by the PMC9.PMC9n bit with the PFC9n bit
maintaining the initial value (0), output becomes undefined. Therefore, to specify port 9 to

alternate function 2, set the PFC9n bit to 1 first and then set the PMC9n bitto 1 (n =0, 1, 6 to
9, 13 to 15).
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After reset: 0000H

R/W Address: PFC9 FFFFF472H,

PFCOL FFFFF472H, PFCOH FFFFF473H

15 14 13 12 11 10 9 8
PFCO (PFCOH™) [ PFCo10 | PFCo10 | PFCOt0| o 0 0 | Prcog | PFces |
7 6 5 4 3 2 1 0
PrcoL) | Prco7 [ PFcos | o | o | o | o | PFcor | preoo |
PFC915 Specification of alternate-function pin of P915 pin
1 INTP6 input
PFC914 Specification of alternate-function pin of P914 pin
1 INTP5 input
PFC913 Specification of alternate-function pin of P913 pin
1 INTP4 input
PFC99 Specification of alternate-function pin of P99 pin
1 SCKO01 I/0
PFC98 Specification of alternate-function pin of P98 pin
1 SOO01 output
PFC97 Specification of alternate-function pin of P97 pin
1 SI01 input
PFC96 Specification of alternate-function pin of P96 pin
1 TO51 output
PFC91 Specification of alternate-function pin of P91 pin
1 RXD1 input
PFC90 Specification of alternate-function pin of P90 pin
1 TXD1 output

Note When reading from or writing to 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 The PFC9 register can be read or written in 16-bit units only.

However, when the higher 8 bits and the lower 8 bits of the PFC9 register are used as
the PFC9H register and as the PFCOL register, respectively, these registers can be

read or written in 8-bit or 1-bit units.
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(6) Pull-up resistor option register 9 (PU9)

R/W Address: PU9 FFFFFC52H,

After reset: 0000H
PU9L FFFFFC52H, PU9H FFFFFC53H

15 14 13 12 11 10 9 8
PU9 (PUSH™*) | Pu9ls | PU94 | PUOs| o | o | o | puse | puss |
7 6 5 4 3 2 1 0
Puot) | puer | Puss | o 0 o | o | puer | puso |
PU9N Control of on-chip pull-up resistor connection (n =0, 1, 6 t0 9, 13 to 15)
0 Not connected
1 Connected

Note When reading from or writing to 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.

Remark The PU9 register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the PU9 register are used as

the PU9H register and as the PUIL register, respectively, these registers can be read

or written in 8-bit or 1-bit units.
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4.3.7 Port CM
Port CM is a 4-bit I/O port for which 1/O settings can be controlled in 1-bit units.
Port CM includes the following alternate functions.

Table 4-10. Alternate-Function Pins of Port CM

Pin Name Pin No. Alternate Function 1/0 PULL"™" Remark Block Type
PCMO 49 WAIT Input No - c-1
PCM1 50 CLKOUT Output c-2
PCM2 51 HLDAK Output c-2
PCM3 52 HLDRQ Input c-1

Note Software pull-up function

(1) Port CM register (PCM)

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

7 6 5 4 3 2 1 0
peMv | o | o | o | o | pcms| pcmz | pomi | powmo |
PCMn Control of output data (in output mode) (n =0 to 3)

0 0 is output

1 1 is output

(2) Port CM mode register (PMCM)

After reset: FFH R/W Address: FFFFF02CH

7 6 5 4 3 2 ! 0
pmeM | 1 | 1 | 1 | 1 [Pmcms|pmemz | Pvema | PMemo |
PMCMn Control of I/O mode (n =0 to 3)

0 Output mode

1 Input mode
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(3) Port CM mode control register (PMCCM)

After reset: 00OH

R/W Addres

s: FFFFFO4CH

4 3 2 1 0

pmceM | 0 o | o | o |pmccmslpmcemz|Pmcemi|Pmcemol

PMCCM3 Specification of PCM3 pin operation mode
0 1/0 port
1 HLDRQ input

PMCCM2 Specification of PCM2 pin operation mode
0 1/0 port
1 HLDAK output

PMCCM1 Specification of PCM1 pin operation mode
0 1/0 port
1 CLKOUT output

PMCCMO Specification of PCMO pin operation mode
0 1/0 port
1 WAIT input
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4.3.8 Port CS

Port CS is a 2-bit 1/0 port for which I/O settings can be controlled in 1-bit units.
Port CS includes the following alternate functions.

Table 4-11. Alternate-Function Pins of Port CS

Pin Name Pin No. Alternate Function 1/0 PULL"™" Remark Block Type
PCSO 47 CSO0 Output No - C-3
PCS1 48 CS1 Output C-3

Note Software pull-up function

(1) Port CS register (PCS)

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

Address: FFFFFO08H

6 4 3 2 1 0
Pcs | o 0 0 0 0 o | pcs1 | pcso |
PCSn Control of output data (in output mode) (n =0, 1)
0 0 is output
1 1 is output
(2) Port CS mode register (PMCS)
After reset: FFH R/W Address: FFFFF028H
6 5 4 3 2 1 0
PMcs | 1 1 1 T 1 | Pmcst | pmeso |
PMCSn Control of I/O mode (n =0, 1)

0 Output mode

1 Input mode

(3) Port CS mode control register (PMCCS)

After reset: 00H R/W Address: FFFFF048H

1 0

pmccs | o | o | o | o 0 0 |Pmccsi|pmceso|
PMCCSn Specification of PCSn pin operation mode (n =0, 1)
0 1/0 port
1 CSn output
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4.3.9 Port CT
Port CT is a 4-bit I/0 port for which 1/O settings can be controlled in 1-bit units.
Port CT includes the following alternate functions.

Table 4-12. Alternate-Function Pins of Port CT

Pin Name Pin No. Alternate Function 110 PULL"™" Remark Block Type
PCTO 53 WRO Output No - C-3
PCT1 54 WR1 Output C-3
PCT4 55 RD Output c-3
PCT6 56 ASTB Output C-3

Note Software pull-up function
(1) Port CT register (PCT)
After reset: 00H (output latch) R/W Address: FFFFFOOAH
7 6 5 4 3 2 1 0
pcT | o | pPcte| o [pcta | o | o | pcri | pcro |
PCTn Control of output data (in output mode) (n =0, 1, 4, 6)
0 0 is output
1 1 is output
(2) Port CT mode register (PMCT)
After reset: FFH R/W Address: FFFFFO2AH
7 6 5 4 3 2 1 0
pmct | 1 |pwmete| 1 |pmcta| 1 | 1 |pmcri | Pmcro |
PMCTn Control of I/O mode (n =0, 1, 4, 6)
0 Output mode
1 Input mode
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(3) Port CT mode control register (PMCCT)

After reset: 00H R/W Address: FFFFFO4AH

7 6 5 4 3 2 1 0
PMCCT | 0 ‘ PMCCTG‘ 0 ‘ PMCCT4‘ 0 0 ‘PMCCTl ‘ PMCCTOl
PMCCT6 Specification of PCT6 pin operation mode
0 1/O port

1 ASTB output

PMCCT4 Specification of PCT4 pin operation mode

0 1/O port
1 RD output

PMCCT1 Specification of PCT1 pin operation mode
0 1/O port
1 WR1 output

PMCCTO Specification of PCTO pin operation mode
0 1/O port
1 WRO output
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4.3.10 Port DL
Port DL is a 16-bit I/O port for which 1/O settings can be controlled in 1-bit units.
Port DL includes the following alternate functions.

Table 4-13. Alternate-Function Pins of Port DL

Pin Name Pin No. Alternate Function 110 PULL"™" Remark Block Type
PDLO 57 ADO 1/0 No - C-4
PDL1 58 AD1 1/0 C-14
PDL2 59 AD2 1/0 C-4
PDL3 60 AD3 /10 C-4
PDL4 61 AD4 110 c-4
PDL5 62 AD5 /0 C-4
PDL6 63 AD6 1/0 C-14
PDL7 64 AD7 1/0 C-4
PDL8 65 AD8 /10 C-4
PDLDL 66 AD9 1/0 C-4
PDL10 67 AD10 /10 C-4
PDL11 68 AD11 1/0 C-14
PDL12 69 AD12 1/0 C-4
PDL13 70 AD13 1/0 C-14
PDL14 71 AD14 1/0 C-4
PDL15 72 AD15 /10 C-4

Note Software pull-up function
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(1) Port DL register (PDL)

After reset: 00H (output latch) R/W Address: PDL FFFFF004H,
PDLL FFFFFO04H, PDLH FFFFFOO5H

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 0 is output

1 1 is output

Note When reading from or writing to 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.

Remark The PDL register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the PDL register are used as
the PDLH register and as the PDLL register, respectively, these registers can be read
or written in 8-bit or 1-bit units.

(2) Port DL mode register (PMDL)

After reset: FFFFH R/W Address: PMDL FFFFF024H,
PMDLL FFFFF024H, PMDLH FFFFF025H

15 14 13 12 11 10 9 8
PMDL (PMDLH") [ PMDL15| PMDL14 | PMDL13| PMDL12 | PMDL11 | PMDL10 | PMDLY | PMDLS |

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

PMDLnN Control of I/0O mode (n =0 to 15)

0 Output mode

1 Input mode

Note When reading from or writing to 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.

Remark The PMDL register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the PMDL register are used
as the PMDLH register and as the PMDLL register, respectively, these registers can
be read or written in 8-bit or 1-bit units.
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(3) Port DL mode control register (PMCDL)

After reset: 0000H R/W Address: PMCDL FFFFF044H,
PMCDLL FFFFF044H, PMCDLH FFFFF045H

15 14 13 12 11 10 9 8
PMCDL (PMCDLH'®) |PMCDL15‘PMCDL14‘PMCDL13‘PMCDL12‘PMCDLll‘PMCDLlO‘ PMCDL9 ‘ PMCDL8|

7 6 5 4 3 2 1 0
(PMCDLL) | PMCDL?‘ PMCDLG‘ PMCDLS‘ PMCDL4 ‘ PMCDL3 ‘ PMCDL2 ‘ PMCDL1 ‘ PMCDLOl

PMCDLn Specification of PDLn pin operation mode (n = 0 to 15)
0 1/0 port

1 ADn I/O (address/data bus 1/O)

Note When reading from or writing to bits 8 to 15 of the PMCDL register in 8-bit or 1-bit units,

specify these bits as bits 0 to 7 of the PMCDLH register.

Caution When specifying the port/alternate function for each bit, pay careful attention to

the operation of the alternate functions.

Remark The PMCDL register can be read or written in 16-bit units.

However, when the higher 8 bits and the lower 8 bits of the PMCDL register are used
as the PMCDLH register and as the PMCDLL register, respectively, these registers

can be read or written in 8-bit or 1-bit units.
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4.4 Block Diagrams

Figure 4-2. Block Diagram of Type A-1
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Figure 4-4. Block Diagram of Type C-2
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Figure 4-5. Block Diagram of Type C-3
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Remark Output buffer off signal: Signal that is asserted in the IDLE or STOP mode, or when the bus is held.
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Figure 4-6. Block Diagram of Type C-4
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Remark Output buffer off signal: Signal that is asserted in the IDLE or STOP mode, or when the bus is held.
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Figure 4-7. Block Diagram of Type D-1-1
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Figure 4-8. Block Diagram of Type D-1-2
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Figure 4-9. Block Diagram of Type D-2
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Figure 4-10. Block Diagram of Type E-4
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Figure 4-11. Block Diagram of Type E-5
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Figure 4-12. Block Diagram of Type E-6
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Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-13. Block Diagram of Type E-7

EVop
™M WReru
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CHAPTER 4 PORT FUNCTIONS

Figure 4-14. Block Diagram of Type E-8

EVop
™M WReru
PUmMN DO i P-ch
WRpFc
PFCmn
WRpMc
PMCmn o
4 WRem
o)
©
£
E PMmn
WRpoRT
Output latch
(Pmn) © Pmn
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% I Note
n 3 ﬂ|>
RD
N, bl
Address L]

Input signal of
alternate-function 2

Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-15. Block Diagram of Type E-9
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CHAPTER 4 PORT FUNCTIONS

Figure 4-16. Block Diagram of Type F-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-17. Block Diagram of Type F-2

EVop
™M WRpu
PUMN >c H P-ch
WReF
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Q
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e
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RD alternate-function 1

Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-18. Block Diagram of Type G-1
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HAPTER 4 PORT FUNCTIONS

Figure 4-19. Block Diagram of Type G-2

Output enable signal of
alternate-function 1

Input signal of
alternate-function 1

——

—

Alternate-function input =——
signal in port mode
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CHAPTER 4 PORT FUNCTIONS

Figure 4-20. Block Diagram of Type G-7-1

EVop
WReru
M\
PUmMN D@ i P-ch
WRpFcE
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WRpFc
PFCmn
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Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-21. Block Diagram of Type G-7-2

EVop
WRepu
M\
PUMN {>o H P-ch
WRPpFce
PFCEmn
WRpFc
PFCmn
WRepMc
PMCmn *
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©
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Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-22. Block Diagram of Type G-8
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Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-23. Block Diagram of Type G-9
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CHAPTER 4 PORT FUNCTIONS

Figure 4-24. Block Diagram of Type H-1

EVob
M\
WRpu
PUmN DC i P-ch
WRIiNTR
INTRmnNete 1
WRIiNTF
INTFmnNete
WRepmc
a PMCmn
o)
g WRem
Q
<
PMmn
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o -
n 2
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Address :>7
RD

Input signal of
alternate-function 1

Detection of noise
elimination edge

C

Notes 1. Referto 19.4 External Interrupt Request Input Pins (NMI, INTPO to INTP®6).
2. There are no hysteresis characteristics in the port mode.

User's Manual U16891EJ1VOUD

139



CHAPTER 4 PORT FUNCTIONS

Figure 4-25. Block Diagram of Type H-3

EVop
(M WReu
PUmn D@ i P-ch
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alternate-function 2

elimination edge

Refer to 19.4 External Interrupt Request Input Pins (NMI, INTPO to INTP6).

2. There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-26. Block Diagram of Type K
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Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

4.5 Port Register Setting When Alternate Function Is Used

Table 4-14 shows the port register settings when each port is used for an alternate function.
When using a port pin as an alternate-function pin, refer to description of each pin.
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Table 4-14. Settings When Port Pins Are Used for Alternate Functions (1/4)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of | PFCnx Bit of Other Bits (Registers)
Eunction Name 1/O PMCn Register |PFCn Register
P00 TOHO Output P00 = Setting not required PMO0O = Setting not required PMCO0 =1 - -
PO1 TOH1 Output P01 = Setting not required PMO01 = Setting not required PMCO1=1 - -
P02 NMI Input P02 = Setting not required PMO02 = Setting not required PMCO02=1 - -
P03 INTPO Input P03 = Setting not required PMO03 = Setting not required PMCO03=1 - -
P04 INTP1 Input P04 = Setting not required PMO04 = Setting not required PMCO4 =1 - -
P05 INTP2 Input P05 = Setting not required PMO05 = Setting not required PMCO5=1 - -
P06 INTP3 Input P06 = Setting not required PMO06 = Setting not required PMCO06 =1 - -
P30 TXDO Output P30 = Setting not required PM30 = Setting not required PMC30=1 - -
P31 RXDO Input P31 = Setting not required PM31 = Setting not required PMC31=1 - -
P32 ASCKO Input P32 = Setting not required PM32 = Setting not required PMC32=1 - -
P33 TI000 Input P33 = Setting not required PM33 = Setting not required PMC33=1 PFC33=0 PFCE33 (PFCE3) = 0!
TO00 Output P33 = Setting not required PM33 = Setting not required PMC33 =1 PFC33=1 PFCE33 (PFCE3) = 0"**
TIPOO"** Input P33 = Setting not required PM33 = Setting not required PMC33 =1 PFC33=0 PFCE33 (PFCE3) =1
TOPOOQ™** Output P33 = Setting not required PM33 = Setting not required PMC33=1 PFC33=1 PFCE33 (PFCE3) =1
P34 TI001 Input P34 = Setting not required PM34 = Setting not required PMC34 =1 PFC34 = 0""°*! |PFCE34 (PFCE3) = 0"**
TIPO1"** Input P34 = Setting not required PM34 = Setting not required PMC34 =1 PFC34=0 PFCE34 (PFCE3) =1
TOPO1"** Output P34 = Setting not required PM34 = Setting not required PMC34=1 PFC34=1 PFCE34 (PFCE3) =1
P35 TI0O10 Input P35 = Setting not required PM35 = Setting not required PMC35=1 PFC35=0 -
TOO01 Output P35 = Setting not required PM35 = Setting not required PMC35=1 PFC35=1 -
P38 SDAQ"*? 110 P38=1 PM38 = Setting not required PMC38 =1 - PF38 (PF3) =1
P39 SCLO"™*? 110 P39=1 PM39 = Setting not required PMC39 =1 - PF39 (PF3) =1
P40 SI00 Input P40 = Setting not required PM40 = Setting not required PMC40=1 - -
P41 SO00 Output P41 = Setting not required PM41 = Setting not required PMC41=1 - PF41 (PF4) = Don't care
P42 SCKO00 1/0 P42 = Setting not required PM42 = Setting not required PMC42 =1 — PF42 (PF4) = Don't care

Notes 1. Only in the 4/PD703211, 703211Y, 70F3211H, 70F3211HY

2. Only in products with an I°C bus (Y products)
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Table 4-14. Settings When Port Pins Are Used for Alternate Functions (2/4)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of | PFCnx Bit of Other Bits (Registers)
Function Name /O PMCn register |PFCn Register
P50 TIO11 Input P50 = Setting not required PM50 = Setting not required PMC50 =1 PFC50=0 -
RTPOO Output P50 = Setting not required PM50 = Setting not required PMC50=1 PFC50=1 -
KRO Input P50 = Setting not required PM50=1 PMC50 =0 PFC50=0 KRMO (KRM) =1
P51 TI50 Input P51 = Setting not required PM51 = Setting not required PMC51=1 PFC51=0 -
RTPO1 Output P51 = Setting not required PM51 = Setting not required PMC51=1 PFC51=1 -
KR1 Input P51 = Setting not required PM51=1 PMC51=0 PFC51=0 KRM1 (KRM) =1
P52 TO50 Output P52 = Setting not required PM52 = Setting not required PMC52 =1 PFC52=0 -
RTP02 Output P52 = Setting not required PM52 = Setting not required PMC52 =1 PFC52=1 -
KR2 Input P52 = Setting not required PM52=1 PMC52 =0 PFC52=0 KRM2 (KRM) =1
P53 SIAO Input P53 = Setting not required PM53 = Setting not required PMC53=1 PFC53=0 -
RTPO3 Output P53 = Setting not required PM53 = Setting not required PMC53=1 PFC53=1 -
KR3 Input P53 = Setting not required PM53=1 PMC53 =0 PFC53=0 KRM3 (KRM) =1
P54 SOA0 Output P54 = Setting not required PM54 = Setting not required PMC54 =1 PFC54 =0 PF54 (PF5) = Don't care
RTPO4 Output P54 = Setting not required PM54 = Setting not required PMC54 =1 PFC54=1 PF54 (PF5) =0
KR4 Input P54 = Setting not required PM54 =1 PMC54 =0 PFC54 =0 PF54 (PF5) = 0, KRM4 (KRM) =1
P55 SCKAO 1/0 P55 = Setting not required PM55 = Setting not required PMC55 =1 PFC55=0 PF55 (PF5) = Don't care
RTPO5 Output P55 = Setting not required PM55 = Setting not required PMC55 =1 PFC55=1 PF55 (PF5) =0
KR5 Input P55 = Setting not required PM55=1 PMC55=0 PFC55=0 PF55 (PF5) = 0, KRM5 (KRM) =1
P70 ANIO Input P70 = Setting not required - - - -
P71 ANI1 Input P71 = Setting not required - - - -
P72 ANI2 Input P72 = Setting not required - - - -
P73 ANI3 Input P73 = Setting not required - - - -
P74 ANI4 Input P74 = Setting not required - - - -
P75 ANI5 Input P75 = Setting not required - - - -
P76 ANI6 Input P76 = Setting not required - - - -
P77 ANI7 Input P77 = Setting not required - - - -
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Table 4-14. Settings When Port Pins Are Used for Alternate Functions (3/4)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of | PFCnx Bit of Other Bits (Registers)
Function Name /O PMCn register |PFCn Register
P90 TXD1 Output P90 = Setting not required PM90 = Setting not required PMC90 =1 PFC90 =1 -
KR6 Input P90 = Setting not required PM90 =1 PMC90 =0 PFC90=0 KRM6 (KRM) =1
POl RXD1 Input P91 = Setting not required PM91 = Setting not required PMC91 =1 PFC91=1 -
KR7 Input P91 = Setting not required PM91=1 PMC91 =0 PFC91=0 KRM7 (KRM) =1
P96 TI51 Input P96 = Setting not required PM96 =1 PMC96 =0 PFC96 =0 —
TO51 Output P96 = Setting not required PM96 = Setting not required PMC96 =1 PFC96 =1 -
P97 SI01 Input P97 = Setting not required PM97 = Setting not required PMC97 =1 PFC97 =1 -
P98 S001 Output P98 = Setting not required PM98 = Setting not required PMC98 =1 PFC98 =1 PF98 (PF9) = Don't care
P99 SCKO1 110 P99 = Setting not required PM99 = Setting not required PMC99 =1 PFC99 =1 PF98 (PF9) = Don't care
P913 INTP4 Input P913 = Setting not required PM913 = Setting not required |PMC913 =1 PFC913=1 -
P914 INTP5 Input P914 = Setting not required PM914 = Setting not required |PMC914 =1 PFC914 =1 -
P915 INTP6 Input P915 = Setting not required PM915 = Setting not required |PMC915=1 PFC915=1 -
PCMO WAIT Input PCMO = Setting not required PMCMO = Setting not required [PMCCMO0 =1 - -
PCM1 CLKOUT Output PCM1 = Setting not required PMCM1 = Setting not required [PMCCM1 =1 - -
PCM2 HLDAK Output PCM2 = Setting not required PMCM2 = Setting not required [PMCCM2 =1 - -
PCM3 HLDRQ Input PCM3 = Setting not required PMCM3 = Setting not required |PMCCM3 =1 - -
PCSO Ccso Output PCSO0 = Setting not required PMCSO0 = Setting not required |[PMCCSO0 =1 - -
PCS1 cs1 Output PCS1 = Setting not required PMCSL1 = Setting not required |[PMCCS1 =1 - -
PCTO WRO Output PCTO = Setting not required PMCTO = Setting not required |[PMCCT0=1 - -
PCT1 WR1 Output PCT1 = Setting not required PMCT1 = Setting not required |[PMCCT1=1 - -
PCT4 RD Output PCT4 = Setting not required PMCT4 = Setting not required |[PMCCT4=1 - -
PCT6 ASTB Output PCT6 = Setting not required PMCT®6 = Setting not required |[PMCCT6 =1 - -
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Table 4-14. Settings When Port Pins Are Used for Alternate Functions (4/4)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of | PFCnx Bit of Other Bits (Registers)
Function Name 1/O PMCn register |PFCn Register
PDLO ADO 1/0 PDLO = Setting not required PMDLO = Setting not required |[PMCDLO =1 - -
PDL1 AD1 1/0 PDL1 = Setting not required PMDL1 = Setting not required |[PMCDL1 =1 - -
PDL2 AD2 /0 PDL2 = Setting not required PMDL2 = Setting not required |[PMCDL2 =1 - -
PDL3 AD3 1/0 PDL3 = Setting not required PMDL3 = Setting not required |[PMCDL3 =1 - -
PDL4 AD4 /10 PDL4 = Setting not required PMDL4 = Setting not required |PMCDL4 =1 - -
PDL5 AD5 1/0 PDL5 = Setting not required PMDLS5 = Setting not required |[PMCDL5 =1 - -
PDL6 AD6 1/0 PDL6 = Setting not required PMDL6 = Setting not required |[PMCDL6 =1 - -
PDL7 AD7 /10 PDL7 = Setting not required PMDL7 = Setting not required |PMCDL7 =1 - -
PDL8 AD8 1/0 PDL8 = Setting not required PMDLS8 = Setting not required |[PMCDL8 =1 - -
PDL9 AD9 1/0 PDL9 = Setting not required PMDL9 = Setting not required |[PMCDL9 =1 - -
PDL10 |AD10 1/0 PDL10 = Setting not required  |[PMDL10 = Setting not required |PMCDL10=1 - -
PDL11 |AD11 /10 PDL11 = Setting not required  |PMDL11 = Setting not required |PMCDL11 =1 - -
PDL12 |AD12 /10 PDL12 = Setting not required |PMDL12 = Setting not required |PMCDL12 =1 - -
PDL13 |AD13 1/0 PDL13 = Setting not required  |[PMDL13 = Setting not required |[PMCDL13 =1 - -
PDL14 |AD14 1/0 PDL14 = Setting not required  |[PMDL14 = Setting not required |PMCDL14 =1 - -
PDL15 |AD15 1/0 PDL15 = Setting not required  [PMDL15 = Setting not required |PMCDL15=1 - -
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CHAPTER 4 PORT FUNCTIONS

4.6 Cautions

4.6.1 Cautions on bit manipulation instruction for port n register (Pn)

When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the value
of the output latch of an input port that is not subject to manipulation may be written in addition to the targeted bit.
Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

<Example>

When PDLO is an output port, PDL1 to PDL7 are input ports (all pin statuses are high level), and the
value of the port latch is O0H, if the output of output port PDLO is changed from low level to high
level via a bit manipulation instruction, the value of the port latch is FFH.

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is
1 are the output latch and pin status, respectively.

A bit manipulation instruction is executed in the following order in the V850ES/KF1.

<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.

In step <1>, the value of the output latch (0) of PDLO, which is an output port, is read, while the pin
statuses of PDL1 to PDL7, which are input ports, are read. If the pin statuses of PDL1 to PDL7 are
high level at this time, the read value is FEH.

The value is changed to FFH by the manipulation in <2>.

FFH is written to the output latch by the manipulation in <3>.

Figure 4-27. Bit Manipulation Instruction (PDLO)

PDLO

PDL1 to PDL7

Bit manipulation

O instruction

(setl 0, PDLL[rO])
is executed for
PDLO bit.

PDLO O
Low-level output

Low-level output

PDL1 to PDL7

©) ©)

Pin status: High level

Port DLL latch

[ofofofofofofo]o]

Pin status: High level

Port DLL latch

HBE BB

Bit manipulation instruction for PDLO bit

<1> The PDLL register is read in 8-bit units.
« In the case of PDLO, an output port, the value of the port latch (0) is read.
 In the case of PDL1 to PDL7, input ports, the pin status (1) is read.

<2> Set PDLO bit to 1.

<3> Write the results of <2> to the output latch of the PDLL register in 8 bit units.
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CHAPTER 4 PORT FUNCTIONS

4.6.2 Hysteresis characteristics
In port mode, the following ports do not have hysteresis characteristics.

P02 to P06
P31 to P35, P38, P39
P40, P42

P97, P99, P913 to P915
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CHAPTER 5 BUS CONTROL FUNCTION

The V850ES/KF1 is provided with an external bus interface function by which external memories such as ROM and
RAM, and /O can be connected.

5.1 Features

O Multiplex bus output with a minimum of 3 bus cycles

O Chip select function for up to 2 spaces

O 8-bit/16-bit data bus selectable (for each area selected by chip select function)

O Wait function
« Programmable wait function of up to 7 states (selectable for each area selected by chip select function)
« External wait function using WAIT pin

O Idle state function

O Bus hold function
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CHAPTER 5 BUS CONTROL FUNCTION

5.2 Bus Control Pins

The pins used to connect an external device are listed in the table below.

Table 5-1. Bus Control Pins

Bus Control Pin Alternate-Function Pin 110 Function
ADO to AD15 PDLO to PDL15 110 Address/data bus
WAIT PCMO Input | External wait control
CLKOUT PCM1 Output | Internal system clock output
CS0, CS1 PCS0, PCS1 Output | Chip select
WR0, WR1 PCTO, PCT1 Output | Write strobe signal
RD PCT4 Output | Read strobe signal
ASTB PCT6 Output | Address strobe signal
HLDRQ PCM3 Input | Bus hold control
HLDAK PCM2 Output

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

Table 5-2. Pin Statuses When Internal ROM, Internal RAM, or On-Chip Peripheral I/O Is Accessed

Caution When a write access is performed to the internal ROM area, address, data, and control signals

Address/data bus (AD15 to ADO) | Undefined

Control signal

Inactive

are activated in the same way as access to the external memory area.

5.2.2 Pin status in each operation mode

For the pin status of the V850ES/KF1 in each operation mode, refer to 2.2 Pin Status.
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CHAPTER 5 BUS CONTROL FUNCTION
5.3 Memory Block Function

The 64 MB memory space is divided into memory blocks of (lower) 64 KB and 64 KB. 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: Physical Address
SFFFFFFH On-chip peripheral I/0 area SFRFFFFH
(4 KB) 3FFFO00H
(80 KB) 3FFEFFFHNote 1
3FECO000H
3FEBFFFH | |7
‘\ Internal RAM area
\l‘ (6 KBNoIe l)
3FFD8OOHNte !
| 3FFD7FFH
‘\ Reserved area
1 3FECO00H
Reserved area
0210000H
020FFFFH ST Reserved area 01FFFFFH
External memory area CS1- ’ 0110000H
(64 KB) /7 External memory area 010FFFFH
0200000H (64 KB) 0100000H
01FFFFFH OOFFFFFH
_ Note 2
@ MB) cs0o Internal ROM area
(1 MB)
0000000H Y 0000000H
Notes 1. Inthe xPD703210, 703210Y, 70F3210, 70F3210Y, 70F3210H, 70F3210HY.
uPD703208, 703208Y, 703209, 703209Y: 4 KB (3FFEO0OH to 3FFEFFFH)
4PD703211, 703211Y, 70F3211H, 70F3211HY: 12 KB (3FFCO00H to 3FFEFFFH)
2. This area is an external memory area in the case of a data write access.
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5.3.1 Chip select control function
Of the 64 MB (linear) address space, two 64 KB spaces (0700000H to 010FFFFH/0200000H to 020FFFFH)
include two chip select control functions, CS0 and CS1. The areas that can be selected by CS0 and CS1 are fixed.
By using these chip select control functions, the memory space can be used effectively. The allocation of the chip
select areas is shown in the table below.

Cso 0100000H to 010FFFFH (64 KB)
Cs1 0200000H to 020FFFFH (64 KB)
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5.4 Bus Access

5.4.1 Number of clocks for access
The following table shows the number of basic clocks required for accessing each resource.

Area (Bus Width) Internal ROM Internal RAM External Memory  |On-Chip Peripheral I/O
Bus Cycle Type (32 Bits) (32 Bits) (16 Bits) (16 Bits)
Instruction fetch (normal access) 1 1Nt 3+n"°? -
Instruction fetch (branch) 2 2reet 3+ n'e? -
Operand data access 3 1 3 +n"? 3t

Notes 1. If the access conflicts with a data access, the number of clock is increased by 1.
2. 2+ nclocks (n: Number of wait states) when the separate bus mode is selected.
3. This value varies depending on the setting of the VSWC register.

Remark Unit: Clocks/access

5.4.2 Bus size setting function

The bus size of each external memory area selected by CSn can be set (to 8 bits or 16 bits) by using the BSC
register.

The external memory area of the V850ES/KF1 is selected by CS0 and CS1.

(1) Bus size configuration register (BSC)
This register can be read or written in 16-bit units.
After reset, BSC is set to 5555H.

Caution Write to the BSC register after reset, and then do not change the set values. Also, do not
access an external memory area until the initial settings of the BSC register are complete.

After reset: 5555H R/W Address: FFFFF066H

15 14 13 12 11 10 9 8
Bsc| o | 1 | o | 1 | o | 1 | o | 1 |

7 6 5 4 3 2 1 0

| 0 ‘ 0/1Note ‘ 0 ‘ 0/1Note ‘ 0 ‘ BS10 ‘ 0 ‘ BS00 |
. == =
CSn signal Cs1 Cso
BSn0 Data bus width of CSn space (n =0, 1)
0 8 bits
1 16 bits

Note Operation not affected even if the value is changed.

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 by bus size

The V850ES/KF1 accesses the on-chip peripheral I/O and external memory in 8-bit, 16-bit, or 32-bit units. The bus

size is as follows.

side.

» The bus size of the on-chip peripheral I/O is fixed to 16 bits.

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

The V850ES/KF1 supports only the little endian format.

Figure 5-2. Little Endian Address in Word

24 23 16 15 87 0

 oooBH | oooaH | o009H | ooosH
oo07H 0006H 0005H 0004+
0003H 0002H 0001H 0000H

154

(1) Data space
The V850ES/KF1 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.

(a) Halfword-length data access

A byte-length bus cycle is generated twice if the least significant bit of the address is 1.

(b) Word-length data access

(i) A byte-length bus cycle, halfword-length bus cycle, and byte-length bus cycle are generated in that
order if the least significant bit of the address is 1.

(i) A halfword-length bus cycle is generated twice if the lower 2 bits of the address are 10.
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(2) Byte access (8 bits)

(a) 16-bit data bus width

<1> Access to even address (2n)

Address
15773
8!
7 7
2n
0 0
Byte data  External
data bus

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

Address
15
2n+1
8
7 7.
0 0
Byte data External
data bus

(b) 8-bit data bus width

<1> Access to even address (2n)
Address

2n
0 0

Byte data External
data bus

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

Address
7 7
2n+1
0 0
Byte data  External
data bus
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(3) Halfword access (16 bits)

(&) With 16-bit data bus width

<1> Access to even address (2n) <2> Access to odd address (2n + 1)
First access Second access
Address Address Address
15 [ ] 15 [ ] 15 15 15 15
2n+1 2n+1 -~ 1
8 8 8 8 8 N
71 1 71 7 7 i 7 7
2n : ; 2n 2n+2
ol o 0 o1 0 0
Halfword External Halfword External Halfword External
data data bus data data bus data data bus

(b) 8-bit data bus width

<1> Access to even address (2n) <2> Access to odd address (2n + 1)
First access Second access First access Second access

15 15 15 15

8 Address 8 Address 8 Address 8 Address

7 7 7 7 7 7 7 7

2n 2n+1 2n+1 2n+2

0 0 0 0 0 0 0 0
Halfword External Halfword External Halfword External Halfword External
data data bus data data bus data data bus data data bus
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(4) Word access (32 bits)

(a) 16-bit data bus width (1/2)

<1> Access to address (4n)
First access

31

24
23

16
15

0

Word data

Address
15[ |

an+1
8 —
7

4n
0L
External
data bus

<2> Access to address (4n + 1)

31

24
23

16
15

0
Word data

First access

Address
15

an+1

~ o

0

External
data bus

Second access

31
24 | |
23
16 Address
15 [ 15[ |
4n + 3
81 | 8 |
7 7
4an + 2
0| 0|
Word data  External
data bus
Second access
31 [ ]
24 |
23
16 || _Address
15 15
4n+3
8 | 8 |
7 7
4n+2
0| 0|
Word data External
data bus

Third access

31
24 | |
23
16| ._"Address
15 153775
8| | 8. ¢
7 7
4n+4

0| 0
Word data External

data bus
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(a) 16-bit data bus width (2/2)

<3> Access to address (4n + 2)
First access

31

24
23

16
15

0

Word data

Address
15[ |
4n+ 3
8 —
7
an+2
0 S —
External
data bus

<4> Access to address (4n + 3)
First access

31

24
23

16
15

0
Word data

Address

15

4n+3

~ 0o

0

External
data bus

Second access

31 [ ]
24 ||
23
16 || _Address
15 15
4n+5
8 | 81 |
7 7
4n + 4

0 | 0 |

Word data  External
data bus
Second access

31 [ ]

24| |

23

16 | _ Address

15 15

4n+5
81 | 81 |
7 7
4n + 4
(O I 0 |

Word data  External
data bus

Third access

31
24| |
23
16 Address
15 [ 15770
8 | 8.
7 7
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
8 Address 8 Address 8 Address 8 Address
711 7 71 7 71 7 71 7
4n 4n+1 4n + 2 4n+ 3
0| 0 0| 0 (N 0 0| 0
Word data External Word data External Word data  External Word data  External
data bus data bus data bus data bus
<2> Access to address (4n + 1)
First access Second access Third access Fourth access
31 [ ] 31 ] 31 31 [
24 24 24 24
16| | 16 || 16 || 16| |
15 15 15 15
81 | Address 8 | Address 8 | Address 8| | Address
7 7 7 7 7 7 7 7
dn+1 4n + 2 4n + 3 an+ 4
0| 0 0| 0 0[] 0 0| 0
Word data External Word data External Word data External Word data  External
data bus data bus data bus data bus
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(b) 8-bit data bus width (2/2)

<3> Access to address (4n + 2)

First access

Second access

Third access

Fourth access

31 [ ] 31 [ | 31[ | 31 |
24 24 24 24
23 [ | 23 [ | 23 [ 23 [ |
16| | 16 [ | 16 || 16| |
15 15 15 15
8 Address 8 Address 8 Address 8 Address
711 7 71 7 71 7 71 7
an+ 2 4n+ 3 an+4 4n +5
0| 0 0| 0 0| 0 0| 0
Word data External Word data External Word data External Word data  External
data bus data bus data bus data bus
<4> Access to address (4n + 3)
First access Second access Third access Fourth access
311 31[ ] 31[ ] 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
71 7 71 1 7 71 7 71 7
4n+3 4an + 4 4n+5 4n +6
0| 0 0| 0 0| 0 0| 0
Word data External Word data External Word data External Word data  External
data bus data bus data bus data 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 CS space.
The number of wait states can be programmed by using the DWCO register. Immediately after system reset, 7
data wait states are inserted for all the chip select areas.
The DWCO register can be read or written in 16-bit units.
After reset, DWCO is set to 7777H.

Cautions 1. The internal ROM and internal RAM areas are not subject to programmable wait, and are
always accessed without a wait state. The on-chip peripheral I/O area is also not subject
to programmable wait, and only wait control from each peripheral function is performed.

2. Write to the DWCO register after reset, and then do not change the set values. Also, do
not access an external memory area until the initial settings of the DWCO register are
complete.

After reset: 7777H R/W Address: FFFFF484H

15 14 13 12 11 10 9 8
DWCO | 0 ‘ 0/1Note ‘ 0/1Note ‘ 0/1Note ‘ 0 ‘ 0/ Note ‘ 0/1Note ‘ 0/1Note |
7 6 5 4 3 2 1 0
| 0 ‘ DwW12 ‘ Dwi11 ‘ DW10 ‘ 0 ‘ Dwo02 ‘ DwO1 ‘ DwO0O0 |
‘ I ‘ I
CSn signal cs1 CSO
DWn2 DWn1l DWnO | Number of wait states inserted in CSn space (n =0, 1)
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

Note Operation not affected even if the value is changed.

Caution Be sure to clear bits 15, 11, 7, and 3 to O.
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5.5.2 External wait function

To synchronize an extremely slow memory, I/O, 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 WAIT signal can be input asynchronously to CLKOUT, and is sampled at the falling edge of the clock in the T2
and TW states of the bus cycle. 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.

Programmable wait
Wait control
Wait via WAIT pin

For example, if the timing of the programmable wait and the WAIT pin signal is as illustrated below, three wait
states will be inserted in the bus cycle.

Figure 5-3. Example of Inserting Wait States

| |
ctkout _[ L[ LI LI LT LI 1L_TI
WAIT pin / N\ [/ \
Wait via WAIT pin / \
Programmable wait / \
Wait control / \

Remark The circles indicate the sampling timing.

162 User's Manual U16891EJ1VOUD



CHAPTER 5 BUS CONTROL FUNCTION

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 AWC register.
Address walit insertion is set for each chip select area ((ﬁ, C_Sl).

If an address setup wait is inserted, it seems that the high-clock period of T1 state is extended by 1 clock. If an
address hold wait is inserted, it seems that the low-clock period of T1 state is extended by 1 clock.

(1) Address wait control register (AWC)
This register can be read or written in 16-bit units.
After reset, AWC is set to FFFFH.

Cautions 1. The internal ROM, internal RAM, and on-chip peripheral I/O areas are not subject to
address setup wait or address hold wait insertion.
2. Write the AWC register after reset, and then do not change the set values. Also, do not
access an external memory area until the initial settings of the AWC register are
complete.

After reset: FFFFH R/W Address: FFFFF488H

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

| 0/1Note ‘ 0/1Note ‘ 0/1Note ‘ 0/1Note ‘ AHW1 ‘ ASW1 ‘ AHWO ‘ ASWO |
[

CSn signal CS1 Cso
AHWN Specifies insertion of address hold wait (n = 0, 1)
0 Not inserted
1 Inserted
ASWn Specifies insertion of address setup wait (n = 0, 1)
0 Not inserted
1 Inserted

Note Operation not affected even if the value is changed.

Caution Be sure to set bits 15to 8 to 1.
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5.6 Idle State Insertion Function

To facilitate interfacing with low-speed memories, one idle state (Tl) can be inserted after the T3 state in the bus
cycle that is executed for each space selected by CSn. By inserting idle states, the data output float delay time of the
memory can be secured during read access (an idle state cannot be inserted during write access).

Whether the idle state is to be inserted can be programmed by using the BCC register.

An idle state is inserted for all the areas immediately after system reset.

(1) Bus cycle control register (BCC)
This register can be read or written in 16-bit units.
After reset, BCC is set to AAAAH.

Cautions 1. The internal ROM, internal RAM, and on-chip peripheral /O areas are not subject to idle
state insertion.

2. Write to the BCC register after reset, and then do not change the set values. Also, do not

access an external memory area until the initial settings of the BCC register are complete.

After reset: AAAAH R/W  Address: FFFFF48AH

15 14 13 12 11 10 9 8
BCC | 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 |
7 6 5 4 3 2 1 0
| 0/1Note ‘ 0 ‘ 0/1Note ‘ 0 ‘ BC11 ‘ 0 ‘ BCO1 ‘ 0 |
. L L
CSn signal Cs1 CSso
BCn1 Specifies insertion of idle state (n = 0, 1)
0 Not inserted
1 Inserted

Note Operation not affected even if the value is changed.

Caution Be sure to set bits 15, 13, 11, and 9 to 1, and clear bits 14, 12,
10, 8,6,4,2,and 0to O.
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5.7 Bus Hold Function

5.7.1 Functional outline
The HLDRQ and HLDAK functions are valid if the PCM2 and PCM3 pins are set to their alternate function.
When the HLDRQ pin is asserted (low level), indicating that another bus master has requested bus mastership, the

external address/data bus goes into a high-impedance state and is released (bus hold status). If the request for the
bus mastership is cleared and the HLDRQ pin is deasserted (high level), driving these pins is started again.

During the bus hold period, execution of the program in the internal ROM and internal RAM is continued until a
peripheral I/O register or the external memory is accessed.

The bus hold status is indicated by assertion (low level) of the HLDAK pin. 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 in Which Bus Hold Request Not
Width Acknowledged
CPU bus lock 16 bits Word access to even address Between first and second access
Word access to odd address Between first and second access

Between second and third access

Halfword access to odd address Between first and second access

8 bits Word access Between first and second access

Between second and third access

Between third and fourth access

Halfword access Between first and second access

Read-modify-write access of bit - - Between read access and write access
manipulation instruction
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5.7.2 Bus hold procedure
The bus hold status transition procedure is shown below.

<1> Low-level input to HLDRQ pin acknowledged
<2> All bus cycle start requests inhibited

<3> End of current bus cycle Normal status
<4> Shift to bus idle status.

<5> Output low level from HLDAK pin

Bus hold status

<6> High-level input to HLDRQ pin acknowledged
<7> Output high level from HLDAK pin
<8> Bus cycle start request inhibition released

<9> Bus cycle starts Normal status

HLDRQ (input)

HLDAK (output)

<1> <2> <3><4>|<5> <6> [<7><8><9>

5.7.3 Operation in power save mode

Because the internal system clock is stopped in the STOP and IDLE modes, the bus hold status is not entered
even if the HLDRQ pin is asserted.

In the HALT mode, the HLDAK pin is asserted as soon as the HLDRQ pin has been asserted, and the bus hold
status is entered. When the HLDRQ pin is later deasserted, the HLDAK pin is also deasserted, and the bus hold
status is cleared.
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5.8 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 5-3. Bus Priority

Priority External Bus Cycle Bus Master
High Bus hold External device
Operand data access CPU
Instruction fetch (branch) CPU
Low Instruction fetch (successive) CPU
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5.9 Bus Timing

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

T1 5 T2 5 T3 5 5 T1 5 T2 5 TW 5 T™W 5 T3 5 TI 5 Tl

CLKOUTJ: | | | | | | L»J | | | | | | | | | | | | | | |
VS A W S S S S A B W
53 S N N S S S S S N
LI S\ W SN Y L WA L W N
C G LB & S S W W S B GO
CE I W A W A

Programmable External Idle state
wait wait

ASTB |

8-bit access | Odd address | Even address

AD15 to AD8 Active Hi-Z
AD7 to ADO Hi-Z Active

Remark The broken lines indicate high impedance.

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

T T2 LT3 ot T2 Ltw fotw o oT3 oTm T
evoor T LML L L L L L L L

AD15 to AD8 :X COAL X

ASTB |

5 S N R R

e X
USSR s S (L WS [ WO S

AD7t0ADO ALl )} DI h-eeeoe GC}( A2 X b2 > """" ' """"
SN W s e W e

L i |
Programmable External

wait wait

" ldle state’

Remark The broken lines indicate high impedance.
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Figure 5-6. Bus Write Timing (Bus Size: 16 Bits, 16-Bit Access)

USRI DU SR DR - S

CLKOUT

[ -~ .

X

D1

AD15 to ADO :X Al X

Programmable External

wait

wait
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el 5
> o
L —
@
o
2l ol ©
dV.m
3l 2=
aC%
2| |5
—
®) o
78 <
o
gl<|ollx
glelgl|lz
=lw| =S| g
S|g|~ |2
>lala
<< |12

Figure 5-7. Bus Write Timing (Bus Size: 8 Bits)
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Figure 5-8. Bus Hold Timing (Bus Size: 16 Bits, 16-Bit Access)

POTL D T2 0 T3 L Tl TH TH L TH L TH L Tvel T1of T2 i T3
oo N\ L L 7
AD15toADO; X Al X D1 )- ------- -------------- """" """" f(UndeﬁnedX A2 X D2 )‘ """" C

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

Remarks 1. Refer to Table 2-2 for the pin statuses in the bus hold mode.
2. The broken lines indicate high impedance.

Figure 5-9. Address Wait Timing (Bus Read, Bus Size: 16 Bits, 16-Bit Access)

T T2 ! TASW T1 | TAHW | T2

CLKOUT _|_|__|_|_ ckout [ | |_
AL >
Cs1, CS0 Cs1, CS0 A é/// \\\\5 \\

AD15 to ADO :%A\l\\x D1 )— AD15toADO:% AL \X D1 )-
S\ s NN\ {

Remarks 1. TASW (address setup wait): Image of high-level width of T1 state expanded.
2. TAHW (address hold wait): Image of low-level width of T1 state expanded.
3. The broken lines indicate high impedance.
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5.10 Cautions

With the external bus function, signals may not be output at the correct timing under the following conditions.

<Operating conditions>
CLKOUT asynchronous (2.7 V < Vop = EVop = AVRero < 5.5 V)
When 1/fcpu < 84 ns

<Countermeasure>
When used under the above conditions, be sure to insert an address setup/hold wait using the AWC register (n

=0, 1).

e 70 ns < 1l/fcru < 84 ns
Set an address setup wait (ASWn bit = 1).
e 62.5ns < 1ffcru<70ns
Set an address setup wait (ASWn bit = 1) and address hold wait (AHWn bit = 1).
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6.1 Overview

The following clock generation functions are available.

O Main clock oscillator
e fx =210 2.5 MHz (fxx = 8 to 10 MHz, REGC = Vop = 2.7 t0 5.5 V, in PLL mode)
e fx=21t05 MHz (fxx = 8 to 20 MHz, REGC = Vbop =4.5t0 5.5V, in PLL mode)
» fx=2to 4 MHz (fxx = 8 to 16 MHz, REGC = capacitor, Vobo = 4.0 to 5.5 V, in PLL mode)
e fx =210 10 MHz (fxx = 2 to 10 MHz, REGC = Vop = 2.7 to 5.5 V, in clock-through mode)

Caution In the #PD703211, 703211Y, 70F3210H, 70F3210HY, 70F3211H, and 70F3211HY, the main clock
oscillator oscillates the following frequencies (these values may change after evaluation).

e fx=2 MHz (fxx = 8 MHz, REGC = Vopb = 2.7 t0 5.5V, in PLL mode)

e fx =210 5 MHz (fxx = 8 to 20 MHz, REGC = Vop = 4.5t0 5.5V, in PLL mode)

e fx =2 MHz (fxx = 8 MHz, REGC = capacitor, Voo =4.0to 5.5V, in PLL mode)

e fx=21t0 8 MHz (fxx =2to 8 MHz, REGC = Vop = 2.7 to 5.5V, in clock-through mode)

O Subclock oscillator
* 32.768 kHz
O Multiplication (x4) function by PLL (Phase Locked Loop)
» Clock-through mode/PLL mode selectable
» Usable voltage: Voo =2.7t05.5V
O Internal system clock generation
o 7 steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)
O Peripheral clock generation
O Clock output function

Remark fx: Main clock oscillation frequency
fxx: Main clock frequency
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6.2 Configuration

Figure 6-1. Clock Generator

FRC bit

!

XT1O~ subclock | fxr fxr  Watch timer clock,
XT20O— oscillator watchdog timer clock

_ 12
fBRG = x/2 t0 fx/2 Watch timer clock

Interval timer

BRG J ¢7 IDLE mode

IDLE
MCK MFRC control
bit  bit PLLON bit IDLE mode
} } i CK2 to CKO bits CLS bit, CK3 bit
X101 Main clock |} fx IDLE |fx
PLL [~ = [+ o
x20—| oscillator % control Prescaler 2
1 < fxx/32 HALT mode
Main clock @ fxx/16 Lo ¢
oscillator o8 5 5 ¢
stop control XX 2 g HALT |Tcpu CPU clock
¢ fxx/4 % % control
STOP mode _ /2 | @ @ fowk _ Internal
SELPLL bit fux system clock
IDLE mode = Prescaler 1 focto fxx,?'024
Peripheral clock,
watchdog timer 2 clock
IDLE fxw
control Watchdog timer 1 clock

CLKOUTO={ Port CM

fx:  Main clock oscillation frequency
fxx:  Main clock frequency

fck:  Internal system clock frequency
fxt:  Subclock frequency

fcru: CPU clock frequency

fere: Watch timer clock frequency

fxw: Watchdog timer 1 clock frequency
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Main clock oscillator
The main clock oscillator oscillates the following frequencies (fx):

» fx=2102.5MHz (REGC = Vop = 2.7 t0 5.5 V, in PLL mode)

» fx=21t05MHz (REGC =Vop =4.5t0 5.5V, in PLL mode)

» fx=21to 4 MHz (REGC = capacitor, Vop = 4.0to 5.5 V, in PLL mode)
e fx=21t010 MHz (REGC = Vbp = 2.7 to 5.5 V, in clock-through mode)

Caution In the pPD703211, 703211Y, 70F3210H, 70F3210HY, 70F3211H, and 70F3211HY, the main
clock oscillator oscillates the following frequencies (these values may change after
evaluation).

e fx=2MHz (REGC =Vop =2.7t0 5.5V, in PLL mode)

* fx=21t0o 5 MHz (REGC = Vopb =4.5t0 5.5V, in PLL mode)

» fx =2 MHz (REGC = capacitor, Voo =4.0to 5.5V, in PLL mode)

» fx=2to 8 MHz (REGC = Vop = 2.7 to 5.5V, in clock-through mode)

Subclock oscillator
The subclock oscillator oscillates a frequency of 32.768 kHz (fxr).

Main clock oscillator stop control

This circuit generates a control signal that stops oscillation of the main clock oscillator.

Oscillation of the main clock oscillator is stopped in the STOP mode or when the PCC.MCK bit = 1 (valid only
when the PCC.CLS bit = 1).

Prescaler 1

This prescaler generates the clock (fxx to fxx/1024) to be supplied to the following on-chip peripheral functions:
TMPO™*, TM0O, TM01, TM50, TM51, TMHO, TMH1, CSI00, CSI01, CSIA0, UARTO, UART1, I’C0O, ADC, and
WDT2

Note Only inthe /PD703211, 703211Y, 70F3211H, 70F3211HY

Prescaler 2

This circuit divides the main clock (fxx).

The clock generated by prescaler 2 (fxx to fxx/32) is supplied to the selector that generates the CPU clock
(fcpu) and internal system clock (fcix).

fck is the clock supplied to the INTC, ROM correction, ROM, and RAM blocks, and can be output from the
CLKOUT pin.

Interval timer BRG

This circuit divides the clock (fx) generated by the main clock oscillator to a specific frequency (32.768 kHz)
and supplies that clock to the watch timer block.

For details, refer to CHAPTER 11 INTERVAL TIMER, WATCH TIMER.
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(7) PLL

This circuit multiplies the clock (fx) generated by the main clock oscillator.
It operates in two modes: clock-through mode in which fx is output as is, and PLL mode in which a multiplied

clock is output. These modes can be selected by using the PLLCTL.SELPLL bit.
Operation of the PLL can be started or stopped by the PLLCTL.PLLON bit.

6.3 Registers

(1) Processor clock control register (PCC)

The PCC register is a special register.

sequences (refer to 3.4.7 Special registers).
This register can be read or written in 8-bit or 1-bit units.
After reset, PCC is set to 03H.

Data can be written to this register only in combination of specific

User's Manual U16891EJ1VOUD

(1/2)
After reset: 03H R/W After reset: FFFFF828H
7 <6> 5 <4> <3> 2 1 0
pcc | Frc | mck | MPrc |cis™e | ck3 | ck2 | cki | cko |
FRC Use of subclock on-chip feedback resistor
0 Used
1 Not used
MCK Control of main clock oscillator
0 Oscillation enabled
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
CcLSNote Status of CPU clock (fceu)
0 Main clock operation
1 Subclock operation

Note The CLS bitis a read-only bit.
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(212)

CK3 CKk2 CK1 CKO Clock selection (fcx/fcru)
0 0 0 0 fxx
0 0 0 1 fxx/2
0 0 1 0 fxx/4
0 0 1 1 fxx/8 (default value)
0 1 0 0 fxx/16
0 1 0 1 fxx/32
0 1 1 X Setting prohibited
1 x x X fxr

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

Remark

output.

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

When using an 8-bit

. When the CPU operates on the subclock and no clock is input to the X1 pin, do not

access a register in which a wait occurs using an access method that causes a wait (refer
to 3.4.8 (2) Access to special on-chip peripheral I/O register for details of the access

methods). If a wait occurs, it can only be released by a reset.

x: don't care

176
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(a) Example of setting main clock operation - subclock operation
<1> CKS3hit ~ 1: Use of a bit manipulation instruction is recommended. Do not change the CK2
to CKO bits.
<2> Subclock operation: Read the CLS bit to check if subclock operation has started. It takes the
following time after the CK3 bit is set until subclock operation is started.

Max.: 1/fxt (1/subclock frequency)
<3> MCK bit « 1: Set the MCK bit to 1 only when stopping the main clock.
Cautions 1. When stopping the main clock, stop the PLL.
2. If the following conditions are not satisfied, change the CK2 to CKO bits so that the
conditions are satisfied, then change to the subclock operation mode.

Main clock (fxx) > Subclock (fxt: 32.768 kHz) % 4

[Description example]
<1> _SET_SUB RUN :

st.b r0, PRCMVJ r 0]
setl 3, PCCr0] --CK3hit « 1
<2> _CHECK CLS :
tstl 4, PCC rO0] -- Wait until subclock operation starts.
bz _CHECK_CLS
<3> _STOP_MAI N CLOCK :
st.b r0, PRCMVJ r 0]
setl 6, PCCrO0] -- MCK bit < 1, main clock is stopped

Remark The above description is an example. Note with caution that the CLS bit is read in a closed
loop in <2>.
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(b) Example of setting subclock operation - main clock operation
<1> MCK bit ~ O: Main clock starts oscillating
<2> Insert waits by the program and wait until the oscillation stabilization time of the main clock elapses.
<3> CKS3hit « 0: Use of a bit manipulation instruction is recommended. Do not change the
CK2 to CKO bits.
<4> Main clock operation: It takes the following time after the CK3 bit is set until main clock operation
is started.

Max.: 1/fxt (1/subclock frequency)

Therefore, insert one NOP instruction immediately after setting the CK3 bit
to 0 or read the CLS bit to check if main clock operation has started.

[Description example]
<1> _START_MAIN_CSC :

st.b r0, PRCVO rO0] -- Release of protection of special registers
clrl 6, PCC rO0] -- Main clock starts oscillating
<2> novea 0x55, r0, r1l1 -- Wait for oscillation stabilization time
_WAIT_CST
nop
nop
nop
addi -1, r11, r1i1
np ro, rll
bne _PROGRAM WAI T
<3> st.b r0, PRCVJ rO0]
clrl 3, PCCrO0] -CK3 0
<4> _CHECK CLS :
tstl 4, PCCrO0] -- Wait until main clock operation starts
bnz _CHECK _CLS

Remark The above description is an example. Note with caution that the CLS bit is read in a closed
loop in <4>.
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6.4 Operation

6.4.1 Operation of each clock

The following table shows the operation status of each clock.

Table 6-1. Operation Status of Each Clock

Register Setting and PCC Register
Operation Status | ¢| g pit = 0, CLS bit=1, CLS bit =1,
MCK bit = 0 MCK bit =0 MCK bit = 1
During During HALT IDLE STOP | Subclock | Sub-IDLE| Subclock | Sub-IDLE
oscillation
reset |sapilization] Mode mode mode mode mode mode mode
Target Clock time count
Main clock oscillator (fx) X (©) @) @) x o o X X
Subclock oscillator (fxt) O o O O O o O O o
CPU clock (fceu) X X x x x o) x (e} x
Internal system clock (fcLk) X X O x x o X o X
Peripheral clock (fxx to fxx/1024) X X O X X O X X X
WT clock (main) X o O O x o o X X
WT clock (sub) O O O O O o O O o
WDT1 clock (fxw) x (©) @) @) x o o X X
WDT2 clock (main) X X O x x (e} X x x
WDT2 clock (sub) ©) ©) (@) (@) (@) o o o o

Remark O: Operable
x: Stopped

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 (fcik) is selected by using the PCC.CK3 to PCC.CKaO bits.

The CLKOUT pin functions alternately as the PCM1 pin and functions as a clock output pin if so specified by the

control register of port CM.

The status of the CLKOUT pin is the same as the internal system clock in Table 6-1 and the pin can output the
clock when it is in the operable status. It outputs a low level in the stopped status. However, the port mode (PCM1:
input mode) is selected until the CLKOUT pin output is set after reset. Consequently, the CLKOUT pin goes into a

high-impedance state.

6.4.3 External clock input function
An external clock can be directly input to the oscillator. Input the clock to the X1 pin and its inverse signal to the X2
pin. Set the PCC.MFRC bit to 1 (on-chip feedback resistor not used). Note, however, that oscillation stabilization time

is inserted even in the external clock mode. Connect Vop directly to the REGC pin.
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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 = 2 to 5 MHz (fxx: 8 to 20 MHz)
Clock-through mode: Input clock = 2 to 10 MHz (fxx: 2 to 10 MHz)

6.5.2 Register

(1) PLL control register (PLLCTL)
The PLLCTL register is an 8-bit register that controls the security function of PLL and RTO.
This register can be read or written in 8-bit or 1-bit units.
After reset, PLLCTL is set to 01H.

After reset: 01H R/W Address: FFFFF806H

6 5 4 3 <2> <1> <0>

pett [ o | o | o | o | o |Rrost0*|sELpLL | PLLON |

PLLON PLL operation stop register

0 PLL stopped

1 PLL operating

SELPLL PLL clock selection register

0 Clock-through operation

1 PLL operation

Note Forthe RTOSTO bit, refer to CHAPTER 13 REAL-TIME OUTPUT FUNCTION (RTO).

Caution Be sure to clear bits 4to 7 to 0. The operation is not affected even if the value of bit 3 is changed.
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6.5.3 Usage

(1) When PLL is used

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

* To set the STOP mode in which the main clock is stopped, or to set the IDLE mode, first select the clock-
through mode and then stop the PLL. To return from the IDLE or STOP mode, first enable PLL operation
(PLLON bit = 1), and then select the PLL mode (SELPLL bit = 1).

* To enable the PLL operation, first set the PLLON bit to 1, wait for 200 s, and then set the SELPLL bit to 1.
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).

(2) When PLL is not used
e The clock-through mode (SELPLL bit = 0) is selected after reset has been released, but the PLL is

operating (PLLON bit = 1) and must therefore be stopped (PLLON bit = 0).

Remark The PLL is operable in the IDLE mode. To realize low power consumption, stop the PLL. Be sure
to stop the PLL when shifting to the STOP mode.
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Timer P (TMP) is a 16-bit timer/event counter.
The following products have TMPO of the V850ES/KF1.

(#PD703211, 703211Y, 70F3211H, 70F3211HY
7.1 Overview
An outline of TMPO is shown below.

¢ Clock selection: 8 ways

e Capture trigger input pins: 2

« External event count input pins: 1

« External trigger input pins: 1

» Timer/counters: 1

« Capture/compare registers: 2

« Capture/compare match interrupt request signals: 2
e Timer output pins: 2

7.2 Functions
TMPO has the following functions.

* Interval timer

» External event counter

« External trigger pulse output
« One-shot pulse output

*« PWM output

e Free-running timer

* Pulse width measurement
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7.3 Configuration
TMPO includes the following hardware.

Table 7-1. Configuration of TMPO

Item Configuration
Timer register 16-bit counter
Registers TMPO capture/compare registers 0, 1 (TPOCCRO, TPOCCR1)

TMPO counter read buffer register (TPOCNT)
CCRO, CCRL1 buffer registers

Timer inputs 2 (TIPOO™*, TIPO1 pins)
Timer outputs 2 (TOPOQO, TOPO1 pins)
Control registers TMPO control registers 0, 1 (TPOCTLO, TPOCTL1)

TMPO I/O control registers 0 to 2 (TPOIOCO to TPOIOC2)
TMPO option registers 0, 1 (TPOOPTO, TPOOPT1)

Note The TIP0OO pin functions alternately as a capture trigger input signal, external event count input
signal, and external trigger input signal.

Figure 7-1. Block Diagram of TMPO

S Internal bus S
fxx —=] TPOCNT

fxx/2 —»=]

/4 —= 5 ﬁ

fxx/8 —=1 g —

fxx/16 —=1 S 16-hit counter INTTPOOV
fxx/32 — ¥ k] ~Clear |
ffx/xllgg: L8 2 ‘V‘ 5 8 [HOTOPO0O
“ ﬁ 23 OToPo1
c
CCRO ‘ ‘ ©3
Edge || buffer
detector register CCR1 ———— INTTPOCCO
{? buffer INTTPOCC1
register
TIPOO Digital [ TPOCCRO
ngise Edge ﬁ
TIPO1 ©—=|eliminator|[{ detector TPOCCR1
| |
S Internal bus S
Remark fxx: Main clock frequency
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16-bit counter

This 16-bit counter can count internal clocks or external events.

The count value of this counter can be read by using the TPOCNT register.

When the TPOCTLO.TPOCE bit = 0, the value of the 16-bit counter is FFFFH. If the TPOCNT register is read at
this time, 0000H is read.

Reset input clears the TPOCE bit to 0. Therefore, the 16-bit counter is set to FFFFH.

CCRO buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TPOCCRO register is used as a compare register, the value written to the TPOCCRO register is
transferred to the CCRO buffer register. When the count value of the 16-bit counter matches the value of the
CCRO buffer register, a compare match interrupt request signal (INTTPOCCO) is generated.

The CCRO buffer register cannot be read or written directly.

The CCRO buffer register is cleared to 0000H after reset, as the TPOCCRO register is cleared to 0000H.

CCRL1 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TPOCCRL1 register is used as a compare register, the value written to the TPOCCRL1 register is
transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches the value of the
CCRL1 buffer register, a compare match interrupt request signal (INTTPOCC1) is generated.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is cleared to 0000H after reset, as the TPOCCRL1 register is cleared to 0000H.

Edge detector

This circuit detects the valid edges input to the TIPOO and TIPO1 pins. No edge, rising edge, falling edge, or
both the rising and falling edges can be selected as the valid edge by using the TPOIOC1 and TPOIOC2
registers.

Output controller
This circuit controls the output of the TOP0OO and TOPOL1 pins. The output controller is controlled by the
TPOIOCO register.

Selector

This selector selects the count clock for the 16-bit counter. Eight types of internal clocks or an external event
can be selected as the count clock.

Digital noise eliminator

This circuit is valid only when the TIPOa pin is used as a capture trigger input pin.

This circuit is controlled by the TIPOa noise elimination register (PaNFC).

Remark a=0,1
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7.4 Registers

(1) TMPO control register 0 (TPOCTLO)
The TPOCTLO register is an 8-bit register that controls the operation of TMPO.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.
The same value can always be written to the TPOCTLO register by software.

After reset: O0H R/W Address: FFFFF5A0H

<7> 6 5 4 3 2 1 0
TPocTLO [ TPocE| o | o | o | o [tPocks2[TPocKs1|TPOCKSO|
TPOCE TMPO operation control
0 TMPO operation disabled (TMPO reset asynchronously™°').
1 TMPO operation enabled. TMPO operation started.
TPOCKS2| TPOCKS1 TPOCKSO Internal count clock selection

0 0 0 fxx

0 0 1 fxx/2

0 1 0 fxx/4

0 1 1 fxx/8

1 0 0 fxx/16

1 0 1 fxx/32

1 1 0 fxx/64

1 1 1 fxx/128

Note TPOOPTO.TPOOVF bit, 16-bit counter, timer output (TOP0O, TOPO1 pins)

Cautions 1. Set the TPOCKS2 to TPOCKSO bits when the TPOCE bit = 0.

When the value of the TPOCE bit is changed from 0 to 1, the

TPOCKS2 to TPOCKSO bits can be set simultaneously.
2. Be sure to clear bits 3to 6to 0.

Remark fxx: Main clock frequency
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(2) TMPO control register 1 (TPOCTL1)
The TPOCTLL1 register is an 8-bit register that controls the operation of TMPO.
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: FFFFF5A1H

<6> <5> 4 3 2 1 0

TPOCTLL | 0 | TPOEST|TPOEEE| 0 | 0 |TPOMD2 |TPOMDI | TPOMDO|

TPOEST Software trigger control
0 -
1 Generate a valid signal for external trigger input.

* In one-shot pulse output mode: A one-shot pulse is output with writing

* In external trigger pulse output mode: A PWM waveform is output with

1 to the TPOEST bit as the trigger.

writing 1 to the TPOEST bit as the
trigger.

TPOEEE

Count clock selection

0 Disable operation with external event count input.
(Perform counting with the count clock selected by the TPOCTLO.TPOCKO
to TPOCTLO.TPOCK?2 bits.)

1 Enable operation with external event count input.
(Perform counting at the valid edge of the external event count input
signal.)

The TPOEEE bit selects whether counting is performed with the internal count clock
or the valid edge of the external event count input.

TPOMD2 | TPOMD1 | TPOMDO Timer mode selection

Interval timer mode

External event count mode

External trigger pulse output mode

One-shot pulse output mode

PWM output mode

Free-running timer mode

Pulse width measurement mode

PP |k |k |O O|O|O

P |, O|O|F || |O|O
R |IO|Fr |O|F | O|Fr | O

Setting prohibited

Cautions 1.

The TPOEST bit is valid only in the external trigger pulse output
mode or one-shot pulse output mode. In any other mode, writing 1
to this bit is ignored.

. External event count input is selected in the external event count

mode regardless of the value of the TPOEEE bit.

. Set the TPOEEE and TPOMD2 to TPOMDO bits when the

TPOCTLO.TPOCE bit = 0. (The same value can be written when the
TPOCE bit = 1.) The operation is not guaranteed when rewriting is
performed with the TPOCE bit = 1. If rewriting was mistakenly
performed, clear the TPOCE bit to 0 and then set the bits again.

. Be sure to clear bits 3, 4,and 7 to 0.
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(3) TMPO I/O control register 0 (TPOIOCO)
The TPOIOCO register is an 8-bit register that controls the timer output (TOP00, TOPO1 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: O0H R/W Address: FFFFF5A2H
7 4 3 <2> 1 <0>
TPOIOCO | 0 o | o | o |TpooL1]TPooEL | TPOOLO | TPOOEO |
TPOOL1 TOPOL1 pin output level setting
0 TOPO1 pin output inversion disabled
1 TOPO1 pin output inversion enabled
TPOOE1 TOPO1 pin output setting
0 Timer output disabled
* When TPOOL1 bit = 0: Low level is output from the TOPO1 pin
* When TPOOL1 bit = 1: High level is output from the TOPO1 pin
1 Timer output enabled (a square wave is output from the TOPO1 pin).
TPOOLO TOPOO pin output level setting
0 TOPOO pin output inversion disabled
1 TOPOO pin output inversion enabled
TPOOEO TOPOO pin output setting
0 Timer output disabled
« When TPOOLO bit = 0: Low level is output from the TOPOO pin
« When TPOOLO bit = 1: High level is output from the TOPOO pin
1 Timer output enabled (a square wave is output from the TOPOO pin).

Cautions 1. Rewrite the TPOOL1, TPOOE1, TPOOLO, and TPOOEO bits

when the TPOCTLO.TPOCE bit = 0. (The same value can be
written when the TPOCE bit = 1.) If rewriting was
mistakenly performed, clear the TPOCE bit to 0 and then
set the bits again.

2. Even if the TPOOLa bit is manipulated when the TPOCE
and TPOOEa bits are 0, the TOPOa pin output level varies (a
=0, 1).
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(4) TMPO I/O control register 1 (TPOIOC1)
The TPOIOCL1 register is an 8-bit register that controls the valid edge of the capture trigger input signals (TIPOO,
TIPO1 pins).
This register can be read or written in 8-bit units.
Reset input clears this register to 00H.

After reset: 00H R/W Address: FFFFF5A3H

7 6 5 4 3 2 1 0
trooct | o | o | o | o [ 7poisa]|TPois2 | TPois1 | Troiso |

TPOIS3 | TPOIS2 Capture trigger input signal (TIPO1 pin) valid edge setting

0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

TPOIS1 | TPOISO Capture trigger input signal (TIPOO pin) valid edge setting

0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Cautions 1. Rewrite the TPOIS3 to TPOISO bits when the
TPOCTLO.TPOCE bit = 0. (The same value can be written
when the TPOCE bit = 1.) If rewriting was mistakenly
performed, clear the TPOCE bit to 0 and then set the bits
again.

2. The TPOIS3 to TPOISO bits are valid only in the free-
running timer mode and the pulse width measurement
mode. In all other modes, a capture operation is not
possible.
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(5) TMPO I/O control register 2 (TPOIOC?2)
The TPOIOC2 register is an 8-bit register that controls the valid edge of the external event count input signal
(TIPOO pin) and external trigger input signal (TIPOO pin).
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: FFFFF5A4H

7 6 5 4 3 2 1 0
trooc2 | o | o | o | o |rroEesitroEeso|TPoETS1|TPOETSO|

TPOEES1| TPOEESO| External event count input signal (TIPOO pin) valid edge setting

0 0 No edge detection (external event count invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

TPOETS1| TPOETSO| External trigger input signal (TIPOO pin) valid edge setting

0 0 No edge detection (external trigger invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Cautions 1. Rewrite the TPOEES1, TPOEESO, TPOETS1, and TPOETSO
bits when the TPOCTLO.TPOCE bit = 0. (The same value
can be written when the TPOCE bit = 1.) If rewriting was
mistakenly performed, clear the TPOCE bit to 0 and then
set the bits again.

2. The TPOEES1 and TPOEESO bits are valid only when the
TPOCTL1.TPOEEE bit = 1 or when the external event count
mode (TPOCTL1.TPOMD2 to TPOCTL1.TPOMDO bits = 001)
has been set.
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(6) TMPO option register 0 (TPOOPTO)
The TPOOPTO register is an 8-bit register used to set the capture/compare operation and detect an overflow.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: 00H R/W Address: FFFFF5A5H

6 5 4 3 2 1 <0>
troopTo | o | o [rroccsitroccso] o | o | o |TPoOVF|
TPOCCS]| TPOCCRL register capture/compare selection
0 Compare register selected
1 Capture register selected

The TPOCCSL1 bit setting is valid only in the free-running timer mode.

TPOCCSO TPOCCRO register capture/compare selection
0 Compare register selected
1 Capture register selected

The TPOCCSO bit setting is valid only in the free-running timer mode.

TPOOVF TMPO overflow detection flag
Set (1) Overflow occurred
Reset (0) TPOOVF bit 0 written or TPOCTLO.TPOCE bit=0

» The TPOOVF bit is reset when the 16-bit counter count value overflows from
FFFFH to 0000H in the free-running timer mode or the pulse width measurement
mode.

* An interrupt request signal (INTTPOOV) is generated at the same time that the
TPOOVF bitis setto 1. The INTTPOOV signal is not generated in modes other
than the free-running timer mode and the pulse width measurement mode.

» The TPOOVF bit is not cleared even when the TPOOVF bit or the TPOOPTO
register are read when the TPOOVF bit = 1.

» The TPOOVF bit can be both read and written, but the TPOOVF bit cannot be set
to 1 by software. Writing 1 has no influence on the operation of TMPO.

Cautions 1. Rewrite the TPOCCS1 and TPOCCSO bits when the TPOCE
bit = 0. (The same value can be written when the TPOCE
bit = 1.) If rewriting was mistakenly performed, clear the
TPOCE bit to 0 and then set the bits again.

2. Be sure to clear bits 1to 3,6, and 7 to 0.
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(7) TMPO capture/compare register 0 (TPOCCRO)
The TPOCCRO register can be used as a capture register or a compare register depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TPOOPTO.TPOCCSO bit. In the pulse width measurement mode, the TPOCCRO
register can be used only as a capture register. In any other mode, this register can be used only as a
compare register.
The TPOCCRO register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset input clears this register to 0000H.

Caution Accessing the TPOCCRO register is disabled during subclock operation with the main clock
stopped. For details, refer to 3.4.8 (2).

After reset: 0000H R/W Address: FFFFF5A6H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wocero | | [ | [ L [ P[P T
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192

@)

(b)

Function as compare register

The TPOCCRO register can be rewritten even when the TPOCTLO.TPOCE bit = 1.

The set value of the TPOCCRO register is transferred to the CCRO buffer register. When the value of the
16-bit counter matches the value of the CCRO buffer register, a compare match interrupt request signal
(INTTPOCCO) is generated. If TOPOO pin output is enabled at this time, the output of the TOPOO pin is
inverted.

When the TPOCCRO register is used as a cycle register in the interval timer mode, external event count
mode, external trigger pulse output mode, one-shot pulse output mode, or PWM output mode, the value of
the 16-bit counter is cleared (0000H) if its count value matches the value of the CCRO buffer register.

Function as capture register

When the TPOCCRO register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TPOCCRO register if the valid edge of the capture trigger input pin
(TIPOO pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TPOCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIPOO pin) is detected.

Even if the capture operation and reading the TPOCCRO register conflict, the correct value of the
TPOCCRO register can be read.

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

Table 7-2. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode

Capture/Compare Register

How to Write Compare Register

Interval timer

Compare register

Anytime write

External event counter

Compare register

Anytime write

External trigger pulse output Compare register Batch write
One-shot pulse output Compare register Anytime write
PWM output Compare register Batch write

Free-running timer

Capture/compare register

Anytime write

Pulse width measurement

Capture register
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(8) TMPO capture/compare register 1 (TPOCCR1)
The TPOCCRL1 register can be used as a capture register or a compare register depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TPOOPTO.TPOCCSL1 bit. In the pulse width measurement mode, the TPOCCR1
register can be used only as a capture register. In any other mode, this register can be used only as a
compare register.
The TPOCCRL1 register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset input clears this register to 0000H.

Caution Accessing the TPOCCR1 register is disabled during subclock operation with the main clock
stopped. For details, refer to 3.4.8 (2).

After reset: 0000H R/W Address: FFFFF5A8H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wocert | [ | [ [ [ [ [ P[P
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@)

(b)

Function as compare register

The TPOCCRL1 register can be rewritten even when the TPOCTLO.TPOCE bit = 1.

The set value of the TPOCCR1 register is transferred to the CCR1 buffer register. When the value of the
16-bit counter matches the value of the CCR1 buffer register, a compare match interrupt request signal
(INTTPOCC1) is generated. If TOPO1 pin output is enabled at this time, the output of the TOPO1 pin is
inverted.

Function as capture register

When the TPOCCRL register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TPOCCR1 register if the valid edge of the capture trigger input pin
(TIPO1 pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TPOCCRL1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIPO1 pin) is detected.

Even if the capture operation and reading the TPOCCRL1 register conflict, the correct value of the
TPOCCR1 register can be read.

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

the compare register.

Table 7-3. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode

Capture/Compare Register

How to Write Compare Register

Interval timer

Compare register

Anytime write

External event counter

Compare register

Anytime write

External trigger pulse output Compare register Batch write
One-shot pulse output Compare register Anytime write
PWM output Compare register Batch write

Free-running timer

Capture/compare register

Anytime write

Pulse width measurement

Capture register
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(9) TMPO counter read buffer register (TPOCNT)
The TPOCNT register is a read buffer register that can read the count value of the 16-bit counter.
If this register is read when the TPOCTLO.TPOCE bit = 1, the count value of the 16-bit timer can be read.
This register is read-only, in 16-bit units.
The value of the TPOCNT register is cleared to 0000H when the TPOCE bit = 0. If the TPOCNT register is read
at this time, the value of the 16-bit counter (FFFFH) is not read, but O000H is read.
The value of the TPOCNT register is cleared to 0000H after reset, as the TPOCE bit is cleared to 0.

Caution Accessing the TPOCNT register is disabled during subclock operation with the main clock
stopped. For details, refer to 3.4.8 (2).

After reset: 0000H R Address: FFFFF5AAH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
woenr | | | | [ L L[]
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7.5 Operation

TMPO can perform the following operations.

Operation TPOCTL1.TPOEST Bit TIPOO Pin Capture/Compare | Compare Register
(Software Trigger Bit) |(External Trigger Input)| Register Setting Write

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode™** Invalid Invalid Compare only Anytime write
External trigger pulse output mode™*? | Valid Valid Compare only Batch write

One-shot pulse output mode™*? Valid Valid Compare only Anytime write
PWM output mode Invalid Invalid Compare only Batch write

Free-running timer mode Invalid Invalid Switching enabled | Anytime write
Pulse width measurement mode™**? Invalid Invalid Capture only Not applicable

Notes 1. To use the external event count mode, specify that the valid edge of the TIPOO pin capture trigger input is
not detected (by clearing the TPOIOC1.TPOIS1 and TPOIOC1.TPOISO bits to “00").
2. When using the external trigger pulse output mode, one-shot pulse output mode, and pulse width
measurement mode, select the internal clock as the count clock (by clearing the TPOCTL1.TPOEEE bit
to 0).
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7.5.1 Interval timer mode (TPOMD2 to TPOMDO bits = 000)

In the interval timer mode, an interrupt request signal (INTTPOCCO) is generated at the specified interval if the
TPOCTLO.TPOCE bit is set to 1. A square wave whose half cycle is equal to the interval can be output from the
TOPOQO pin.

Usually, the TPOCCRL1 register is not used in the interval timer mode.

Figure 7-2. Configuration of Interval Timer

Clear

Count clock ) Output .

selection = 16-bit counter controller © TOPOO pin
& Match signal )
ﬁ INTTPOCCO signal

TPOCE bit CCRO buffer register

il

TPOCCRO register

Figure 7-3. Basic Timing of Operation in Interval Timer Mode

FFFFH

16-bit counter

0000H

TPOCE bit

TPOCCRO register Do

=1

TOPOO pin output

INTTPOCCO signal —| —| —| —|

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)
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When the TPOCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization
with the count clock, and the counter starts counting. At this time, the output of the TOPQO pin is inverted. Additionally,
the set value of the TPOCCRO register is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is
cleared to 0000H, the output of the TOPOO pin is inverted, and a compare match interrupt request signal
(INTTPOCCO) is generated.

The interval can be calculated by the following expression.

Interval = (Set value of TPOCCRO register + 1) x Count clock cycle

Figure 7-4. Register Setting for Interval Timer Mode Operation (1/2)

(@) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO

TPOCTLOlO/l‘O‘O‘O‘O‘O/l‘O/l‘O/ll

Select count clock

0: Stop counting
1: Enable counting

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO
TPOCTLllO‘O‘O‘O‘O‘O‘O‘Ol

0,0,0:
Interval timer mode

(c) TMPO I/O control register 0 (TPOIOCO)

TPOOL1 TPOOE1l TPOOLO TPOOEO

TPOIOCOlO‘O‘O‘O‘O/l‘O/l‘O/l‘O/ll

0: Disable TOPOO pin output
1: Enable TOPOO pin output

Setting of output level with
operation of TOPOO pin disabled
0: Low level

1: High level

0: Disable TOPO1 pin output
1: Enable TOPO1 pin output

Setting of output level with
operation of TOPO1 pin disabled
0: Low level

1: High level
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Figure 7-4. Register Setting for Interval Timer Mode Operation (2/2)

(d) TMPO counter read buffer register (TPOCNT)

(e)

®

By reading the TPOCNT register, the count value of the 16-bit counter can be read.

TMPO capture/compare register 0 (TPOCCRO)
If the TPOCCRO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle

TMPO capture/compare register 1 (TPOCCR1)

Usually, the TPOCCR1 register is not used in the interval timer mode. However, the set value of the
TPOCCR1 register is transferred to the CCR1 buffer register. A compare match interrupt request signal
(INTTPOCC1) is generated when the count value of the 16-bit counter matches the value of the CCR1
buffer register.

Therefore, mask the interrupt request by using the corresponding interrupt mask flag (TPOCCMK1).

Remark TMPO I/O control register 1 (TPOIOC1), TMPO 1I/O control register 2 (TPOIOC2), and TMPO
option register 0 (TPOOPTO) are not used in the interval timer mode.
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(1) Interval timer mode operation flow

Figure 7-5. Software Processing Flow in Interval Timer Mode

FFFFH
. Do —— Do — Do
16-bit counter
0000H
TPOCE bit
TPOCCRO register x Do

TOPOO pin output

INTTPOCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

=D

Register initial setting Initial setting of these registers is performed
TPOCTLO register before setting the TPOCE bit to 1.
(TPOCKSO to TPOCKS?2 bits)
TPOCTL1 register,
TPOIOCO register,
TPOCCRO register

The TPOCKSO to TPOCKS?2 bits can be
set at the same time when counting has
been started (TPOCE bit = 1).

TPOCE bit=1

<2> Count operation stop flow

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

=
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(2) Interval timer mode operation timing

(@) Operation if TPOCCRO register is cleared to 0000H
If the TPOCCRO register is cleared to 0000H, the INTTPOCCO signal is generated at each count clock, and
the output of the TOPOO pin is inverted.
The value of the 16-bit counter is always O000H.

Count clock
16-bit counter FFFFH 0000H 0000H 0000H 0000H
TPOCE bit
TPOCCRO register 0000H

TOPOO pin output

INTTPOCCO signal

Interval time Interval time Interval time
Count clock cycle | Count clock cycle | Count clock cycle
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(b) Operation if TPOCCRO register is set to FFFFH

If the TPOCCRO register is set to FFFFH, the 16-bit counter counts up to FFFFH. The counter is cleared to
0000H in synchronization with the next count-up timing. The INTTPOCCO signal is generated and the
output of the TOPOO pin is inverted. At this time, an overflow interrupt request signal (INTTPOOV) is not

generated, nor is the overflow flag (TPOOPTO.TPOOVF bit) set to 1.

FFFFH

16-bit counter

0000H

TPOCE bit

TPOCCRO register

TOPOO pin output

INTTPOCCO signal

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

count clock cycle

count clock cycle

count clock cycle
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(c) Notes on rewriting TPOCCRO register
To change the value of the TPOCCRO register to a smaller value, stop counting once and then change the
set value.
If the value of the TPOCCRO 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

TPOCE bit

TPOCCRO register D1 D2

TPOOLO bit L

TOPOO pin output

‘

INTTPOCCO signal —| —|

Interval time (1) Interval time (NG) Interval
time (2)

Remark Interval time (1): (D1 + 1) x Count clock cycle
Interval time (NG): (10000H + D2 + 1) x Count clock cycle
Interval time (2): (D2 + 1) x Count clock cycle

If the value of the TPOCCRO 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 TPOCCRO register
has been rewritten. Consequently, the value of the 16-bit counter that is compared 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 INTTPOCCO
signal is generated and the output of the TOPQO pin is inverted.

Therefore, the INTTPOCCO signal may not be generated at the interval time “(D1 + 1) x Count clock cycle”
or “(Dz2 + 1) x Count clock cycle” originally expected, but may be generated at an interval of “(10000H + D2
+ 1) x Count clock period”.
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(d) Operation of TPOCCRL1 register

Figure 7-6. Configuration of TPOCCR1 Register

Count clock
selection

TPOCCRL1 register

iy

CCRL1 buffer register

{} Match signal

Output

——
controller

—(©) TOPOL1 pin

Clear

INTTPOCC1 signal

16-bit counter

Output
controller

—(©) TOPOO pin

{} Match signal

TPOCE bit

CCRO buffer register

i

TPOCCRO register

INTTPOCCO signal
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If the set value of the TPOCCR1 register is less than the set value of the TPOCCRO register, the
INTTPOCCL1 signal is generated once per cycle. At the same time, the output of the TOPOL1 pin is inverted.
The TOPO1 pin outputs a square wave with the same cycle as that output by the TOPOO pin.

Figure 7-7. Timing Chart When Do1 2 D11

FFFFH
Do1 — Dox — Do1
16-bit counter Z / Z Z
D11 D11 D11 D1

0000H

TPOCE bit

TPOCCRO register Dox

TOPOO pin output

INTTPOCCO signal —| —| —| —|

TPOCCRL1 register D11

TOPO1 pin output

INTTPOCCL1 signal —| —| —| —|
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If the set value of the TPOCCRL1 register is greater than the set value of the TPOCCRO register, the count
value of the 16-bit counter does not match the value of the TPOCCR1 register. Consequently, the
INTTPOCCL1 signal is not generated, nor is the output of the TOPO1 pin changed.

Figure 7-8. Timing Chart When Doz < D11

FFFFH

16-bit counter

0000H

TPOCE bit

TPOCCRO register

TOPOO pin output

INTTPOCCO signal

TPOCCR1 register

TOPO1 pin output

INTTPOCCL1 signal
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7.5.2 External event count mode (TPOMD2 to TPOMDO bits = 001)

In the external event count mode, the valid edge of the external event count input is counted when the
TPOCTLO.TPOCE bit is set to 1, and an interrupt request signal (INTTPOCCO) is generated each time the specified
number of edges have been counted. The TOPOQO pin cannot be used.

Usually, the TPOCCRL1 register is not used in the external event count mode.

Figure 7-9. Configuration in External Event Count Mode

Clear
TIPOO pin Edge
(external event O— detector >— 16-bit counter
count input)
& Match signal

{} INTTPOCCO signal

TPOCE bit CCRO buffer register

il

TPOCCRO register

Figure 7-10. Basic Timing in External Event Count Mode

FFFFH , s )//—\

. Do Do + \ Do
16-bit counter b

0000H ' :
] . External event
TPOCE bit i ! count input | | | | | |
— ' H (TIPOO pin input)
TPOCCRO register x Do:

INTTPOCCO signal —l _l | INTTPOCCO signal |

External External 1* External

16-bit counter Do -1 X Do 0000 XOOOl

h TPOCCRO register Do

event event event
count count count
interval interval interval

(Do+1)  (Do+1) (Do+1)

Remark This figure shows the basic timing when the rising edge is specified as the valid edge of the
external event count input.
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When the TPOCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to O000H. The counter
counts each time the valid edge of external event count input is detected. Additionally, the set value of the TPOCCRO
register is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is
cleared to 0000H, and a compare match interrupt request signal (INTTPOCCO) is generated.

The INTTPOCCO signal is generated each time the valid edge of the external event count input has been detected
(set value of TPOCCRO register + 1) times.

Figure 7-11. Register Setting for Operation in External Event Count Mode (1/2)

(@) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO
trocTof on | o | o | o | o | o | o | o |

‘ 0: Stop counting
1: Enable counting

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO
TPOCTL1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 |

0,0,1:
External event count mode

(c) TMPO I/O control register 0 (TPOIOCO)

TPOOL1 TPOOE1 TPOOLO TPOOEO
TPOIOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/ ‘ o ‘ 0 ‘ 0 |
L 0: Disable TOPOQO pin output

0: Disable TOPOL1 pin output
1: Enable TOPO1 pin output

Setting of output level with
operation of TOPO1 pin
disabled

0: Low level

1: High level

(d) TMPO I/O control register 2 (TPOIOC?2)

TPOEES1 TPOEESO TPOETS1 TPOETSO
TPOIOC2|O‘O‘O‘O‘0/1‘O/1‘ o‘ol

Select valid edge
of external event
count input
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Figure 7-11. Register Setting for Operation in External Event Count Mode (2/2)

(e) TMPO counter read buffer register (TPOCNT)
The count value of the 16-bit counter can be read by reading the TPOCNT register.

(f) TMPO capture/compare register 0 (TPOCCRO)
If Do is set to the TPOCCRO register, the counter is cleared and a compare match interrupt request
signal (INTTPOCCO) is generated when the number of external event counts reaches (Do + 1).

(9) TMPO capture/compare register 1 (TPOCCR1)
Usually, the TPOCCRL1 register is not used in the external event count mode. However, the set value of
the TPOCCR1 register is transferred to the CCR1 buffer register. When the count value of the 16-bit
counter matches the value of the CCR1 buffer register, a compare match interrupt request signal
(INTTPOCC1) is generated.
Therefore, mask the interrupt signal by using the interrupt mask flag (TPOCCMK1).

Remark TMPO I/O control register 1 (TPOIOC1) and TMPO option register 0 (TPOOPTO) are not used
in the external event count mode.
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(1) External event count mode operation flow

Figure 7-12. Flow of Software Processing in External Event Count Mode

FFFFH

. Do —— Do —— Do A
16-bit counter

0000H

TPOCE bit

TPOCCRO register x Do

INTTPOCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers
TPOCTLO register is performed before setting the
(TPOCKSO0 to TPOCKS2 bits) TPOCE bit to 1.

TPOCTL1 register,
TPOIOCO register,
TPOIOC2 register,
TPOCCRO register

The TPOCKSO to TPOCKS?2 bits can
be set at the same time when counting
has been started (TPOCE bit = 1).

TPOCE bit=1

<2> Count operation stop flow

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

C s )
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(2) Operation timing in external event count mode

(@) Operation if TPOCCRO register is cleared to 0000H
If the TPOCCRO register is cleared to 0000H, the INTTPOCCO signal is generated each time the valid
signal of the external event count signal has been detected.
The 16-bit counter is always 0000H.

External event count signal

16-bit counter

FFFFH

0000H

0000H

0000H

0000H

TPOCE bit

TPOCCRO register

0000H

INTTPOCCO signal

External event
count signal
interval

External event
count signal
interval

External event
count signal
interval

(b) Operation if TPOCCRO register is set to FFFFH
If the TPOCCRO register is set to FFFFH, the 16-bit counter counts to FFFFH each time the valid edge of

the external event count signal has been detected.

The 16-bit counter is cleared to O000H in

synchronization with the next count-up timing, and the INTTPOCCO signal is generated. At this time, the

TPOOPTO.TPOOVF bit is not set.

FFFFH

16-bit counter

0000H

TPOCE bit

TPOCCRO register

INTTPOCCO signal

FFFFH

|

|

External event
count signal
interval

External event
count signal
interval

External event
count signal
interval
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(c) Notes on rewriting the TPOCCRO register

To change the value of the TPOCCRO register to a smaller value, stop counting once and then change the
set value.
If the value of the TPOCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.

FFFFH
D1 D1 /
16-bit counter
D2 D2—)y D2——
0000H
TPOCE bit
TPOCCRO register D1 D2

INTTPOCCO 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)

212

If the value of the TPOCCRO 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 TPOCCRO register
has been rewritten. Consequently, the value that is compared with the 16-bit counter is Do.

Because the count value has already exceeded D2, however, the 16-bit counter counts up to FFFFH,
overflows, and then counts up again from 0000H. When the count value matches D2, the INTTPOCCO
signal is generated.

Therefore, the INTTPOCCO signal may not be generated at the valid edge count of “(D1 + 1) times” or “(D2
+ 1) times” originally expected, but may be generated at the valid edge count of “(10000H + D2 + 1) times”.
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(d) Operation of TPOCCRL1 register

Figure 7-13. Configuration of TPOCCR1 Register

TPOCCR1 register

iy

CCR1 buffer register cc?nl;:gﬁ;r —© TOPO1 pin
QVL'Mamhs@nw INTTPOCCL signal
Clear
TIPOO pin O— delzzti?:?or >—* 16-bit counter
{} Match signal INTTPOCCO signal
TPOCE bit CCRO buffer register

il

TPOCCRO register

If the set value of the TPOCCR1 register is smaller than the set value of the TPOCCRO register, the
INTTPOCCL1 signal is generated once per cycle. At the same time, the output signal of the TOPO1 pin is
inverted.

Figure 7-14. Timing Chart When Do1 2 D11

FFFFH

Doz —— Dox —— Do1 — Do1 ——
16-bit counter 455;;7 gif;;7 415;;7 415;;7
6-bit counte D11 D11 D11 D11

0000H

TPOCE bit

TPOCCRO register Doz

INTTPOCCO signal —l —l —l —l

TPOCCRI1 register Du

TOPO1 pin output

INTTPOCCL1 signal —| _| —| —|
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If the set value of the TPOCCRL1 register is greater than the set value of the TPOCCRO register, the
INTTPOCCL1 signal is not generated because the count value of the 16-bit counter and the value of the
TPOCCR1 register do not match. Nor is the output signal of the TOPO1 pin changed.

Figure 7-15. Timing Chart When Doz < D11

FFFFH

16-bit counter

0000H /

TPOCE bit
TPOCCRO register Do
INTTPOCCO signal —| —| —| —|
TPOCCRL1 register D11

TOPO1 pin output

INTTPOCC1 signal L
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7.5.3 External trigger pulse output mode (TPOMD2 to TPOMDO bits = 010)
In the external trigger pulse output mode, 16-bit timer/event counter P waits for a trigger when the
TPOCTLO.TPOCE hit is set to 1. When the valid edge of an external trigger input signal is detected, 16-bit timer/event
counter P starts counting, and outputs a PWM waveform from the TOPO1 pin.
Pulses can also be output by generating a software trigger instead of using the external trigger. When using a
software trigger, a square wave that has one cycle of the PWM waveform as half its cycle can also be output from the

TOPOQO pin.

Figure 7-16. Configuration in External Trigger Pulse Output Mode

Edge

TIPOO pin © detector

Software trigger
generation

TPOCCRL1 register

S

CCRL1 buffer register

{} Match signal

Transfer

Output
controller |—=@©) TOPOL1 pin

( (RS-FF)
‘ INTTPOCCL1 signal

Clear

Count
clock
selection

Count
start
control

—1 16-bit counter

TPOCE bit

el UL L& TOPOO pin

controller

INTTPOCCO signal

& Match signal

CCRO buffer register

i

TPOCCRO register
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Figure 7-17. Basic Timing in External Trigger Pulse Output Mode

FFFFH
Do Do Do

16-bit counter D1 D1 Z D1 Z D1 2

0000H

TPOCE bit

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

TPOCCRO register x Do
INTTPOCCO signal —| —| —|

TOPOO pin output
(software trigger)

TPOCCR1 register x D1
INTTPOCCL1 signal —| —| —| —|

TOPO1 pin output

—

Wait | Active level Active leve Active level
for |width (Da1) width (D1) width (D1)
trigger
Cycle (Do + 1) Cycle (Do + 1) Cycle (Do + 1)

16-bit timer/event counter P waits for a trigger when the TPOCE bit is set to 1. When the trigger is generated, the
16-bit counter is cleared from FFFFH to 0000H, starts counting at the same time, and outputs a PWM waveform from
the TOPO1 pin.

If the trigger is generated again while the counter is operating, the counter is cleared to 0000H and restarted.

The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TPOCCRL1 register) x Count clock cycle
Cycle = (Set value of TPOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPOCCRL1 register)/(Set value of TPOCCRO register + 1)

The compare match interrupt request signal INTTPOCCO is generated when the 16-bit counter counts next time
after its count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The
compare match interrupt request signal INTTPOCC1 is generated when the count value of the 16-hit counter matches
the value of the CCR1 buffer register.

The value set to the TPOCCRa register is transferred to the CCRa buffer register when the count value of the 16-bit
counter matches the value of the CCRa buffer register and the 16-bit counter is cleared to 0000H.

The valid edge of an external trigger input signal, or setting the software trigger (TPOCTL1.TPOEST bit) to 1 is used
as the trigger.

Remark a=0,1
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Figure 7-18. Setting of Registers in External Trigger Pulse Output Mode (1/2)

(@) TMPO control register 0 (TPOCTLO)
TPOCE TPOCKS2 TPOCKS1 TPOCKSO
TPOCTLO | o/ ‘ 0 ‘ 0 ‘ 0 ‘ 0

Select count clock™°'®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPOCTL1.TPOEEE bit = 1.

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO

TPOCTLllO‘O/l‘O/l‘O‘O‘O‘l‘0|

0,1,0:
External trigger pulse
output mode

0: Operate on count
clock selected by
TPOCKSO0 to TPOCKS?2 bits
1: Count with external
event input signal

Generate software trigger
when 1 is written

(c) TMPO I/O control register 0 (TPOIOCO)

TPOOL1 TPOOE1l TPOOLO TPOOEO

TPOIOCOlO‘O‘O‘O‘O/l‘O/l‘O/l‘O/ll

0: Disable TOPOO pin output
1: Enable TOPOO pin output

Settings of output level while
operation of TOPQO pin is disabled
0: Low level

1: High level

0: Disable TOPO1 pin output
1: Enable TOPO1 pin output

Specifies active level of TOP01
pin output

0: Active-high

1: Active-low

e When TPOOL1 bit =0 ¢ When TPOOL1 bit =1

16-bit counter /I/I/I/I/

TOPOL pinoutput _ 1 1L 1L I—

16-bit counter /I/I/I/I/

TOPOL pinoutput —_ LI 1 I 1 __
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Figure 7-18. Setting of Registers in External Trigger Pulse Output Mode (2/2)

(d) TMPO I/O control register 2 (TPOIOC?2)

TPOEES1 TPOEESO TPOETS1 TPOETSO
TPOIOCZl 0 ‘ 0 ‘ 0 ‘ 0‘0/1‘0/1‘0/1‘0/1|

L]
Select valid edge of

external trigger input

Select valid edge of
external event count input

(e) TMPO counter read buffer register (TPOCNT)
The value of the 16-bit counter can be read by reading the TPOCNT register.

(f) TMPO capture/compare registers 0 and 1 (TPOCCRO and TPOCCR1)
If Do is set to the TPOCCRO register and D1 to the TPOCCR1 register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = D1 x Count clock cycle

Remark TMPO I/O control register 1 (TPOIOC1) and TMPO option register 0 (TPOOPTO) are not used
in the external trigger pulse output mode.
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(1) Operation flow in external trigger pulse output mode

Figure 7-19. Software Processing Flow in External Trigger Pulse Output Mode (1/2)
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Figure 7-19. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

<1> Count operation start flow <3> TPOCCRO, TPOCCR1 register

setting change flow

(o )

Register initial setting
TPOCTLO register
(TPOCKSO0 to TPOCKS?2 bits)
TPOCTL1 register,
TPOIOCO register,
TPOIOC?2 register,
TPOCCRO register,
TPOCCRLI register

TPOCE bit=1

Setting of TPOCCRL1 register

Initial setting of these
registers is performed
before setting the
TPOCE bit to 1.

<4> TPOCCRO, TPOCCR1 register

The TPOCKSO to
TPOCKS?2 bits can be
set at the same time

setting change flow

when counting is
enabled (TPOCE bit = 1).
Trigger wait status

Setting of TPOCCRO register

Setting of TPOCCRL1 register

<2> TPOCCRO and TPOCCR1 register

setting change flow

Setting of TPOCCRO register

Setting of TPOCCR1 register

Remark a=0,1

<5> Count operation stop flow

TPOCCRLI register write
processing is necessary

TPOCE bit=0

only when the set
cycle is changed.

When the counter is
cleared after setting,

the value of the TPOCCRa
register is transferred to
the CCRa buffer register.

=

Only writing of the TPOCCR1
register must be performed when
the set duty factor is changed.
When the counter is cleared after
setting, the value of the
TPOCCRa register is transferred
to the CCRa buffer register.

When the counter is
cleared after setting,

the value of the TPOCCRa
register is transferred to
the CCRa buffer register.

Counting is stopped.
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(2) External trigger pulse output mode operation timing

(@) Note on changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TPOCCRL1 register last.
Rewrite the TPOCCRa register after writing the TPOCCRL1 register after the INTTPOCCO signal is detected.

FFFFH

— Dn D11

16-bit counter Doo 1~ Doo 4~ Doo
Dio /] Dio /] D1o /]

0000H

TPOCE bit

External trigger input
(TIPOO pin input)

TPOCCRO register x Doo X Doz

CCRO buffer register Doo Doz

INTTPOCCO signal 1 1 1 1 1

TOPOO pin output

(software trigger)
TPOCCRL1 register x D1o X Du
CCR1 buffer register D1o Du

INTTPOCC1 signal 1 1 1 1 1

TOPO1 pin output
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222

In order to transfer data from the TPOCCRa register to the CCRa buffer register, the TPOCCR1 register
must be written.

To change both the cycle and active level width of the PWM waveform at this time, first set the cycle to the
TPOCCRO register and then set the active level width to the TPOCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TPOCCRO register, and then write
the same value to the TPOCCRL1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TPOCCR1 register has
to be set.

After data is written to the TPOCCRL1 register, the value written to the TPOCCRa register is transferred to
the CCRa buffer register in synchronization with clearing of the 16-bit counter, and is used as the value
compared with the 16-bit counter.

To write the TPOCCRO or TPOCCR1 register again after writing the TPOCCRL1 register once, do so after the
INTTPOCCO signal is generated. Otherwise, the value of the CCRa buffer register may become undefined
because the timing of transferring data from the TPOCCRa register to the CCRa buffer register conflicts
with writing the TPOCCRa register.

Remark a=0,1
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, clear the TPOCCRL1 register to 0000H. If the set value of the TPOCCRO register
is FFFFH, the INTTPOCC1 signal is generated periodically.

Count clock ||||||||||||||||||
16-bit counter FFFF X 0000 :XDo—lx Do OOOOXOOOIX ::XDo—lx Do OOOOx

{
)
TPOCE bit

{ {(
)] )]

TPOCCRO register Do Do Do
} }
)] )]

TPOCCR1 register 0000H 0000H 0000H
{ {(
)] )]

INTTPOCCO signal

INTTPOCC1 signal

TOPO1 pin output

To output a 100% waveform, set a value of (set value of TPOCCRO register + 1) to the TPOCCRL1 register.
If the set value of the TPOCCRO register is FFFFH, 100% output cannot be produced.

Count clock |||||||||||||||||||
16-bit counter ~ FFFF X 0000 ::XDo—lx Do OOOOXOOle ::XDO_]'X Do OOOOX

[
)]
TPOCE bit

{ {(
)] )]

TPOCCRO register Do Do Do
! )
)] )]

TPOCCRL1 register Do+1 Do+1 Do+1

INTTPOCCO signal |

INTTPOCCL1 signal

TOPO1 pin output

User's Manual U16891EJ1VOUD 223



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

(c) Conflict between trigger detection and match with TPOCCRL1 register
If the trigger is detected immediately after the INTTPOCCL1 signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOPO1 pin is asserted, and the counter continues

counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter FFFF 0000 x Di-1
— )

External trigger input
(TIPOO pin input)

TPOCCRL1 register

INTTPOCCL1 signal

TOPO1 pin output

0000 x

=

Shortened

If the trigger is detected immediately before the INTTPOCCL1 signal is generated, the INTTPOCCL signal is
not generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal of the

TOPO1 pin remains active. Consequently, the active period of the PWM waveform is extended.

External trigger input
(TIPOO pin input)

16-bit counter  FFFF |[X 0000 x D1 - ZX

[

X 0000 X 0001 X:::XE

TPOCCRL1 register

D1

INTTPOCCL1 signal

TOPO1 pin output

Extended
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(d) Conflict between trigger detection and match with TPOCCRO register
If the trigger is detected immediately after the INTTPOCCO signal is generated, the 16-bit counter is
cleared to 0000H and continues counting up. Therefore, the active period of the TOPO1 pin is extended by
time from generation of the INTTPOCCO signal to trigger detection.

0000 x

16-bit counter FFFF .OOOO x Do — 1X Do 0000

External trigger input
(TIPOO pin input)

TPOCCRO register

INTTPOCCO signal

TOPO1 pin output

s

Do

=

Extended

If the trigger is detected immediately before the INTTPOCCO signal is generated, the INTTPOCCO signal is
not generated. The 16-bit counter is cleared to 0000H, the TOPO1 pin is asserted, and the counter

continues counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter FFFF .0000 x Do - 1X Do

External trigger input
(TIPOO pin input)

TPOCCRO register

INTTPOCCO signal

TOPOL1 pin output

|
0000 X 0001 X:

s

Do

||

Shortened
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(e) Generation timing of compare match interrupt request signal (INTTPOCC1)
The timing of generation of the INTTPOCC1 signal in the external trigger pulse output mode differs from
the timing of other INTTPOCCL1 signals; the INTTPOCC1 signal is generated when the count value of the
16-bit counter matches the value of the TPOCCRL1 register.

Count clock
16-bit counter Di-1 X Di-1 D1 X Di+1 X Di+2
TPOCCRL1 register D1

TOPO1 pin output

INTTPOCC1 signal

Usually, the INTTPOCCL1 signal is generated in synchronization with the next count up, after the count
value of the 16-bit counter matches the value of the TPOCCR1 register.
In the external trigger pulse output mode, however, it is generated one clock earlier. This is because the

timing is changed to match the timing of changing the output signal of the TOPO1 pin.
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7.5.4 One-shot pulse output mode (TPOMD2 to TPOMDO bits = 011)

In the one-shot pulse output mode, 16-bit timer/event counter P waits for a trigger when the TPOCTLO.TPOCE bit is
setto 1. When the valid edge of an external trigger input is detected, 16-bit timer/event counter P starts counting, and
outputs a one-shot pulse from the TOPO1 pin.

Instead of the external trigger, a software trigger can also be generated to output the pulse. When the software
trigger is used, the TOPOO pin outputs the active level while the 16-bit counter is counting, and the inactive level when
the counter is stopped (waiting for a trigger).

Figure 7-20. Configuration in One-Shot Pulse Output Mode

TPOCCRL1 register

in © Edge {;7 Transfer
TIPOO pin detector
Output
CCR1 buffer register _| Scontroller |—=@© TOPO1 pin
) (RS-FF)
Software trigger {} Match sianal
i atch signal
generation 9 INTTPOCC1 signal
Clear
Output
Count clock Count start "1S .
. ) -~ ] 16-bit counter controller Q) TOPOO pin
selection control v R (RS-FF)
& Match signal INTTPOCCO signal
TPOCE bit CCRO buffer register
{ } Transfer
|
TPOCCRO register
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Figure 7-21. Basic Timing in One-Shot Pulse Output Mode

FFFFH
Do —— Do Do A
16-bit counter Z Z
D1 D1 D1
0000H
TPOCE bit

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

TPOCCRO register x Do

INTTPOCCO signal —l —l —l

TOPOO pin output
(software trigger)

TPOCCR1 register x D1
INTTPOCCL1 signal —| —| —|

TOPO1 pin output

Delay | Active Delay | Active Delay | Active
(D2) level width (Do) level width  (D1) level width
(Do-D1+1) (Do-D1+1) (Do-D1+1)

When the TPOCE bit is set to 1, 16-bit timer/event counter P waits for a trigger. When the trigger is generated, the
16-hit counter is cleared from FFFFH to 0000H, starts counting, and outputs a one-shot pulse from the TOPO1 pin.
After the one-shot pulse is output, the 16-bit counter is set to FFFFH, stops counting, and waits for a trigger. If a
trigger is generated again while the one-shot pulse is being output, it is ignored.

The output delay period and active level width of the one-shot pulse can be calculated as follows.

Output delay period = (Set value of TPOCCR1 register) x Count clock cycle
Active level width = (Set value of TPOCCRO register - Set value of TPOCCR1 register + 1) x Count clock cycle

The compare match interrupt request signal INTTPOCCO is generated when the 16-bit counter counts after its
count value matches the value of the CCRO buffer register. The compare match interrupt request signal INTTPOCC1
is generated when the count value of the 16-bit counter matches the value of the CCR1 buffer register.

The valid edge of an external trigger input or setting the software trigger (TPOCTL1.TPOEST bit) to 1 is used as the
trigger.
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Figure 7-22. Setting of Registers in One-Shot Pulse Output Mode (1/2)

(@) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO
TPOCTLOlO/l‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘0/1‘0/1‘0/1|

Select count clock™°'®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPOCTL1.TPOEEE bit = 1.

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO
TPOCTLllO‘O/l‘O/l‘O‘O‘O‘l‘1|

0,1,1:
One-shot pulse output mode

0: Operate on count clock
selected by TPOCKSO to
TPOCKS2 bits

1: Count external event
input signal

Generate software trigger
when 1 is written

(c) TMPO I/O control register 0 (TPOIOCO)

TPOOL1 TPOOE1 TPOOLO TPOOEO
TPOIOCOl 0 ‘ 0 ‘ 0 ‘ 0‘0/1‘0/1‘0/1‘0/1|

0: Disable TOPOQO pin output
1: Enable TOPOO pin output

Setting of output level while
operation of TOPOO pin is disabled
0: Low level

1: High level

0: Disable TOPO1 pin output
1: Enable TOPO1 pin output

Specifies active level of
TOPO1 pin output

0: Active-high
1: Active-low
e When TPOOL1 bit=0 e When TPOOL1 hit=1
16-bit counter v | e | 16-bit counter d | d |
TOPOL1 pin output 1 1 TOPO1 pin output L1 LI
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Figure 7-22. Setting of Registers in One-Shot Pulse Output Mode (2/2)

(d) TMPO I/O control register 2 (TPOIOC?2)

TPOEES1 TPOEESO TPOETS1 TPOETSO
TPOIOCZl 0 ‘ 0 ‘ 0 ‘ 0‘0/1‘0/1‘0/1‘0/1|

Select valid edge of

external trigger input

Select valid edge of
external event count input

(e) TMPO counter read buffer register (TPOCNT)
The value of the 16-bit counter can be read by reading the TPOCNT register.

(f) TMPO capture/compare registers 0 and 1 (TPOCCRO and TPOCCR1)
If Do is set to the TPOCCRO register and D1 to the TPOCCR1 register, the active level width and output
delay period of the one-shot pulse are as follows.
Active level width = (D1 — Do + 1) x Count clock cycle
Output delay period = D1 x Count clock cycle

Remark TMPO I/O control register 1 (TPOIOC1) and TMPO option register 0 (TPOOPTO) are not used
in the one-shot pulse output mode.
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(1) Operation flow in one-shot pulse output mode

Figure 7-23. Software Processing Flow in One-Shot Pulse Output Mode
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<2> Count operation stop flow
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(2) Operation timing in one-shot pulse output mode

(&) Note on rewriting TPOCCRa register

To change the set value of the TPOCCRa register to a smaller value, stop counting once, and then change
the set value.
If the value of the TPOCCRa register is rewritten to a smaller value during counting, the 16-bit counter may

overflow.

FFFFH

16-bit counter

0000H

TPOCE bit

External trigger input
(TIPOO pin input)

TPOCCRO register

INTTPOCCO signal

TOPOO pin output
(software trigger)

TPOCCRL1 register

INTTPOCCL1 signal

TOPO1 pin output

v

Dio

b

D11

/

Doo

Dio

Delay Delay Delay
(D10) (D10) (10000H + D11)

et —ione|

Active level width Active level width Active level width
(Doo - D10 + 1) (Doo = D10 + 1) (Do1 = D11 + 1)

232

When the TPOCCRO register is rewritten from Doo to Doz and the TPOCCR1 register from Dio to D11 where
Doo > Do1 and Dio > D1z, if the TPOCCR1 register is rewritten when the count value of the 16-bit counter is
greater than D11 and less than D1o and if the TPOCCRO register is rewritten when the count value is greater
than Do1 and less than Doo, each set value is reflected as soon as the register has been rewritten and
compared with the count value. The counter counts up to FFFFH and then counts up again from 0000H.
When the count value matches D11, the counter generates the INTTPOCC1 signal and asserts the TOP0O1
pin. When the count value matches Doz, the counter generates the INTTPOCCO signal, deasserts the
TOPO1 pin, and stops counting.

Therefore, the counter may output a pulse with a delay period or active period different from that of the
one-shot pulse that is originally expected.

Remark a=0,1
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(b) Generation timing of compare match interrupt request signal (INTTPOCC1)
The generation timing of the INTTPOCCL signal in the one-shot pulse output mode is different from other
INTTPOCC1 signals; the INTTPOCC1 signal is generated when the count value of the 16-bit counter
matches the value of the TPOCCR1 register.

Count clock
16-bit counter Di-2 X Di-1 D1 X Di+1 X Di+2
TPOCCRL1 register D1

TOPO1 pin output

INTTPOCCL1 signal

Usually, the INTTPOCCL1 signal is generated when the 16-bit counter counts up next time after its count
value matches the value of the TPOCCR1 register.

In the one-shot pulse output mode, however, it is generated one clock earlier. This is because the timing is
changed to match the change timing of the TOPO1 pin.
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7.5.5 PWM output mode (TPOMD2 to TPOMDO bits = 100)
In the PWM output mode, a PWM waveform is output from the TOPO1 pin when the TPOCTLO.TPOCE bit is set to 1

In addition, a pulse with one cycle of the PWM waveform as half its cycle is output from the TOPOO pin.

Figure 7-24. Configuration in PWM Output Mode

TPOCCRL1 register
{}\ Transfer
Output
CCR1 buffer register Rcontroller — O TOPO1 pin
( (RS-FF)
{} Match signal INTTPOCCL signal
Clear
Count Count Outout
clock start | 16-bit counter > Li pﬁ —© TOPO0O pin
selection control controller
Match si |
{} atch signa INTTPOCCO signal

CCRO bulffer register

{ } Transfer

TPOCCRO register

TPOCE bit
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Figure 7-25. Basic Timing in PWM Output Mode
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TPOCE bit
TPOCCRO register X Doo X Doz
CCRO buffer register Doo Do

INTTPOCCO signal —l —l —l —l _l

TOPOO pin output

TPOCCRL1 register X D1o X Du

CCR1 buffer register D1o Du

INTTPOCCL signal _l —l —l —l —l

TOPO1 pin output

Active period  Cycle Inactive period
(D) (Doo + 1) (Doo — D10 + 1)

When the TPOCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a
PWM waveform from the TOPO1 pin.
The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TPOCCRL1 register ) x Count clock cycle
Cycle = (Set value of TPOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPOCCRL1 register)/(Set value of TPOCCRO register + 1)

The PWM waveform can be changed by rewriting the TPOCCRa register while the counter is operating. The newly
written value is reflected when the count value of the 16-bit counter matches the value of the CCRO buffer register and
the 16-bit counter is cleared to 0000H.

The compare match interrupt request signal INTTPOCCO is generated when the 16-bit counter counts next time
after its count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The
compare match interrupt request signal INTTPOCCL is generated when the count value of the 16-bit counter matches
the value of the CCR1 buffer register.

The value set to the TPOCCRa register is transferred to the CCRa buffer register when the count value of the 16-bit
counter matches the value of the CCRa buffer register and the 16-bit counter is cleared to 0000H.

Remark a=0,1
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Figure 7-26. Register Setting in PWM Output Mode (1/2)

(@) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO

TPOCTLOlO/l‘0‘0‘0‘0‘0/1‘0/1‘0/1'

Select count clock™°*®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPOCTL1.TPOEEE bit = 1.

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO

TPOCTLllO‘O‘O‘O‘O‘l‘O‘Ol

1,0,0:
PWM output mode

(c) TMPO I/O control register 0 (TPOIOCO)

TPOOL1 TPOOE1 TPOOLO TPOOEO

TPOIOCOlO‘O‘O‘O‘O/l‘O/l‘O/l‘O/ll

0: Disable TOPOO pin output
1: Enable TOPOO pin output

Setting of output level while
operation of TOPOO pin is disabled
0: Low level

1: High level

0: Disable TOPO1 pin output
1: Enable TOPO1 pin output

Specifies active level of TOPO1

pin output
0: Active-high
1: Active-low
* When TPOOL1 bit =0 * When TPOOL1 bit =1
16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/
TOPO1 pin output I I I TOPOlpinoutput —1 [ L T L T 1
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Figure 7-26. Register Setting in PWM Output Mode (2/2)

(d) TMPO I/O control register 2 (TPOIOC?2)

TPOEES1 TPOEESO TPOETS1 TPOETSO
TPOIOCZlO‘O‘O‘O‘O/l‘O/l‘ o‘ol

Select valid edge
of external event
count input.

(e) TMPO counter read buffer register (TPOCNT)
The value of the 16-bit counter can be read by reading the TPOCNT register.

(fy TMPO capture/compare registers 0 and 1 (TPOCCRO and TPOCCR1)
If Do is set to the TPOCCRO register and D1 to the TPOCCR1 register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = D1 x Count clock cycle

Remark TMPO I/O control register 1 (TPOIOC1) and TMPO option register 0 (TPOOPTOQ) are not used
in the PWM output mode.
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(1) Operation flow in PWM output mode

Figure 7-27. Software Processing Flow in PWM Output Mode (1/2)

FFFFH

16-bit counter Doo Doo Du1 D11 Doo

D1o D1o D1o D1o
0000H

TPOCE bit

TPOCCRO register

o
S
>
o
=
>
o
S

CCRO buffer register Doo X Doz X Doo

INTTPOCCO signal —| _| —| —| _| —|

TOPOO pin output

TPOCCRL1 register Du D1o

o
o
1
o

CCR1 buffer register D1o X D1o X D11 X D1o

INTTPOCCL1 signal —| —| —| —| —| —|
TOPO1 pin output J |

<1> <2> <3> <4> <5>
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Figure 7-27. Software Processing Flow in PWM Output Mode (2/2)

<1> Count operation start flow <3> TPOCCRO, TPOCCRLI register
setting change flow
Only writing of the TPOCCR1
START | register must be performed
‘ when the set duty factor is

changed. When the counter is

Setting of TPOCCR1 register cleared after setting, the
value of compare register a

Register initial setting Initial setting of these ‘ is transferred to the CCRa
TPOCTLO register registers is performed ‘ buffer register.
(TPOCKSO to TPOCKS?2 bits) before setting the 1
TPOCTL1 register, TPOCE bit to 1.

TPOIOCO register,
TPOIOC2 register,
TPOCCRO register,

TPOCCR1 register <4> TPOCCRO, TPOCCR1 register

setting change flow

The TPOCKSO to |

TPOCKS2 bits can be }

set at the same time ‘

when counting is When the counter is

enabled (TPOCE bit = 1). Setting of TPOCCRO register cleared after setting,

the value of compare

register a is transferred to the
CCRa buffer register.

TPOCE bit=1

Setting of TPOCCR1 register

<2> TPOCCRO, TPOCCR1 register
setting change flow

TPOCCR1 write [

. . TPOCE bit=0
Setting of TPOCCRO register processing is necessary
only when the set cycle
is changed.

When the counter is STOP
Setting of TPOCCR1 regiSter cleared after Setting’
the value of the TPOCCRa

register is transferred to the
CCRa buffer register.

<5> Count operation stop flow

Counting is stopped.

Remark a=0,1

User's Manual U16891EJ1VOUD 239




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

(2) PWM output mode operation timing

(&) Changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TPOCCRL1 register last.

Rewrite the TPOCCRa register after writing the TPOCCR1 register after the INTTPOCC1 signal is detected.

FFFFH
Do1 72— Do1 ——
16-bit counter D10D0027 D10D0027 D1|030027 D11 / Du1 /
0000H
TPOCE bit
TPOCCRO register X Doo X Doz
CCRO buffer register Doo Do1
TPOCCRL1 register X Dio X D11
CCR1 buffer register D1o Du
TOPO1 pin output || | ||
INTTPOCCO signal —| —| —| —| —|

240

To transfer data from the TPOCCRa register to the CCRa buffer register, the TPOCCR1 register must be
written.

To change both the cycle and active level of the PWM waveform at this time, first set the cycle to the
TPOCCRO register and then set the active level to the TPOCCRL register.

To change only the cycle of the PWM waveform, first set the cycle to the TPOCCRO register, and then write
the same value to the TPOCCRL1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TPOCCR1 register has
to be set.

After data is written to the TPOCCRL1 register, the value written to the TPOCCRa register is transferred to
the CCRa buffer register in synchronization with clearing of the 16-bit counter, and is used as the value
compared with the 16-bit counter.

To write the TPOCCRO or TPOCCR1 register again after writing the TPOCCRL1 register once, do so after the
INTTPOCCO signal is generated. Otherwise, the value of the CCRa buffer register may become undefined
because the timing of transferring data from the TPOCCRa register to the CCRa buffer register conflicts
with writing the TPOCCRa register.

Remark a=0,1
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TPOCCRL1 register to 0000H. If the set value of the TPOCCRO register is
FFFFH, the INTTPOCC1 signal is generated periodically.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF .0000 ::XDOO - 1X Doo 0000 X 0001 x ::XDDO - 1X Doo 0000 x
3

TPOCE bit
{ {(
)] )]
TPOCCRO register Doo Doo Doo
! )
)] )]
TPOCCR1 register 0000H B 0000H N 0000H
INTTPOCCO signal

INTTPOCC1 signal

TOPO1 pin output

To output a 100% waveform, set a value of (set value of TPOCCRO register + 1) to the TPOCCRL register.
If the set value of the TPOCCRO register is FFFFH, 100% output cannot be produced.

Count clock ||||||||||||||||||
16-bit counter  FFFF .OOOO ::XDoo—lx Doo OOOOX 0001* ::XDoo—lx Doo OOOOX
[
)T

TPOCE bit
{ {(
)] )]
TPOCCRO register Doo Doo Doo
R )
)] )]
TPOCCR1 register Doo + 1 Doo + 1 Doo + 1

INTTPOCCO signal |

INTTPOCC1 signal

TOPO1 pin output
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(c) Generation timing of compare match interrupt request signal (INTTPOCC1)
The timing of generation of the INTTPOCC1 signal in the PWM output mode differs from the timing of other
INTTPOCCL1 signals; the INTTPOCC1 signal is generated when the count value of the 16-bit counter
matches the value of the TPOCCR1 register.

Count clock
16-bit counter D1-2 X Di-1 D1 X Di+1 X Di1+2
TPOCCRL1 register D1

TOPOL1 pin output

INTTPOCC1 signal

Usually, the INTTPOCC1 signal is generated in synchronization with the next counting up after the count

value of the 16-bit counter matches the value of the TPOCCR1 register.
In the PWM output mode, however, it is generated one clock earlier. This is because the timing is changed

to match the change timing of the output signal of the TOPO1 pin.
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7.5.6 Free-running timer mode (TPOMD2 to TPOMDO bits = 101)

In the free-running timer mode, 16-bit timer/event counter P starts counting when the TPOCTLO.TPOCE bit is set to
1. At this time, the TPOCCRa register can be used as a compare register or a capture register, depending on the
setting of the TPOOPTO.TPOCCSO0 and TPOOPTO.TPOCCS1 bits.

Figure 7-28. Configuration in Free-Running Timer Mode

TPOCCRI register Cc?n‘frgﬁter L~ © TOPO1 pin output
(compare)
%’ tput .
1 cc?ntirgﬁer —(©) TOPOO pin output
TPOCCRO register
(compare)
{} TPOCCSO0, TPOCCSL1 bits
(capture/compare selection)
Internal count clock —{ Count ﬁ
| sec||eocctli(on ] } -l 16-bit counter INTTPOOV signal
; Edge
TIPOO pin
(external event detector ~
count input/ TPOCE bit 0 )
capture — — INTTPOCC1 signal
trigger input) Digital [ [ Edge 1 g
hoise detector
eliminator 0 )
TPOCCRO register 1 INTTPOCCO signal
Digital . (capture)
TIPOL pin O—{ nose [ gonie
~ (capture eliminator
trigger input) TPOCCRL1 register
(capture)

Remark a=0,1
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When the TPOCE bit is set to 1, 16-bit timer/event counter P starts counting, and the output signals of the TOPQOO
and TOPO1 pins are inverted. When the count value of the 16-bit counter later matches the set value of the TPOCCRa
register, a compare match interrupt request signal (INTTPOCCa) is generated, and the output signal of the TOPOa pin

is inverted.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it
generates an overflow interrupt request signal (INTTPOOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TPOOPTO.TPOOVF bit) is also set to 1. Clear the overflow flag to 0 by

executing the CLR instruction by software.

The TPOCCRa register can be rewritten while the counter is operating. If it is rewritten, the new value is reflected at

that time, and compared with the count value.

Figure 7-29. Basic Timing in Free-Running Timer Mode (Compare Function)

FFFFH

16-bit counter

0000H

TPOCE bit

TPOCCRO register

INTTPOCCO signal

TOPOO pin output

TPOCCRL1 register

INTTPOCCL1 signal

TOPO1 pin output

INTTPOOV signal

TPOOVF bit

Remark a=0,1

Doo
Dio /

Do1
D11 /

D11

/

=l

=l

Clearedto O by Clearedto0by ClearedtoOby Clearedto 0 by

CLR instruction

CLR instruction

CLR instruction

CLR instruction
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When the TPOCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIPOa pin is
detected, the count value of the 16-bit counter is stored in the TPOCCRa register, and a capture interrupt request
signal (INTTPOCCa) is generated.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it
generates an overflow interrupt request signal (INTTPOOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TPOOPTO.TPOOVF bit) is also set to 1. Clear the overflow flag to 0 by
executing the CLR instruction by software.

Figure 7-30. Basic Timing in Free-Running Timer Mode (Capture Function)

FFFFH
Dio
Doo Z DMZ D12 Dis /
16-bit counter Doz Z
Doz D
03

0000H

TPOCE bit

TIPOO pin input

TPOCCRO register Doo Dox Doz Dos
INTTPOCCO signal | | i |

TIPO1 pin input —l —l —l —|_
TPOCCR1 register D1o Du D12 D13

INTTPOCCL1 signal —| —| —| —|
INTTPOOV signal —| —| —|

TPOOVF bit

Clearedto O by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction
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Figure 7-31. Register Setting in Free-Running Timer Mode (1/2)

(@) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO

TPOCTLOlO/l‘0‘0‘0‘0‘0/1‘0/1‘0/1'

Select count clock™'®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPOCTL1.TPOEEE bit=1

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO

TPOCTLllO‘O‘O/l‘O‘O‘l‘O‘1|

1,0, 1:
Free-running mode

0: Operate with count
clock selected by
TPOCKSO0 to TPOCKS2 bits
1: Count on external
event count input signal

(c) TMPO I/O control register 0 (TPOIOCO)

TPOOL1 TPOOE1l TPOOLO TPOOEO

TPOIOCOlO‘0‘0‘0‘0/1‘0/1‘0/1‘0/1'

0: Disable TOPOO pin output
1: Enable TOPOQO pin output

Setting of output level with
operation of TOPOO pin disabled
0: Low level

1: High level

0: Disable TOPO1 pin output
1: Enable TOPO1 pin output

Setting of output level with
operation of TOPO1 pin disabled
0: Low level

1: High level
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Figure 7-31. Register Setting in Free-Running Timer Mode (2/2)

(d) TMPO I/O control register 1 (TPOIOC1)
TPOIS3 TPOIS2 TPOIS1 TPOISO
tooct| o | o | o [ o | on [ on | on | on |
Select valid edge
of TIPOO pin input
Select valid edge
of TIPO1 pin input
(e) TMPO I/O control register 2 (TPOIOC2)
TPOEES1 TPOEESO TPOETS1 TPOETSO
toioc2 [ o | o | o | o | on [ or | o | o |
Select valid edge of
external event count input
(f) TMPO option register 0 (TPOOPTO)
TPOCCS1 TPOCCSO0 TPOOVF
toopTo| o | o | om | on | o | o | o | o1 |
L Overflow flag
Specifies if TPOCCRO
register functions as
capture or compare register
Specifies if TPOCCR1
register functions as
capture or compare register
(g) TMPO counter read buffer register (TPOCNT)
The value of the 16-bit counter can be read by reading the TPOCNT register.
(h) TMPO capture/compare registers 0 and 1 (TPOCCRO and TPOCCR1)

These registers function as capture registers or compare registers depending on the setting of the
TPOOPTO.TPOCCSa bit.

When the registers function as capture registers, they store the count value of the 16-bit counter when
the valid edge input to the TIPOa pin is detected.

When the registers function as compare registers and when Da is set to the TPOCCRa register, the
INTTPOCCa signal is generated when the counter reaches (Da + 1), and the output signal of the
TOPOa pin is inverted.

Remark a=0,1
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(1) Operation flow in free-running timer mode

(&) When using capture/compare register as compare register

Figure 7-32. Software Processing Flow in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH
Doo Doo
. Do1 Do
16-bit counter
Do Do D11 D11 DllZ
0000H
TPOCE bit
TPOCCRO register :X Doo Dox

INTTPOCCO signal —| —| —| —|

TOPOO pin output

TPOCCRL1 register :X D1o Du

INTTPOCCL signal 1 1 1 1 1

TOPO1 pin output

INTTPOOV signal 1 1 1 1

TPOOVF bit

<1> Clearedto O by Clearedto 0 by Cleared to O by <3>
CLR instruction CLR instruction CLR instruction

f ! f

<2> <2> <2>
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Figure 7-32. Software Processing Flow in Free-Running Timer Mode (Compare Function) (2/2)

<1> Count operation start flow

(o)

Register initial setting
TPOCTLO register
(TPOCKSO to TPOCKS?2 bits)
TPOCTL1 register,
TPOIOCO register,
TPOIOC2 register,
TPOOPTO register,
TPOCCRO register,
TPOCCRL1 register

TPOCE bit =1

<2> Overflow flag clear flow

Read TPOOPTO register
(check overflow flag).

TPOOVF bit = 1

Execute instruction to clear
TPOOVF bit (CLR TPOOVF).

Initial setting of these registers
is performed before setting the
TPOCE bit to 1.

The TPOCKSO to TPOCKS?2 bits
can be set at the same time
when counting has been started
(TPOCE bit = 1).

<3> Count operation stop flow

TPOCE bit=0

=

Counter is initialized and
counting is stopped by
clearing TPOCE bit to 0.
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(b) When using capture/compare register as capture register

Figure 7-33. Software Processing Flow in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH

Dio
Doo /] DMZ D12
16-bit counter Do1 Z
Doz

Dos /

0000H

TPOCE bit

TIPOO pin input —| —|

TPOCCRO register 0000 Doo Doz Doz D03X 0000

INTTPOCCO signal —l —l

TIPO1 pin input —l —l —l

TPOCCR1 register 0000 D1o D1 D12 0000

INTTPOCCL1 signal —| —| —|
INTTPOOV signal —| —| —|

TPOOVF bit

Cleared to 0 by Cleared to 0 by

<1> CLR instruction CLR instruction <3>
<2> <2>
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Figure 7-33. Software Processing Flow in Free-Running Timer Mode (Capture Function) (2/2)

<1> Count operation start flow

(o)

Register initial setting Initial setting of these registers
TPOCTLO register is performed before setting the
(TPOCKSO to TPOCKS?2 bits) TPOCE bit to 1.

TPOCTL1 register,
TPOIOCL1 register,
TPOOPTO register

The TPOCKSO0 to TPOCKS2 bits can
TPOCE bit=1 be set at the same time when counting
has been started (TPOCE bit = 1).

<2> Overflow flag clear flow

Read TPOOPTO register
(check overflow flag).

TPOOVF bit = 1

Execute instruction to clear
TPOOVF bit (CLR TPOOVF).

<3> Count operation stop flow

Counter is initialized and
TPOCE bit=0 counting is stopped by

clearing TPOCE bit to 0.
( sTop >
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(2) Operation timing in free-running timer mode

(a) Interval operation with compare register
When 16-bit timer/event counter P is used as an interval timer with the TPOCCRa register used as a
compare register, software processing is necessary for setting a comparison value to generate the next
interrupt request signal each time the INTTPOCCa signal has been detected.

FFFFH

D Doz

Doo10 /] /

16-bit counter D11 Do3Z
Doz D12

Doa
0000H D1
TPOCE bit
TPOCCRO register Doo Do X Doz X Doz X Do4 X Dos

INTTPOCCO signal 1 1 1 1 1

TOPOQO pin output

Interval period Interval period Interval period Interval period Interval period
(Doo + 1) (10000H + (Do2 = Doy (10000H + (10000H +
Dot = Doo) Dos = Doz) Dos = Do)

TPOCCRI1 register D1o X Du X D12 X (DJE] X D14

INTTPOCCL signal 1 1 1 1

TOPO1 pin output

Interval period Interval period Interval period Interval period
(Do + 1) (10000H + (10000H + (10000H +
Du - DlD) D12 - Du) Dis- D12)

252

When performing an interval operation in the free-running timer mode, two intervals can be set with one
channel.

To perform the interval operation, the value of the corresponding TPOCCRa register must be re-set in the
interrupt servicing that is executed when the INTTPOCCa signal is detected.

The set value for re-setting the TPOCCRa register can be calculated by the following expression, where
“Da” is the interval period.

Compare register default value: Da - 1
Value set to compare register second and subsequent time: Previous set value + Da
(If the calculation result is greater than FFFFH, subtract 10000H from the result and set this value to the

register.)

Remark a=0,1
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(b) Pulse width measurement with capture register
When pulse width measurement is performed with the TPOCCRa register used as a capture register,
software processing is necessary for reading the capture register each time the INTTPOCCa signal has
been detected and for calculating an interval.

FFFFH

D Doz

Doo10 /] /

16-bit counter D11 Dan
Doz D12

Dos
0000H D

TPOCE bit

wooss | NN

TPOCCRO register 0000H Doo| Dox Doz Dos Doa

INTTPOCCO signal —l —l —l —l

Pulse interval Pulse interval Pulse interval Pulse interval Pulse interval

(Doo) (10000H +  (Do2 - Doy) (10000H + (10000H +
Dot = Doo) Dos = Doz) Dos = Do3)
TIPO1 pin input
TPOCCR1 register 0000H Dio D1 D12 X Dis
INTTPOCCL1 signal

Pulse interval Pulse interval Pulse interval Pulse interval

(Do) (10000H + (10000H +  (10000H +
Du - Dw) D12 - Du) Dis - D12)
INTTPOOV signal 1 1 1

TPOOVF bit

Clearedto 0 by Clearedto 0by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

When executing pulse width measurement in the free-running timer mode, two pulse widths can be
measured with one channel.

To measure a pulse width, the pulse width can be calculated by reading the value of the TPOCCRa register
in synchronization with the INTTPOCCa signal, and calculating the difference between the read value and
the previously read value.

Remark a=0,1
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(c) Processing of overflow when two capture registers are used
Care must be exercised in processing the overflow flag when two capture registers are used. First, an
example of incorrect processing is shown below.

Example of incorrect processing when two capture registers are used

FFFFH

D11
16-bit counter Df /
Do

0000H

TPOCE bit

TIPOO pin input -| -|

TPOCCRO register Doo Do1

TIPO1 pin input _| _|

TPOCCRL1 register D1o Du

INTTPOOV signal -| -|

TPOOVF bit

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

The following problem may occur when two pulse widths are measured in the free-running timer mode.

<1> Read the TPOCCRO register (setting of the default value of the TIPOO pin input).
<2> Read the TPOCCR1 register (setting of the default value of the TIPO1 pin input).
<3> Read the TPOCCRO register.
Read the overflow flag. If the overflow flag is 1, clear it to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).
<4> Read the TPOCCR1 register.
Read the overflow flag. Because the flag is cleared in <3>, 0 is read.
Because the overflow flag is 0, the pulse width can be calculated by (D11 - D1o) (incorrect).

When two capture registers are used, and if the overflow flag is cleared to 0 by one capture register, the
other capture register may not obtain the correct pulse width.
Use software when using two capture registers. An example of how to use software is shown below.
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(1/2)

Note The TPOOVFO and TPOOVF1 flags are set on the internal RAM by software.

<1>
<2>

<3>

<4>

<5>

<6>

Example when two capture registers are used (using overflow interrupt)

FFFFH

Du1
16-bit counter Df /
Do1

0000H

TPOCE bit

INTTPOOV signal

TPOOVF bit —| —|

TPOOVFO flagh®*®

TIPOO pin input

TPOCCRO register Doo Doz

TPOOVF1 flag"°*®

TIPO1 pin input

TPOCCRL1 register D1o D11

<1> <2> <3> <4> <5> <6>

Read the TPOCCRO register (setting of the default value of the TIPOO pin input).

Read the TPOCCRL1 register (setting of the default value of the TIPO1 pin input).

An overflow occurs. Set the TPOOVFO and TPOOVF1 flags to 1 in the overflow interrupt servicing,
and clear the overflow flag to O.

Read the TPOCCRO register.

Read the TPOOVFO flag. If the TPOOVFO flag is 1, clear it to 0.

Because the TPOOVFO flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).

Read the TPOCCR1 register.

Read the TPOOVF1 flag. If the TPOOVF1 flag is 1, clear it to O (the TPOOVFO flag is cleared in
<4>, and the TPOOVF1 flag remains 1).

Because the TPOOVF1 flag is 1, the pulse width can be calculated by (10000H + Di1 — Dzio)
(correct).

Same as <3>
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/2)

Not
<1>
<2>

<3>

<4>

<5>

<6>

Example when two capture registers are used (without using overflow interrupt)

FFFFH

D11
. Do
16-bit counter /
Dox

Doo
0000H

TPOCE bit

INTTPOOV signal -| -|

TPOOVF bit

TPOOVFO flagh®*®

TIPOO pin input

TPOCCRO register Doo Doz

TPOOVF1 flagh*®

TIPO1 pin input

TPOCCRL1 register D1o Du

<1> <2> <3> <4> <5> <6>

e The TPOOVFO and TPOOVF1 flags are set on the internal RAM by software.

Read the TPOCCRO register (setting of the default value of the TIPOO pin input).

Read the TPOCCRL1 register (setting of the default value of the TIPO1 pin input).

An overflow occurs. Nothing is done by software.

Read the TPOCCRO register.

Read the overflow flag. If the overflow flag is 1, set only the TPOOVF1 flag to 1, and clear the
overflow flag to 0.

Because the overflow flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).

Read the TPOCCR1 register.

Read the overflow flag. Because the overflow flag is cleared in <4>, 0 is read.

Read the TPOOVFL1 flag. If the TPOOVF1 flag is 1, clear it to O.

Because the TPOOVF1 flag is 1, the pulse width can be calculated by (10000H + Di1 — Dao)
(correct).

Same as <3>
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(d) Processing of overflow if capture trigger interval is long

If the pulse width is greater than one cycle of the 16-bit counter, care must be exercised because an

overflow may occur more than once from the first capture trigger to the next. First, an example of incorrect

processing is shown below.

The following problem may occur when long pulse width is measured in the free-running timer mode.

<1>
<2>
<3>

<4>

Example of incorrect processing when capture trigger interval is long

FFFFH

16-bit counter

0000H

TPOCE bit

TIPOa pin input

TPOCCRa register

INTTPOOV signal

TPOOVF bit

Dao
Dﬂ/
Dao Da1
1 cycle of 16-bit counter
Pulse width
<1> <2> <3> <4>

Read the TPOCCRa register (setting of the default value of the TIPOa pin input).
An overflow occurs. Nothing is done by software.
An overflow occurs a second time. Nothing is done by software.

Read the TPOCCRa register.

Read the overflow flag. If the overflow flag is 1, clear it to O.

Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dai — Dao)

(incorrect).

Actually, the pulse width must be (20000H + Da1 - Dao) because an overflow occurs twice.

If an overflow occurs twice or more when the capture trigger interval is long, the correct pulse width may

not

be obtained.

If the capture trigger interval is long, slow the count clock to lengthen one cycle of the 16-bit counter, or

use software. An example of how to use software is shown next.
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Example when capture trigger interval is long

FFFFH o

16-bit counter

Dal/
0000H

TPOCE bit

TIPOa pin input

TPOCCRa register Dao Da1
INTTPOOV signal -| -|
TPOOVF bit —| —|
Overflow OH X 1H XZH X OH
counter

1 cycle of 16-bit counter

Pulse width

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

Note The overflow counter is set arbitrarily by software on the internal RAM.

<1> Read the TPOCCRa register (setting of the default value of the TIPOa pin input).
<2> An overflow occurs. Increment the overflow counter and clear the overflow flag to 0 in the overflow
interrupt servicing.
<3> An overflow occurs a second time. Increment (+1) the overflow counter and clear the overflow flag
to 0 in the overflow interrupt servicing.
<4> Read the TPOCCRa register.
Read the overflow counter.
- When the overflow counter is “N”, the pulse width can be calculated by (N x 10000H + Da1 -
DaO).
In this example, the pulse width is (20000H + Da1 — Dao) because an overflow occurs twice.
Clear the overflow counter (OH).
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(e) Clearing overflow flag

The overflow flag can be cleared to 0 by clearing the TPOOVF bit to O with the CLR instruction and by
writing 8-bit data (bit O is 0) to the TPOOPTO register. To accurately detect an overflow, read the TPOOVF
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) (iii) Operation to clear to 0 (without conflict with setting)
Overflow Overflow
setsignal - set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TPOOVF bit) \ access signal Read Write
Overflow flag —\—
(TPOOVF bit)

(i) Operation to write O (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 -
(TPOOVF bit) \ access signal Read | | Write

Overflow flag  H
(TPOOVF bit)

To clear the overflow flag to O, read the overflow flag to check if it is set to 1, and clear it with the CLR
instruction. If 0 is written to the overflow flag without checking if the flag is 1, the set information of
overflow may be erased by writing O ((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.

User's Manual U16891EJ1VOUD 259



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

7.5.7 Pulse width measurement mode (TPOMD2 to TPOMDO bits = 110)

In the pulse width measurement mode, 16-bit timer/event counter P starts counting when the TPOCTLO.TPOCE bit
is set to 1. Each time the valid edge input to the TIPOa pin has been detected, the count value of the 16-bit counter is
stored in the TPOCCRa register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TPOCCRa register after a capture interrupt request
signal (INTTPOCCa) occurs.

Select either the TIPOO or TIPO1 pin as the capture trigger input pin. Specify “No edge detected” by using the
TPOIOC1 register for the unused pins.

When an external clock is used as the count clock, measure the pulse width of the TIPO1 pin because the external
clock is fixed to the TIPOO pin. At this time, clear the TPOIOC1.TPOIS1 and TPOIOC1.TPOISO bits to 00 (capture
trigger input (TIPOO pin): No edge detected).

Figure 7-34. Configuration in Pulse Width Measurement Mode

Clear
Internal count clock —| Count ]
clock | . .
| . 16-bit counter INTTPOOV signal
; Edge selection
TIPOO pin (
(external detector
event count INTTPOCCO signal

. TPOCE bit
input/capture —
trigger input) Dgtal | | Egge +—~ INTTPOCCL signal

noise

o detector

eliminator
TPOCCRO register
Digital (capture)
TIPO1 pin ©— noise [~{ Edoe
(capture eliminator| [detector
trigger input) TPOCCRI register
(capture)

Remark a=0,1
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Figure 7-35. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPOCE bit

TIPOa pin input k \

TPOCCRa register 0000H Do D1 D2 D3

INTTPOCCa signal _| —l _| —l

INTTPOOV signal

Cleared to 0 by
TPOOVF bit CLR instruction

Remark a=0,1

When the TPOCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIPOa pin is
later detected, the count value of the 16-bit counter is stored in the TPOCCRa register, the 16-bit counter is cleared to
0000H, and a capture interrupt request signal (INTTPOCCa) is generated.

The pulse width is calculated as follows.

First pulse width = (Do + 1) x Count clock cycle
Second and subsequent pulse width = (Dn — Dn - 1) X Count clock cycle

If the valid edge is not input to the TIPOa pin even when the 16-bit counter counted up to FFFFH, an overflow
interrupt request signal (INTTPOQV) is generated at the next count clock, and the counter is cleared to 0000H and
continues counting. At this time, the overflow flag (TPOOPTO.TPOOVF 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.

First pulse width = (Do + 10001H) x Count clock cycle
Second pulse width and on = (10000H + Dn - Dn - 1) x Count clock cycle

Remark a=0,1
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Figure 7-36. Register Setting in Pulse Width Measurement Mode (1/2)

(@) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO

TPOCTLOlO/l‘0‘0‘0‘0‘0/1‘0/1‘0/1'

Select count clock™°*®

0: Stop counting
1: Enable counting

Note Setting is invalid when the TPOEEE bit = 1.

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO

TPOCTL1 | 0 ‘ 0 ‘ 0/1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0 |

1,1,0:
Pulse width measurement mode

0: Operate with count
clock selected by
TPOCKSO0 to TPOCKS2 bits
1: Count external event
count input signal

(c) TMPO I/O control register 1 (TPOIOC1)

TPOIS3 TPOIS2 TPOIS1 TPOISO

TPOIOCllO‘0‘0‘0‘0/1‘0/1‘0/1‘0/1'

T T
Select valid edge

of TIPOO pin input

Select valid edge
of TIPO1 pin input

(d) TMPO I/O control register 2 (TPOIOC?2)

TPOEES1 TPOEESO TPOETS1 TPOETSO

TPOIOC2|O‘0‘O‘0‘0/1‘O/1‘0‘0|

Select valid edge of
external event count input
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Figure 7-36. Register Setting in Pulse Width Measurement Mode (2/2)

(e) TMPO option register 0 (TPOOPTO)

TPOCCS1 TPOCCSO TPOOVF
TPOOPTOlO‘O‘O‘O‘O‘O‘O‘O/ll

L

Overflow flag

(f) TMPO counter read buffer register (TPOCNT)
The value of the 16-bit counter can be read by reading the TPOCNT register.

(g) TMPO capture/compare registers 0 and 1 (TPOCCRO and TPOCCR1)
These registers store the count value of the 16-bit counter when the valid edge input to the TIPOa pin is
detected.

Remarks 1. TMPO I/O control register 0 (TPOIOCO) is not used in the pulse width measurement mode.
2.a=0,1
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(1) Operation flow in pulse width measurement mode

Figure 7-37. Software Processing Flow in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPOCE bit

TIPOO pin input

TPOCCRO register

0000H

INTTPOCCO signal

<1> Count operation start flow

<1>

C START

)

Register initial setting
TPOCTLO register

TPOCTLL1 register,
TPOIOCL1 register,
TPOIOC2 register,
TPOOPTO register

(TPOCKSO to TPOCKS2 bits),

Set TPOCTLO register
(TPOCE hit = 1)

<2> Count operation stop flow

TPOCE bit=0

C STOP

<2>

Initial setting of these registers
is performed before setting the
TPOCE bit to 1.

The TPOCKSO0 to TPOCKS2 bits can
be set at the same time when counting
has been started (TPOCE bit = 1).

The counter is initialized and counting
is stopped by clearing the TPOCE bit to 0.
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(2) Operation timing in pulse width measurement mode

(@) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TPOOVF bit to 0 with the CLR instruction and by
writing 8-bit data (bit O is 0) to the TPOOPTO register. To accurately detect an overflow, read the TPOOVF
bit when it is 1, and then clear the overflow flag by using a bit manipulation instruction.

(i) Operation to write O (without conflict with setting) (iii) Operation to clear to 0 (without conflict with setting)
Overflow Overflow
set signal L set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TPOOVF bit) \ access signal Read Write
Overflow flag —\—
(TPOOVF hit)

(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 -
(TPOOVF bit) \ access signal Read Write

Overflow flag
(TPOOVF bit)

To clear the overflow flag to O, 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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7.5.8 Timer output operations

The following table shows the operations and output levels of the TOP0O and TOPOL1 pins.

Table 7-4. Timer Output Control in Each Mode

Operation Mode

TOPO1 Pin

TOPOQO Pin

Interval timer mode

Square wave output

External event count mode

Square wave output

External trigger pulse output mode

External trigger pulse output

Square wave output

One-shot pulse output mode

One-shot pulse output

PWM output mode

PWM output

Free-running timer mode

Square wave output (only when compare function is used)

Pulse width measurement mode

Table 7-5. Truth Table of TOP00 and TOPO1 Pins Under Control of Timer Output Control Bits

TPOIOCO.TPOOLa Bit

TPOIOCO.TPOOEa Bit

TPOCTLO.TPOCE Bit

Level of TOPOa Pin

0 0 X Low-level output
1 0 Low-level output
1 Low level immediately before counting, high
level after counting is started
1 0 X High-level output
1 0 High-level output
1 High level immediately before counting, low level

after counting is started

Remark a=0,1
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7.6 Eliminating Noise on Capture Trigger Input Pin (TIP0a)

The TIPOa pin has a digital noise eliminator.

However, this circuit is valid only when the pin is used as a capture trigger input pin; it is invalid when the pin is
used as an external event count input pin or external trigger input pin.

Digital noise can be eliminated by specifying the alternate function of the TIPOa pin using the PMC3, PFC3, and
PFCES3 registers.

The number of times of sampling can be selected from three or two by using the PaNFC.PaNFSTS bit. The
sampling clock can be selected from fxx, fxx/2, fxx/4, fxx/16, fxx/32, or fxx/64, by using the PaNFC.PaNFC2 to
PaNFC.PaNFCO bits.

(1) TIPOa noise elimination control register (PaNFC)
This register is used to select the sampling clock and the number of times of sampling for eliminating digital
noise.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

After reset: O0H R/IW Address: PONFC FFFFFBOOH, PINFC FFFFFB0O4H

7 6 5 4 3 2 1 0
PaNFC | 0 |PaNFSTS| 0 | 0 | 0 | PaNFC2 | PaNFC1 | PaNFCO |
(a=0,1)
PaNFSTS Setting of number of times of sampling for eliminating digital noise
0 Number of times of sampling = 3
1 Number of times of sampling = 2
PaNFC2 | PaNFC1 | PaNFCO Sampling clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/16
1 0 0 fxx/32
1 0 1 fxx/64
Other than above Setting prohibited

Cautions 1. Enable starting the 16-bit counter of TMPO (TPOCTL.TPOCE bit = 1) after the lapse of the
sampling clock period x number of times of sampling.
2. Besureto clear bits 7,5to 3to 0.
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<Setting procedure>
<1> Select the number of times of sampling and the sampling clock by using the PaNFC register.
<2> Select the alternate function (of the TIPOa pin) by using the PMC3, PFC3, and PFCE3 registers.
<3> Set the operating mode of TMPO (such as the capture mode or the valid edge of the capture trigger).
<4> Enable the TMPO count operation.

<Noise elimination width>
The digital noise elimination width (twtira) is as follows, where T is the sampling clock period and M is the
number of times of sampling.

e twripa < (M - 1)T: Accurately eliminated as noise
e (M-1T<twmnpa< MT: Eliminated as noise or detected as valid edge

e twripa = MT: Accurately detected as valid edge

Therefore, a pulse width of MT or longer must be input so that the valid edge of the capture trigger input can be
accurately detected.
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7.7 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 TPOCCRn register if the capture trigger is input immediately after the TPOCE bit is set to 1.

(@) Free-running timer mode

FEEFFH
FEER

16-bit counter

))

0000H

Count clock

Sampling clock

TPOCCRO register ~ 0000H >< FFFFH >< 0001H

TPOCE bit | E
TIPOO pin input | |

Capture
trigger input

(b) Pulse width measurement mode

FFFFH

[ (

16-bit counter

Capture
trigger input

0000H

Count clock

Sampling clock

T

TPOCCRO register  0000H >< FFFFH >< 0002H

TPOCE bit | 5
TIPOO pin input | |

N

A
Capture
trigger input

A
Capture
trigger input
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In the VB50ES/KF1, two channels of 16-bit timer/event counter O are provided.

8.1 Functions

16-bit timer/event counter On has the following functions (n = 0, 1).

(1) Interval timer
Generates an interrupt at predetermined time intervals.

(2) PPG output
Can output a rectangular wave with any frequency and any output pulse width.

(3) Pulse width measurement
Can measure the pulse width of a signal input from an external source.

(4) External event counter
Can measure the pulse width of a signal input from an external source.

(5) Square-wave output
Can output a square wave of any frequency.

(6) One-shot pulse output
Can output a one-shot pulse with any output pulse width.
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8.2 Configuration

16-bit timer/event counter On consists of the following hardware.

Table 8-1. Configuration of 16-Bit Timer/Event Counter On

Item Configuration
Timer/counters 16-bit timer counter On x 1 (TMOn)
Registers 16-bit timer capture/compare register: 16 bits x 2 (CROn0O, CROn1)
Timer inputs 2 (TIONO, TION1 pins)
Timer outputs 1 (TOON pin), output controller

Note

Control registers 16-bit timer mode control register On (TMCOn)
Capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCOnN)

Prescaler mode register On (PRMOnN)

Note To use the TIOnO, TIOn1, and TOON pin functions, refer to Table 4-14 Settings When Port Pins Are Used for
Alternate Functions.

Remark n=0,1
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The block diagram is shown below.

Figure 8-1. Block Diagram of 16-Bit Timer/Event Counter On

2 Internal bus 2

Capture/compare control
register On (CRCOn)

INTTMONO

|Select0r|

s .

3 16-bit timer capture/compare
TIOn1 ©—— 2 ’ P
[%2)

register On0 (CRONO)

N\
Match
16-bit timer counter On ECIegl
(TMOnN) Output

controller ~©TO0n

Noise
eliminator|

Count clock™*®

@ % Match
fxx/d—=]-2
=z E 2
o)
S
] 16-bit timer capture/compare
R o .
TIono © 2 £ register On1 (CROn1)
D

INTTMON1

Selectorl

CRCON2  —
PRVORLPRNOR) [rconaiTmicor2Thicont/OvFon|  |oseTon]0spEdn ToCOM|LVSOn |LVRON [TOCONL TOEON|
Prescaler mode 16—tt)it Itimel_’ rtno%e Tim_er output control
register On (PRMOnN) ((:_?&Eoor:;egm e register On (TOCOnN)
8 Internal bus 8

Note Set by the PRMOn register.

Remarks 1. n=0,1
2. fxx: Main clock frequency
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(1) 16-bit timer counter On (TMOn)
The TMOn register is a 16-bit read-only register that counts count pulses. The counter is incremented in
synchronization with the rising edge of the input clock.

After reset: 0000H R Address: TMOO FFFFF600H, TMO1 FFFFF610H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LLVCL I [ A I O N
(n=0,1)

The count value is reset to 0000H in the following cases.

<1> Reset

<2> |If the TMCONn.TMCONn3 and TMCONn.TMCOn2 bits are cleared (0)

<3> |If the valid edge of the TIOnO pin is input in the mode in which clear & start occurs when inputting the
valid edge of the TIOnO pin

<4> |f the TMOn register and the CRONO register match each other in the mode in which clear & start occurs
on a match between the TMOn register and the CRONO register

<5> |f the TOCONn.OSPTON bit is set (1) in the one-shot pulse output mode

Remark n=0,1

(2) 16-bit timer capture/compare register On0 (CRONO)
The CRONO register is a 16-bit register that combines capture register and compare register functions.
The CRCONn.CRCONO bit is used to set whether to use the CRONO register as a capture register or as a
compare register.
The CRONO register can be read or written in 16-bit units.
After reset, this register is cleared to 0000H.

After reset: 0000H R/W Address: CR000 FFFFF602H, CR010 FFFFF612H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
croro | | | | [ L [ L[]
(n=0,1)
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(&) When using the CRONO register as a compare register

The value set to the CRONO register and the count value set to the TMOn register are always compared

and when these values match, an interrupt request signal (INTTMONO) is generated. The values are

retained until rewritten.

(b)

When using the CRONO register as a capture register

The TMOn register count value is captured to the CRONO register by inputting a capture trigger.

The valid edge of the TIOnO pin or TIONn1 pin can be selected as the capture trigger. The valid edge of the
TIONO pin is set with the PRMON.ESn01 and PRMON.ESn00 bits. The valid edge of the TIOn1 pin is set
with the PRMONn.ESn11 and PRMON.ESn10 bits.

Table 8-2 shows the settings when the valid edge of the TIONnO pin is specified as the capture trigger, and

Table 8-3 shows the settings when the valid edge of the TIOn1 is specified as the capture trigger.

Table 8-2. Capture Trigger of CROn0 Register and Valid Edge of TIOnO Pin

Capture Trigger of CRONO Valid Edge of TIOnO Pin
ESn0O1 ESn00
Falling edge Rising edge 0 1
Rising edge Falling edge 0 0
No capture operation Both rising and falling edges 1 1
Remarks 1. n=0,1
2. Setting the ESn01 and ESn0O bits to 10 is prohibited.
Table 8-3. Capture Trigger of CROn0 Register and Valid Edge of TIOn1 Pin
Capture Trigger of CRONO Valid Edge of TIOn1 Pin
ESnl11l ESn10
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. n=0,1

2. Setting the ESn11 and ESn10 bits to 10 is prohibited.

Cautions 1.

274

Set a value other than 0000H to the CRONO register in the mode in which clear & start
occurs upon a match of the values of the TMOn register and CRONnO register.
However, if 0000H is set to the CRONO register in the free-running timer mode or the
TIONO pin valid edge clear & start mode, an interrupt request signal (INTTMONO) is
generated when the value changes from 0000H to 0001H after an overflow (FFFFH).

. When the P33 and P35 pins are used as the valid edges of TIO0O0 and TIO10, they

cannot be used as timer outputs (TO00, TO01). Moreover, when used as TO00 and
TOO01, these pins cannot be used as the valid edge of TIO00 and TI010.

If, when the CRONO register is used as a capture register, the register read interval
and capture trigger input conflict, the read data becomes undefined (but the capture
data itself is normal). Moreover, when the count stop input and capture trigger input
conflict, the capture data becomes undefined.

The CRONO register cannot be rewritten during timer count operation.
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(3) 16-bit timer capture/compare register On1 (CRON1)
The CRON1 register is a 16-bit register that combines capture register and compare register functions. The
CRCONn.CRCON2 bit is used to set whether to use the CRON1 register as a capture register or as a compare
register.
The CRON1 register can be read or written in 16-bit units.
After reset, this register is cleared to 0000H.

After reset: 0000H R/W Address: CR001 FFFFF604H, CR011 FFFFF614H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
e | | | [ [ PP
(n=0,1)

(@) When using the CROn1 register as a compare register
The value set to the CRON1 register and the count value of the TMOn register are always compared and
when these values match, an interrupt request signal (INTTMON1) is generated.

(b) When using the CROn1 register as a capture register
The TMOn register count value is captured to the CRONn1 register by inputting a capture trigger.
The valid edge of the TIONO pin can be selected as the capture trigger. The valid edge of the TIOnO pin is
set with the PRMONn.ESn01 and PRMON.ESn00 bits.
Table 8-4 shows the settings when the valid edge of the TIOnO pin is specified as the capture trigger.

Table 8-4. Capture Trigger of CROn1 Register and Valid Edge of TIOnO Pin

Capture Trigger of CROn1 Valid Edge of TIOnO Pin
ESn01 ESn00
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. n=0, 1
2. Setting the ESn01 and ESn0O bits to 10 is prohibited.

Cautions 1. If 0000H is set to the CROn1 register, an interrupt request signal (INTTMOnl) is
generated after overflow of the TMOn register, after clear & start on a match between
the TMOn register and CRONO register, after clear by the valid edge of the TIOnO pin,
or after clear by a one-shot pulse output trigger.

2. When the P33 and P35 pins are used as the valid edges of TIO0O0 and TI010, they
cannot be used as timer outputs (TO00, TO01). Moreover, when used as TO00 and
TOO01, these pins cannot be used as the valid edges of TI000 and TI010.

3. If, when the CRONn1 register is used as a capture register, the register read interval
and capture trigger input conflict, the read data becomes undefined (but the capture
data itself is normal). Moreover, when the count stop input and capture trigger input
conflict, the capture data becomes undefined.

4. The CRON1 register can be rewritten during TMOn register operation only in the PPG
output mode. Refer to 8.4.2 PPG output operation.
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8.3 Registers
The registers that control 16-bit timer/event counter On are as follows.

» 16-bit timer mode control register On (TMCOn)
» Capture/compare control register On (CRCOn)
» 16-bit timer output control register On (TOCOn)
» Prescaler mode register On (PRMOn)

Remark To use the TIONnO, TIOn1, and TOON pin functions, refer to Table 4-14 Settings When Port Pins Are
Used for Alternate Functions.

(1) 16-bit timer mode control register On (TMCOn)
The TMCOn register is used to set the operation mode of 16-bit timer/event counter On, the clear mode of the
TMOn register, and the output timing, and to detect overflow.
The TMCOn register can be read or written in 8-bit or 1-bit units.
After reset, this register is cleared to O0H.

Cautions 1. 16-bit timer/event counter On starts operating when a value other than 00 (operation stop
mode) is set to the TMCOn.TMCONn3 and TMCOn.TMCOn2 bits. To stop the operation, set
00 to the TMCONn3 and TMCON2 bits.
2. When the main clock is stopped and the CPU operates on the subclock, do not access
the TMCOn register using an access method that causes a wait.
For details, refer to 3.4.8 (2).

Remark n=0,1
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Cautions 1.
2.
3.

Remark TOOnN:
TIONO:
TMOn:
CRONO:
CRON1:

After reset: O0H R/W Address: TMC00 FFFFF606H, TMCO1 FFFFF616H
7 6 5 4 3 2 1 <0>
™con [ o | o | o | o [7mcons|Tmcon2 fiucont*e| ovron |
(n=0,1)
TMCOn3|TMCON2|TNCtnt"|  Selection of Selection of TOON Generation of
operation mode  |output inverse timing interrupt
and clear mode
0 0 0 | Operation stop Unchanged Not generated
(TMOnN cleared to 0)
0 1 0 | Free-running timer | Match of TMOn and | Generated upon
mode CRONO or match of |match of TMOn and
TMOn and CROn1 | CRONO and match
1 0 0 | Clear & start with - of TMOn and CRON1
valid edge of TIONO
1 1 0 |Clear & start upon | Match of TMOn and
match of TMOn and | CRONO or match of
CRONO TMOn and CRONn1
Other than above | Setting prohibited

OVFOn Detection of overflow of 16-bit timer register On
0 No overflow
1 Overflow

Note Be sure to clear the TMCON1 bit to 0.

Write to bits other than the OVFOn flag after stopping the timer operation.
The valid edge of the TIOnO pin is set by the PRMOn register.

When the mode in which the timer is cleared and started upon match of TMOn and
CRONO is selected, the setting value of CROnO is FFFFH, and when the value of TMOn

changes from FFFFH to 0000H, the OVFOn flag is set to 1.

16-bit timer counter On

Output pin of 16-bit timer/event counter On
Input pin of 16-bit timer/event counter On

16-bit timer capture/compare register On0
16-bit timer capture/compare register Onl

The following shows the I/O configuration of each channel and the selection of the TOOn output inversion timing

(setting of the TMCONL1 bit).

Table 8-5. 1/0 Configuration of Each Channel

Channel Output Pin Input Pin 1/0 Pin Setting of TMCON1 Bit
TMO00 - TIOO01 TI000/TO00 Always clear to O.
TMO1 - TI011 TI010/TO01 Always clear to 0.

User's Manual U16891EJ1VOUD




CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

(2) Capture/compare control register On (CRCOn)
The CRCOn register controls the operation of the CROn0 and CROnN1 registers.

The CRCOn register can be

read or written in 8-bit or 1-bit units.

After reset, CRCOn is cleared to O0H.

After reset: 00H

R/W Address: CRCO0 FFFFF608H, CRCO1 FFFFF618H

7 6 5 4 3 2 1 0
crRcon | 0 0 0 0 0 | crconz | crcont | CRCono |
(n=0,1)
CRCONn2 Selection of operation mode of CRON1 register
0 Operation as compare register
1 Operation as capture register
CRCONn1 Selection of capture trigger of CRONO register
0 Capture at valid edge of TIOn1 pin
1 Capture at inverse phase of valid edge of TIOnO pin
CRCON0O Selection of operation mode of CRONO register
0 Operation as compare register
1 Operation as capture register

Cautions 1. Before setting the CRCOn register, be sure to stop the timer operation.

2. When the mode in which the timer is cleared and started upon match of the TMOn
register and CRONO register is selected by the TMCOn register, do not specify the

CRONO register as the capture register.

3. When both the rising and falling edges are specified for the TIOnO pin valid edge,

capture operation is not performed.

4. To ensure reliable capture operation, a pulse longer than two cycles of the count

clock selected by the PRMOn register is required.
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(3) 16-bit timer output control register On (TOCOnN)
The TOCON register controls the operation of the 16-bit timer/event counter On output controller by setting or

resetting the timer output F/F, enabling or disabling inverse output, enabling or disabling the timer of 16-bit

timer/event counter On, enabling or disabling the one-shot pulse output operation, and selecting an output

trigger for a one-shot pulse

by software.

The TOCON register can be read or written in 8-bit or 1-bit units.
After reset, TOCOn is cleared to O0H.

(2/2)
After reset: 00H R/W Address: TOCO00 FFFFF609H, TOCO1 FFFFF619H
<6> <5> 4 <3> <2> 1 <0>
Tocon | 0 |ospron|ospeon*!| ToCON4 | LvSon | LvRon | TOCONL | TOEON |
(n=0,1)

OSPTON"e Output trigger for one-shot pulse by software
0 -
1 One-shot pulse output

OSPEQn"*e* Control of one-shot pulse output operation
0 Successive pulse output
1 One-shot pulse outputM**®2

TOCON4 | Control of timer output F/F upon match of CRONn1 register and TMOn register
0 Inversion operation disabled
1 Inversion operation enabled

LVSOn | LVROn Setting of status of timer output F/F

0 0 Unchanged
0 1 Reset timer output F/F (0)
1 0 Set timer output F/F (1)
1 1 Setting prohibited

TOCON1 | Control of timer output F/F upon match of CRONO register and TMOn register
0 Inversion operation disabled
1 Inversion operation enabled

TOEON Control of timer output
0 Output disabled (output is fixed to low level)
1 Output enabled
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(2/2)

Notes 1. These bits are the alternate-function pins of the timer 1/O pins, so only a software trigger is valid
for one-shot pulse output. Clear the TMCOn.TMCOn1 bit to 0.
2. The one-shot pulse output operates normally only in the free-running timer mode. In the mode
in which clear & start occurs on match between the TMOn register and the CRONO register, one-
shot pulse output is not performed because no overflow occurs.

Cautions 1. Be sure to stop the timer operation before setting other than the TOCOn4 bit.

2. The LVSOn and LVROn bits are 0 when read.

3. The OSPTOnN bit is 0 when read because it is automatically cleared after data has been
set.

4. Do not set the OSPTOn bit to 1 other than for one-shot pulse output.

5. When performing successive writes to the OSPTOn bit, place an interval between
writes of two or more cycles of the count clock selected by the PRMOn register.

6. Do not set the LVSOn bit to 1 before setting the TOEON bit.
Do not set the LVSOn bit and TOEON bit to 1 at the same time.

7. Do not set <1> and <2> below at the same time. Set as follows.
<1> Set the TOCOn1, TOCONn4, TOEON, and OSPEON bits: Setting of timer output

operation

<2> Set the LVSOn and LVROnN bits: Setting of timer output F/F
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(4) Prescaler mode register On (PRMON)
The PRMOnN register sets the count clock of the TMOn register and the valid edge of the TIOnO and TIOn1 pin
inputs.
The PRMOn register can be read or written in 8-bit or 1-bit units.
After reset, PRMOn is cleared to O0H.

Cautions 1. When setting the count clock to the TIOnO pin valid edge, do not set the mode in which
clear & start occurs on TIOnO pin valid edge and do not set the TIOnO pin as the capture
trigger.

2. Before setting the PRMOn register, be sure to stop the timer operation.

3. If 16-bit timer/event counter On operation is enabled by specifying the rising edge of both
edges for the valid edge of the TIOnO pin or TIOn1 pin while the TIONO pin or TION1 pin is
high level immediately after system reset, the rising edge is detected immediately after
the rising edge or both edges is specified. Be careful when pulling up the TIOnO pin or
TIOn1 pin. However, the rising edge is not detected when operation is enabled after it
has been stopped.

4. When the P33 and P35 pins are used as the valid edges of TI000 and TI010, they cannot
be used as timer outputs (TO00, TO01). Moreover, when used as TO00 and TOO01, these
pins cannot be used as the valid edges of TIO00 and TI010.
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(a) Prescaler mode register 00 (PRMO00)

After reset: 00H R/IW Address: FFFFF607H

7 6 5 4 3 2 1 0
PRMOO | ESO11 | ES010 | ES001 | ES000 | 0 | 0 |PRMOOL | PRMOOO |
ES011 ES010 Selection of valid edge of TI0O01
0 0 Falling edge
0 1 Rising edge
1 (0] Setting prohibited
1 1 Both rising and falling edges

ES001 ES000 Selection of valid edge of TIO00
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
PRMO001 | PRMO0O Selection of count clock™*®*
Count clock fxx
20 MHz 16 MHz | 10 MHz
0 0 fxx/2 100 ns 125 ns 200 ns
0 1 fxx/4 200 ns 250 ns 400 ns
1 0 fxx/8 400 ns 500 ns 800 ns
1 1 Valid edge of TIO00"*'® - - -

Notes 1. When the internal clock is selected, set so as to satisfy the following conditions.
REGC = Vob = 4.0 to 5.5 V: Count clock < 10 MHz
REGC = Capacity, Vop = 4.0 to 5.5 V: Count clock <5 MHz
REGC = Vop = 2.7 t0 4.0 V: Count clock <5 MHz
2. The external clock requires a pulse longer than two cycles of the internal clock (fxx/4).

Remark fxx: Main clock frequency
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(b) Prescaler mode register 01 (PRMO01)

After reset: 00H R/IW Address: FFFFF617H

7 6 5 4 3 2 1 0
PRMO1 | Es111 | Es110 | Es101 | Es100 | 0 | o |PRMo11|PRMOI10|
ES111 ES110 Selection of valid edge of TI0O11
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges

ES101 ES100 Selection of valid edge of TI0O10
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
PRM011 | PRMO010 Selection of count clock"**®*
Count clock fxx
20 MHz 16 MHz 10 MHz
0 0 fxx [S)rec}ﬂi%gllted S%ﬂ%?ted 100 ns
0 1 fxx/4 200 ns 250 ns 400 ns
1 0 INTWT - - -
1 1 Valid edge of TI010"'? - - -

Notes 1. When the internal clock is selected, set so as to satisfy the following conditions.
REGC = Vop = 4.0 to 5.5 V: Count clock < 10 MHz
REGC = Capacity, Vop = 4.0 to 5.5 V: Count clock < 5 MHz
REGC = Vpob = 2.7 t0 4.0 V: Count clock <5 MHz
2. The external clock requires a pulse longer than two cycles of the internal clock (fxx/4).

Remark fxx: Main clock frequency
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8.4 Operation

8.4.1 Operation as interval timer
16-bit timer/event counter On can be made to operate as an interval timer by setting the TMCOn register and the
CRCOnN register as shown in Figure 8-2.

Setting procedure

The basic operation setting procedure is as follows.

<1> Set the count clock using the PRMOn register.

<2> Set the CRCOn register (refer to Figure 8-2 for the setting value).

<3> Set any value to the CRONO register.

<4> Set the TMCOn register: Start operation (refer to Figure 8-2 for the setting value).

Caution The CRONO register cannot be rewritten during 16-bit timer/event counter On operation.

Remarks 1. For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins Are Used for
Alternate Functions.
2. For INTTMONO interrupt enable, refer to CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING
FUNCTION.

The interval timer repeatedly generates interrupts at the interval of the preset count value in the CRONO register.

If the count value in the TMOn register matches the value set in the CRONO register, an interrupt request signal
(INTTMONO) is generated at the same time that the value of the TMOn register is cleared to 0000H and counting is
continued.

The count clock of 16-bit timer/event counter On can be selected with the PRMOn.PRMOn0 and PRMOn.PRMOn1
bits.

Remark n=0,1
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Figure 8-2. Control Register Setting Contents During Interval Timer Operation

(@) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOnl OVFOn

T™™COn [ 0 0 0 0 1 1 0 o |
Clears & starts upon match
between TMOn and CRONO

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOnl CRCONO

Crcon [ 0 0 0 0 o | on | o o |

\— CRONO used as compare register

Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used together with the
interval timer function. For details, refer to 8.3 (2) Capture/compare control register On

(CRCON).
2.n=0,1
Figure 8-3. Configuration of Interval Timer
16-bit timer capture/compare
register On0 (CRONO)
# INTTMONO
Count clock™*® [ > -
[e]
3] 16-bit timer counter On
Noise % (TMOn) ovren
© n
Tiono eliminator
Clear
fod4 circuit

Note Set with PRMOn register.

Remarks 1. fxx: Main clock frequency
2.n=0,1
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Figure 8-4. Timing of Interval Timer Operation

Count clock I | ! | I | I I | ! | I | I I | !
TMOn count value  0000H X0001HX X N XoooorXoooiHX X N XooooHXoooiHX X N
A ; A ’ A
Timer operation enable Clear Clear
| R | L« | [
CRONO N ’ N . N . N
INTTMONO ) ) )
5 Iy 7 by
Interrupt acknowledgment |Interrupt acknowledgment
Interval time

Interval time

Remarks 1. Interval time = (N + 1) x t: N = 0001H to FFFFH
2.n=0,1
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8.4.2 PPG output operation
16-bit timer/event counter On can be used for PPG (Programmable Pulse Generator) output by setting the TMCOn
register and the CRCOn register as shown in Figure 8-5.

Setting procedure

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (refer to Figure 8-5 for the setting value).

<2> Set any value to the CRONO register.

<3> Set any value as a duty to the CRON1 register.

<4> Set the TOCOn register (refer to Figure 8-5 for the setting value).

<5> Set the count clock using the PRMOnN register.

<6> Set the TMCOn register: Start operation (refer to Figure 8-5 for the setting value).

Caution To change the duty value (CRONn1 register) during operation, refer to Remark 2 in Figure 8-7
PPG Output Operation Timing.

Remarks 1. For the alternate-function pin (TOON) settings, refer to Table 4-14 Settings When Port Pins Are
Used for Alternate Functions.
2. For INTTMONO interrupt enable, refer to CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING
FUNCTION.

The PPG output function outputs a rectangular wave from the TOOn pin with the cycle specified by the count value

set in advance to the CRONO register and the pulse width specified by the count value set in advance to the CROn1
register.

User's Manual U16891EJ1VOUD 287



CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

Figure 8-5. Control Register Settings in PPG Output Operation

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOnl OVFOn

TMCOn 0 0 0 0 1 1 0 0
Clears and starts upon match
between TMOn and CROn0O
(b) Capture/compare control register On (CRCON)
CRCOn2 CRCOnl1 CRCONO
CRCOn | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ X ‘ 0 x: Don't care
L CRONO used as compare register
CRON1 used as compare register
(c) 16-bit timer output control register On (TOCOnN)
OSPTOn OSPEOn TOCONn4 LVSOn LVROn TOCOnl1 TOEON
ocon| o | o | o | 1 [ o | on | 1 | 1 |
L Enables TOOn output
Inverts output upon match
between TMOn and CRONO
Specifies initial value of
TOON output F/F
Inverts output upon match
between TMOn and CROn1
Disables one-shot pulse output
(d) Prescaler mode register On (PRMOnN)
ESn11 ESn10 ESn01 ESn00 3 2 PRMOn1 PRMONO
PRMON | 0/1 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

Cautions 1.

— — i
Selects count clock

Setting invalid
(Setting to 10 is prohibited.)

Setting invalid
(Setting to 10 is prohibited.)

Make sure that 0000H < CROn1 < CRONnO < FFFFH is set to the CRONO register and CROn1
register.

The cycle of the pulse generated by PPG output is (CROnO setting value + 1).

The duty factor is (CRONn1 setting value + 1) / (CROnO setting value + 1)

Remark n=0,1
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Figure 8-6. Configuration of PPG Output

16-bit capture/compare
register On0 (CRONO)

S
Count clock™te————— § 16-bit timer counter On (TMOn) C_:Iea_r
o) circuit
n
ks
IS
8 —oTO00Nn
i E
[=8
=
O
16-bit capture/compare
register On1 (CRON1)
Note The count clock is set by the PRMOn register.
Remark n=0,1
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Figure 8-7. PPG Output Operation Timing

1 t 1
1 1
1 1

Countclock||||||||||||||||||||||
1

TMOn count value NAXOOOOHX0001HX NECENEE ‘AXOOOOHX0001HX

Clear E Clear
Value loaded to CRONO \\ N | \\ |
Value loaded to CRON1 I \ v \ I
TOON J k

Pulse width: (M + 1) x t

lcycle:(N+1)xt

Caution The CRONO register cannot be rewritten during 16-bit timer/event counter On operation.

Remarks 1. 0000H <M < N < FFFFH
2. Change the pulse width during 16-bit timer/event counter On operation (rewrite CRON1 register) as
follows in a PPG output operation.

<1> Disable the timer output inversion operation based on a match of the TMOn and CROnl1
registers (TOCON4 bit = 0).

<2> Disable the INTTMON1 interrupt (TMOMKn1 bit =1).

<3> Rewrite the CRON1 register.

<4> Wait for a cycle of the TMOn register count clock.

<5> Enable the timer output inversion operation based on a match of the TMOn and CROnl1
registers (TOCON4 bit = 1).

<6> Clear the interrupt request flag of INTTMONn1 (TMOIFn1 bit = 0).

<7> Enable the INTTMON1 interrupt (TMOMKnNL1 bit = 0).

3.n=0,1
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8.4.3 Pulse width measurement

The TMOn register can be used to measure the pulse widths of the signals input to the TIOn0 and TIOn1 pins.

Measurement can be carried out with 16-bit timer/event counter On used in the free-running timer mode or by
restarting the timer in synchronization with the edge of the signal input to the TIONnO pin.

When an interrupt is generated, read the valid capture register value. After confirming the TMCOn.OVFOn flag,
clear (0) it by software and measure the pulse width.

Setting procedure

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (refer to Figures 8-9, 8-12, 8-14, and 8-16 for the setting value).
<2> Set the count clock using the PRMOn register.
<3> Set the TMCOn register: Start operation (refer to Figures 8-9, 8-12, 8-14, and 8-16 for the setting value).

Caution When using two capture registers, set the TIOn0 and TIOn1 pins.
Remarks 1. For the alternate-function pin (TIOnO, TIONn1) settings, refer to Table 4-14 Settings When Port
Pins Are Used for Alternate Functions.
2. For INTTMONO and INTTMONL1 interrupt enable, refer to CHAPTER 19 INTERRUPT/EXCEPTION

PROCESSING FUNCTION.

Figure 8-8. CRONn1 Capture Operation with Rising Edge Specified

Count clock _| | | | | | | | | | I_

™on  f N-3 f N-2 f N-1 N N+1 )
TIONO [ A A A
Rising edge detection

CRON1 N

INTTMON1 | |

Remarks 1. n=0,1
2. The valid edge is detected through sampling at a count clock cycle selected with the PRMOn
register, and the capture operation is not performed until the valid edge is detected twice. As a
result, noise with a short pulse width can be eliminated.
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(1) Pulse width measurement with free-running timer operation and one capture register

292

If the edge specified by the PRMOn register is input to the TIONO pin when 16-bit timer/event counter On is
operated in the free-running timer mode (refer to Figure 8-9), the value of the TMOn register is loaded to the
CRON1 register and an external interrupt request signal (INTTMOn1) is generated.

The valid edge is specified by the PRMOn.ESn00 and PRMONn.ESn01 bits. The rising edge, falling edge, or
both the rising and falling edges can be selected.

The valid edge is detected through sampling at a count clock cycle selected with the PRMOn register, and the
capture operation is not performed until the valid edge is detected twice. As a result, noise with a short pulse
width can be eliminated.

Remark n=0,1
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Figure 8-9. Control Register Settings for Pulse Width Measurement
with Free-Running Timer Operation and One Capture Register
(When TIOnO Pin and CRONn1 Registers Are Used)

(a) 16-bit timer mode control register On (TMCOn)

TMCON3 TMCOn2 TMCOn1 OVFOn
TMCOnlO‘O‘O‘O‘O‘l‘O‘Ol

L’J

(b) Capture/compare control register On (CRCOn)

Free-running timer mode

CRCON2 CRCON1 CRCONO
cmoﬂo‘o‘o‘o‘o‘l‘ou‘ol

B

CRONO used as compare register

CRON1 used as capture register

(c) Prescaler mode register On (PRMON)

ESnll ESn10 ESn0l1 ESn00 3 2 PRMOn1 PRMONO
PrMon [ o | on | 2 [ 1 | o | o | on | on |

L L t

Selects count clock
(Setting to 11 is prohibited.)

Specifies both edges for
pulse detection

Setting invalid
(Setting to 10 is prohibited.)

Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used together with the
pulse width measurement function. For details, refer to 8.3 (2) Capture/compare control
register On (CRCOn).

2.n=0,1
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Figure 8-10. Configuration for Pulse Width Measurement with Free-Running Timer Operation

16-bit timer counter On
(TMOn)

16-bit timer capture/compare
TIono © ;
register On1 (CRON1)

Count clockM*®

OVFOn

Selector

4> INTTMON1

8 Internal bus 8

Note The count clock is set with the PRMOnN register.

Remark n=0,1

Figure 8-11. Timing of Pulse Width Measurement with Free-Running Timer Operation
and One Capture Register (with Both Edges Specified)

t

Count clock _%J‘Mﬂ_l—u‘_ﬂ_"l_l‘ﬂ_l‘u‘_l"_l‘l_

TMOn count value __ JooooHfooo1H) . X Do Joo+1f ' X D1 Jor+1f ' YrrerHfoooon) . X D2 ) b3 |
TIONO pin input | s—| |
—6 7T T
Value loaded to CRON1 . DO . D1 . . D2 . D3
INTTMON1 [ [ [ [
OVFOn 5 5 5 Es——

Cleared by

instruction
(D1-DO) x t (10000H — D1 + D2) x t (D3-D2) x t

Remark n=0,1
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(2) Measurement of two pulse widths with free-running timer operation

The pulse widths of two signals respectively input to the TIOnO pin and the TIOnl pin can be simultaneously
measured when 16-bit timer/event counter On is used in the free-running timer mode (refer to Figure 8-12).
When the edge specified by the PRMOn.ESn00 and PRMOn.ESn01 bits is input to the TIONO pin, the value of
the TMOn register is loaded to the CRONn1 register and an external interrupt request signal (INTTMON1) is
generated.

When the edge specified by the PRMOn.ESn10 and PRMOn.ESn11 bits is input to the TIONn1 pin, the value of
the TMOn register is loaded to the CRONO register and an external interrupt request signal (INTTMONO) is
generated.

The edges of the TIONO and TIONn1 pins are specified by the PRMOn.ESn00 and PRMOn.ESn01 bits and the
PRMON.ESn10 and PRMON.ESn11 bits, respectively. Specify both rising and falling edges.

The valid edge of the TIONnO pin is detected through sampling at the count clock cycle selected with the PRMOn
register, and the capture operation is not performed until the valid level is detected twice. As a result, noise
with a short pulse width can be eliminated.

Figure 8-12. Control Register Settings for Measurement of Two Pulse Widths
with Free-Running Timer Operation

™con| o | o | o | o | o | 1 | o | o |

creon| o | o | o | o | o | 1 | o | 1 |

Remark n=0,1

(@) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOnl OVFOn

L’J

(b) Capture/compare control register On (CRCOnN)

Free-running timer mode

CRCOn2 CRCOnl1 CRCONO

—— CRONO used as capture register

-—————— Captures to CRONO at valid
edge of TIOn1 pin

CRON1 used as capture register

(c) Prescaler mode register On (PRMON)

ESnll ESn10 ESn0l1 ESn00 3 2 PRMOn1 PRMONO

PRMOnll‘l‘l‘l‘O‘O‘O/l‘O/ll

L L t

Selects count clock
(Setting to 11 is prohibited.)

Specifies both edges for
pulse detection.

Specifies both edges for
pulse detection.
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» Capture operation (free-running timer mode)
The following figure illustrates the operation of the capture register when the capture trigger is input.

Figure 8-13. Timing of Pulse Width Measurement with Free-Running Timer Operation
(with Both Edges Specified)

t
Countclock‘l‘llI!Illl!lll

TMOn count value  J0oooHfoooH Y Do Joo+1f Y o1 Joi+1f JrrrrfooooH f J D2 02+ )2+ 2f I D3

_ﬁ I
TIONO pin input I j . ,J |
—‘ t = -
Value loaded to CROn1 ) DO . DL . D2 .
INTTMON1 . | | | | 3 . .
TIONn1 pin input . J § ‘ )
Value loaded to CRONO " ’ D1 ’: " D2+1 "
INTTMONO , ) | | , , | |
OVFOn . ) ! L‘* L
Cleared by instruction
(D1-DO) xt | (10000H — D1 + D2) x t (D3-D2) x t

(10000H — D1 + (D2 + 1)) x t

Remark n=0,1
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(3) Pulse width measurement with free-running timer operation and two capture registers
When 16-bit timer/event counter On is used in the free-running timer mode (refer to Figure 8-14), the pulse
width of the signal input to the TIOnO pin can be measured.
When the edge specified by the PRMOn.ESn00 and PRMOn.ESn01 bits is input to the TIONO pin, the value of
the TMOn register is loaded to the CRONn1 register and an external interrupt request signal (INTTMON1) is
generated.
The value of the TMOn register is also loaded to the CRONO register when an edge inverse to the one that
triggers capturing to the CRON1 register is input.
The valid edge of the TIONnO pin is detected through sampling at a count clock cycle selected with the PRMOn
register, and the capture operation is not performed until the valid edge is detected twice. As a result, noise
with a short pulse width can be eliminated.

Figure 8-14. Control Register Settings for Pulse Width Measurement
with Free-Running Timer Operation and Two Capture Registers
(with Rising Edge Specified)

(&) 16-bit timer mode control register On (TMCOn)

TMCON3 TMCOn2 TMCOn1 _OVFOn
™con| o | o | o | o | o | 1 | o | o |

Free-running timer mode

(b) Capture/compare control register On (CRCOnN)

CRCON2 CRCON1 CRCONO
creon| o | o | o | o | o | 12 | 1 | 1 |

—— CRONO0 used as capture register

Captures to CRONO at edge
inverse to valid edge of TIOnO pin

CRON1 used as capture register

(c) Prescaler mode register On (PRMON)

ESnll ESnl10 ESn01 ESn00 3 2 PRMOn1 PRMONO

PRMOnlO/l‘O/l‘O‘1‘0‘0‘0/1‘0/1'

— — i
Selects count clock

(Setting to 11 is prohibited.)

Specifies rising edge of
pulse width detection

Setting invalid
(Setting to 10 is prohibited.)

Remark n=0,1
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Figure 8-15. Timing of Pulse Width Measurement with Free-Running Timer Operation
and Two Capture Registers (with Rising Edge Specified)

TMOnN count value JooooHJoootHY ¥ oo Joo+ 1f Y o1 Joi+1f YeerrH) oooon) fo2)o+1f * o3 )

I —
TIONO pin input ( I j ¢ J_ L_
Value loaded to CROn1 DO D2 i
Value loaded to CRONO DI D3
INTTMON1 . | | . " . L
OVFONn q 4 ( l_%__
Cleared by
instruction

(D1-DO)xt  (10000H—D1+D2)xt (D3 -D2)xt

Remark n=0,1
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(4) Pulse width measurement by restarting
When the valid edge of the TIOnO pin is detected, the pulse width of the signal input to the TIOnO pin can be
measured by clearing the TMOn register and then resuming counting after loading the count value of the TMOn
register to the CRON1 register (refer to Figure 8-17).
The edge is specified by the PRMOn.ESn00 and PRMONn.ESnO1 bits. The rising or falling edge can be
specified.
The valid edge is detected through sampling at a count clock cycle selected with the PRMOn register and the
capture operation is not performed until the valid level is detected twice.
As a result, noise with a short pulse can be eliminated.

Figure 8-16. Control Register Settings for Pulse Width Measurement by Restarting

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOn1 _OVFOn
™con| o | o | o | o | 1 | o | o | o |

Clears and starts at valid

edge of TIONO pin

(b) Capture/compare control register On (CRCOnN)

CRCON2_CRCONL_CRCONO
cren| o | o | o [ o | o | 1 | 1 [ 1 |

—— CRONO used as capture register

Captures to CRONO at edge
inverse to valid edge of TIOnO pin

CRON1 used as capture register

(c) Prescaler mode register On (PRMON)

ESnll ESnl10 ESn01 ESn00 3 2 PRMOn1 PRMONO

PRMOnl 0/1 ‘ 0/1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

— — i
Selects count clock

(Setting to 11 is prohibited.)

Specifies rising edge of
pulse width detection

Setting invalid
(Setting to 10 is prohibited.)

Remark n=0,1
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Figure 8-17. Timing of Pulse Width Measurement by Restarting (with Rising Edge Specified)

t

Count clock ‘ | ‘ | I

TMOn count clock  X0000H{0001H) X Do XooooHXoooiHX D1 X X D2 XooooHX0001HX

TI0NO pin input | L. L

Value loaded to CRONn1 (" ‘ DO ‘ (‘, ‘ D2
Value loaded to CRONO ’ D1 ” X
INTTMON1 . |_| a |_|
(D1+1) xt
(D2 +1) xt

Remark n=0,1
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8.4.4 Operation as external event counter

Setting procedure

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (refer to Figure 8-18 for the setting value).

<2> Set the count clock using the PRMOn register.

<3> Set any value (except for 0000H) to the CRONO register.

<4> Set the TMCOn register: Start operation (refer to Figure 8-18 for the setting value).

Remarks 1. For the alternate-function pin (TIOnO) settings, refer to Table 4-14 Settings When Port Pins Are
Used for Alternate Functions.
2. For INTTMONO interrupt enable, refer to CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING
FUNCTION.

The external event counter counts the number of clock pulses input to the TIOnO pin from an external source by
using the TMOn register.

Each time the valid edge specified by the PRMOn register has been input, the TMOn register is incremented.

When the count value of the TMOn register matches the value of the CRONO register, the TMOn register is cleared
to 0000H and an interrupt request signal (INTTMONO) is generated.

Set the CRONO register to a value other than 0000H (one-pulse count operation is not possible).

The edge is specified by the PRMOn.ESn00 and PRMONn.ESn01 bits. The rising, falling, or both the rising and
falling edges can be specified.

The valid edge is detected through sampling at a count clock cycle of fxx/4, and the capture operation is not
performed until the valid level is detected twice. As a result, noise with a short pulse width can be eliminated.

Cautions 1. The timer outputs (TO00, TO01) cannot be used.
2. The value of the CROn0 and CROnN1 registers cannot be changed during timer count operation.

Remark n=0,1
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Figure 8-18. Control Register Settings in External Event Count Mode (with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOnl1 OVFOn

TMCOn | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0 ‘ 0 |

L’J

(b) Capture/compare control register On (CRCOn)

Clears and starts on match
between TMOn and CRON0O

CRCOn2 CRCOn1 CRCONO

mcoﬂo‘o‘o‘o‘o‘ou‘om‘o|

B

CRONO used as compare register

(C) Prescaler mode register On (PRMOn)

ESnll ESn10 ESn01 ESn00 3 2 PRMOn1 PRMONO

prvon [ on [ on | o | 1 ] o | o | 1 | 1|

L] L]

Selects external clock

Specifies rising edge of
external event count input

Setting invalid
(Setting to 10 is prohibited.)

Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used together with the
external event counter function. For details, refer to 8.3 (2) Capture/compare control register
On (CRCOn).
2.n=0,1
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Figure 8-19. Configuration of External Event Counter

16-bit timer capture/compare
register On0 (CRONO)

@ Match
INTTMONO
ﬁ Clear
Count clock™'® =
o
5] 16-bit timer counter On
% (TMON) OVFOn
J
Noise
fxxi4 eliminator
TI0N0 valid edge © i 16-bit timer capture/compare
val ge © register Onl1 (CRONn1)

it

8 Internal bus 2

Note Set with the PRMOn register.

Remark n=0,1

Figure 8-20. Timing of External Event Counter Operation (with Rising Edge Specified)

TIONO pin input |||||||||||||

TMOn countvalue  0000H  J0ooo1HJooo2H)ooo3H ooo4rfooosH) =~ XN -1f N JooooHXooo1H)ooo2H fooosH)
. |

CRONO N '

INTTMONO .

Count start

Cautions 1. Read the TMOn register when reading the count value of the external event counter.
2. Counting is not possible at the first valid edge after the external event count mode is

entered.

Remark n=0,1
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8.4.5 Square-wave output operation

Setting procedure

The basic operation setting procedure is as follows.

<1> Set the count clock using the PRMOn register.

<2> Set the CRCOn register (refer to Figure 8-21 for the setting value).

<3> Set the TOCOnN register (refer to Figure 8-21 for the setting value).

<4> Set any value (except for 0000H) to the CRONO register.

<5> Set the TMCOn register: Start operation (refer to Figure 8-21 for the setting value).

Remarks 1. For the alternate-function pin (TOON) settings, refer to Table 4-14 Settings When Port Pins Are
Used for Alternate Functions.
2. For INTTMONO interrupt enable, refer to CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING
FUNCTION.

16-bit timer/event counter On can be used to output a square wave with any frequency at an interval specified by
the count value set in advance to the CRONO register.
By setting the TOCONn.TOEONn and TOCON.TOCON1 bits to 11, the output status of the TOOn pin is inverted at an

interval set in advance to the CRONO register. In this way, a square wave of any frequency can be output.

Caution The value of the CROn0 and CRON1 registers cannot be changed during timer count operation.
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Figure 8-21. Control Register Settings in Square-Wave Output Mode

(@) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOnl1 OVFOn

TMCOn 0 0 0 0 1 1 0 0
Clears and starts upon match
between TMOn and CROnO
(b) Capture/compare control register On (CRCOn)
CRCOn2 CRCOnl1 CRCONO
creonf o | o | o | o | o [ o | on | o |
L CRONO used as compare register
(c) 16-bit timer output control register On (TOCON)
OSPTOn OSPEOn TOCONn4 LVSOn LVROn TOCOn1 TOEONn
tocon[ o | o | o | o | on | on | 1 | 1 |
L Enables TOOn output
Inverts output upon match
between TMOn and CROn0O
Specifies initial value of TOOn output F/H
Does not invert output upon match
between TMOn and CROn1
Disables one-shot pulse output
(d) Prescaler mode register On (PRMOnN)
ESn11 ESn10 ESn01 ESn00 3 2 PRMOn1 PRMONO
PRVOn [ o1 | o1 | on | on | o | o | o1 | on |
\—l—‘— Selects count clock

Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used together with the

Setting invalid
(Setting to 10 is prohibited.)

Setting invalid
(Setting to 10 is prohibited.)

square-wave output function.
For details, refer to 8.3 (2) Capture/compare control register On (CRCOn).
2.n=0,1
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Figure 8-22. Timing of Square-Wave Output Operation

Countclock!llllllIlll!llllllllll!ll

TMOn count value  Jo00or)0001H}0002H) In-1) N JooooH)oooiHooozHY | XN -1 N ) ooooH
| . | ) |

CRONO N

[ (

INTTMONO

( (
)T OT

TOON pin output .

Remark n=0,1
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8.4.6 One-shot pulse output operation
16-bit timer/event counter On can output a one-shot pulse in synchronization with a software trigger. In the
V850ES/KF1, a one-shot pulse cannot be output by inputting external trigger.

Setting procedure

The basic operation setting procedure is as follows.

<1> Set the count clock using the PRMOn register.

<2> Set the CRCOn register (refer to Figure 8-23 for the setting value).

<3> Set the TOCOn register (refer to Figure 8-23 for the setting value).

<4> Set any value to the CROn0 and CROnN1 registers.

<5> Set the TMCOn register: Start operation (refer to Figure 8-23 for the setting value).

Remarks 1. For the alternate-function pin (TOON) settings, refer to Table 4-14 Settings When Port Pins Are
Used for Alternate Functions.
2. For INTTMONO interrupt enable, refer to CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING
FUNCTION.

A one-shot pulse can be output from the TOOn pin by setting the TMCOn, CRCOn, and TOCOn registers as shown
in Figure 8-23, and by setting the TOCONn.OSPTOnN bit to 1 by software.

By setting the OSPTOn bit to 1, 16-bit timer/event counter On is cleared and started, and its output becomes active
at the count value (N) set in advance to the CRONn1 register. After that, the output becomes inactive at the count value
(M) set in advance to the CRONO register'*.

Even after the one-shot pulse has been output, 16-bit timer/event counter On continues its operation. To stop 16-

bit timer/event counter On, the TMCONn.TMCOn3 and TMCOn.TMCOnN2 bits must be cleared to 00.

Note The case where N < M is described here. When N > M, the output becomes active with the CRONO register
and inactive with the CROnN1 register.

Cautions 1. Do not set the OSPTOn bit while the one-shot pulse is being output. To output the one-shot
pulse again, wait until the current one-shot pulse output is completed.

2. The value of the CROn0 and CROnN1 registers cannot be changed during timer count operation.

Remark n=0,1
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Figure 8-23. Control Register Settings for One-Shot Pulse Output (1/2)

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOnl OVFOn

TMCOn | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 |

Free-running timer mode

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCONO

mcoﬂo‘o‘o‘o‘o‘o‘wl‘ol

B

CRONO used as compare register

CRON1 used as compare register

(c) 16-bit timer output control register On (TOCOnN)

OSPTOn OSPEOn TOCONn4 LVSOn LVROn TOCOn1 TOEOn

TOCOnlO‘O‘l‘l‘O/l‘O/l‘l‘1|

Enables TOOnN output

Inverts output upon match
between TMOn and CROn0

Specifies initial value of
TOON output F/F

Inverts output upon match
between TMOn and CROn1

Sets one-shot pulse output mode

Set to 1 for output
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Figure 8-23. Control Register Settings for One-Shot Pulse Output (2/2)

(d) Prescaler mode register On (PRMOnN)

ESnll ESn10 ESn01 ESn00 3 2 PRMOn1 PRMONO
PRMON | 0/1 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |
\—l—‘—Selects count clock
Setting invalid
(Setting to 10 is prohibited.)

Setting invalid
(Setting to 10 is prohibited.)

Caution Do not set 0000H to the CROn0 and CRON1 registers.

Remarks 1. 0/1: When these bits are reset to O or set to 1, other functions can be used together with the one-
shot pulse output function.
For details, refer to 8.3 (2) Capture/compare control register On (CRCOn).
2.n=0,1

Figure 8-24. Timing of One-Shot Pulse Output Operation

Set TMCOn register to 04H

CountclocklllllIl!llllllll!lllll!lllll

T™MOn count  0000H 00otH{ . X N AN+ 1X)foooowl T AN-1f N X O fm-2f M fm+ 21fm+2f
. | | . - |
CRON1 set value N N N
) | | ) L

N
CRONO set value M M M M

OSPTON " . .

INTTMON1

INTTMONO

TOON pin output . .

Caution 16-bit timer counter On starts operating as soon as a value other than 00 (operation stop
mode) is set to the TMCOn3 and TMCOnN?2 bits.

Remark n=0,1
N<M
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8.4.7 Cautions
(1) Error on starting timer
An error of up to 1 clock occurs before the match signal is generated after the timer has been started. This is

because the count of the TMOn register is started asynchronously to the count pulse.

Figure 8-25. Count Start Timing of TMOn Register

countpuse __ [ [ [ [ [ [ | || |

TMOn countvalue  0000H X 0001H X 0002H X 0003H X 0004H

Timer start

Remark n=0,1

(2) Setting CRONn0 and CRON1 registers (in the mode in which clear & start occurs upon match between
TMOn register and CRONO register)
Set the CRONO and CRON1 registers to a value other than 0000H (when using these registers as external
event counters, one-pulse count operation is not possible).

Remark n=0,1
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(3) Data hold timing of capture register
<1> If the valid edge of the TIONnO pin is input while the CRON1 register is read, the CRON1 register performs
capture operation, but the read value at this time is not guaranteed. However, the interrupt request

signal (INTTMON1) is generated as a result of detection of the valid edge.

Figure 8-26. Data Hold Timing of Capture Register

comntpuse __ [ L[ L [ LT LT LT 1L

TMOn count value X N X N+1 X N+2 X X M XM+1 X M+2
Edge input —| |—
INTTMON1 [ []

Capture read signal |_|_

CRON1 capture value X X N+1 ¢
Capture operation Capture operation is

performed but read value
is not guaranteed

Remark n=0,1

<2> The values of the CRONn0 and CROnN1 registers are not guaranteed after 16-bit timer/event counter On

has stopped.
(4) Setting valid edge
Before setting the valid edge of the TIOnO pin, stop the timer operation by clearing the TMCOn.TMCOn2 and
TMCONn.TMCOnN3 bits to 00. Set the valid edge by using the PRMONn.ESn00 and PRMOn.ESnO01 bits.
Remark n=0,1
(5) Re-triggering one-shot pulse
When a one-shot pulse is output, do not set the OSPTOnN bit to 1. Do not output the one-shot pulse again until
the INTTMONO signal, which occurs upon match with the CRONO register, or the INTTMONn1 signal, which

occurs upon match with the CRONn1 register, occurs.

Remark n=0,1
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(6) Operation of OVFOn flag

(a) Setting of OVFOnN flag
The TMCOn.OVFOn flag is set to 1 in the following case in addition to when the TMOn register overflows.

Select the mode in which clear & start occurs upon match between the TMOn register and the CROn0
register.
!
Set the CRONO register to FFFFH
!
When the TMOn register is cleared from FFFFH to 0000H upon match with the CROn register

Figure 8-27. Operation Timing of OVFOn Flag

Count pulse _| | | | | | | | |_

CRONO FFFFH

T™Mon  FFFEH X FFFFH X 0000H X 0001H X

OVFOn

INTTMONO [

Remark n=0,1

(b) Clearing of OVFOn flag
After the TMOn register overflows, clearing OVFOn flag is invalid and set (1) again even if the OVFOn flag
is cleared (0) before the next count clock is counted (before TMOn register becomes 0001H).

Remark n=0,1

(7) Timer operation

(@) CRON1register capture
Even if the TMOn register is read, the read data cannot be captured into the CROn1 register.

(b) TIONO, TION1 pin acknowledgment
Regardless of the CPU’s operation mode, if the timer is stopped, signals input to the TIONO and TIOn1 pins
are not acknowledged.

(c) One-shot pulse output
One-shot pulse output operates normally only in the free-running timer mode. Because no overflow
occurs in the mode in which clear & start occurs upon match between the TMOn register and the CROn0

register, one-shot pulse output is not possible.

Remark n=0,1
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(8) Capture operation

©)

@)

(b)

()

(d)

If valid edge of TIONnO is specified for count clock
If the valid edge of TIOnO is specified for the count clock, the capture register that specified TIOnO as the
trigger does not operate normally.

If both rising and falling edges are selected for valid edge of TIOnO
If both the rising and falling edges are selected for the valid edge of TIOnO, capture operation is not
performed.

To ensure that signals from TIOn1 and TIOnO are correctly captured
For the capture trigger to capture the signals from TIOn1 and TIOnO correctly, a pulse longer than two of
the count clocks selected by the PRMON register is required.

Interrupt request input
Although a capture operation is performed at the falling edge of the count clock, an interrupt request

signal (INTTMONO, INTTMON1) is generated at the rising edge of the next count clock.

Remark n=0,1

Compare operation

When set to the compare mode, the CROn0 and CROn1 registers do not perform capture operation even if a

capture trigger is input.

Caution The value of the CRONO register cannot be changed during timer operation. The value of the

CRON1 register cannot be changed during timer operation other than in the PPG output
mode. To change the CRONn1 register in the PPG output mode, refer to 8.4.2 PPG output
operation.

Remark n=0,1

(10) Edge detection

(@)

Sampling clock for noise elimination

The sampling clock for noise elimination differs depending on whether the valid edge of TIOnO is used for
the count clock or as a capture trigger. In the former case, sampling is performed using fxx/4, and in the
latter case, sampling is performed using the count clock selected by the PRMOn register. The first capture
operation does not start until the valid edges are sampled and two valid levels are detected, thus
eliminating noise with a short pulse width.

Remarks 1. fxx: Main clock frequency
2. n=0,1
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In the VB50ES/KF1, two channels of 8-bit timer/event counter 5 are provided.

9.1 Functions

8-bit timer/event counter 5n has the following two modes (n = 0, 1).

* Mode using 8-bit timer/event counter alone (individual mode)
» Mode using cascade connection (16-bit resolution: cascade connection mode)

These two modes are described below.

(1) Mode using 8-bit timer/event counter alone (individual mode)
8-bit timer/event counter 5n operates as an 8-bit timer/event counter.
The following functions can be used.

* Interval timer

» External event counter
» Square-wave output

* PWM output

(2) Mode using cascade connection (16-bit resolution: cascade connection mode)
8-bit timer/event counter 5n operates as a 16-bit timer/event counter by connecting the TM5n register in
cascade. The following functions can be used.
» Interval timer with 16-bit resolution
» External event counter with 16-bit resolution

» Square-wave output with 16-bit resolution

The block diagram of 8-bit timer/event counter 5n is shown next.
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Figure 9-1. Block Diagram of 8-Bit Timer/Event Counter 5n

Internal bus
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8-bit timer mode control
register 5n (TMC5n)

Internal bus

Note The count clock is set by the TCL5n register.

Remark n=0,1
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9.2 Configuration

8-bit timer/event counter 5n consists of the following hardware.

Table 9-1. Configuration of 8-Bit Timer/Event Counter 5n

Item Configuration

Timer registers 8-bit timer counter 5n (TM5n)

16-bit timer counter 5 (TM5): Only when using cascade connection

Registers 8-bit timer compare register 5n (CR5n)

16-bit timer compare register 5 (CR5): Only when using cascade connection

Timer output 1 (TO5n pin)

Control registers

Note

Timer clock selection register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)
16-bit timer mode control register 5 (TMC5): Only when using cascade connection

Note When using the functions of the TI5n and TO5n pins, refer to Table 4-14 Settings When Port Pins Are Used

for Alternate Functions.

Remark n=0,1

(1) 8-bit timer counter 5n (TM5n)

The TMb5n register is an 8-bit read-only register that counts the count pulses.

The counter is incremented in synchronization with the rising edge of the count clock.

Through cascade connection, the TM5n registers can be used as a 16-bit timer.

When using the TM50 register and the TM51 register in cascade as a 16-bit timer, these registers can be read
only in 16-bit units. Therefore, read these registers twice and compare the values, taking into consideration
that the reading occurs during a count change.

After reset: O0H R Address: TM50 FFFFF5COH, TM51 FFFFF5C1H

T™en | | | | | | | | |
(n=0,1)

316

The count value is reset to 00H in the following cases.

<1> Reset

<2> When the TMC5n.TCE5n bit is cleared (0)

<3> The TMb5n register and CR5n register match in the mode in which clear & start occurs on a match

between the TM5n register and the CR5n register

Caution When connected in cascade, these registers become 0000H even when the TCES50 bit in the
lowest timer (TM50) is cleared.

Remark n=0,1
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(2) 8-bit timer compare register 5n (CR5n)
The CR5n register can be read and written in 8-bit units.
In a mode other than the PWM mode, the value set to the CR5n register is always compared to the count
value of the TM5n register, and if the two values match, an interrupt request signal (INTTM5n) is generated.
In the PWM mode, TM5n register overflow causes the TO5n pin output to change to the active level, and when
the values of the TM5n register and the CR5n register match, the TO5n pin output changes to the inactive
level.
The value of the CR5n register can be set in the range of 00H to FFH.
When using the TM50 register and TM51 register in cascade as a 16-bit timer, the CR50 register and CR51
register operate as 16-bit timer compare register 5 (CR5). The counter value and register value are compared
in 16-bit lengths, and if they match, an interrupt request signal (INTTM50) is generated.

After reset: O0H R/IW Address: CR50 FFFFF5C2H, CR51 FFFFF5C3H

cren | | | | | | | | |
(n=0,1)

Cautions 1. In the mode in which clear & start occurs upon a match of the TM5n register and CR5n
register (TMC5n.TMC5n6 bit = 0), do not write a different value to the CR5n register
during the count operation.

2. In the PWM mode, set the CR5n register rewrite interval to three or more count clocks
(clock selected with the TCL5n register).

3. Before changing the value of the CR5n register when using a cascade connection, be
sure to stop the timer operation.

Remark n=0,1
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9.3 Registers

The following two registers are used to control 8-bit timer/event counter 5n.

» Timer clock selection register 5n (TCL5n)
» 8-bit timer mode control register 5n (TMC5n)

Remark To use the functions of the TI5n and TO5n pins, refer to Table 4-14 Settings When Port Pins Are
Used for Alternate Functions.

(1) Timer clock selection register 5n (TCL5n)
The TCL5n register sets the count clock of 8-bit timer/event counter 5n and the valid edge of the TI5n pin input.
The TCL5n register can be read or written in 8-bit units.
After reset, this register is cleared to O0H.

After reset: 00H R/W Address: TCL50 FFFFF5C4H, TCL51 FFFFF5C5H

7 6 5 4 3 2 1 0
tetsn | o | o | o | o | o [rcsn2|TeLsnt | TeLsno |
(n=0,1)
TCL5n2 | TCL5n1| TCL5n0 Count clock selection™°t®
Clock fxx
20 MHz 10 MHz
0 0 0 Falling edge of TI5n - -
0 0 1 Rising edge of TI5n - -
0 1 0 fxx Setting prohibited| 100 ns
0 1 1 fxx/2 100 ns 200 ns
1 0 0 fxx/4 200 ns 0.4 us
1 0 1 fxx/64 3.2 us 6.4 us
1 1 0 | fxx/256 12.8 us 25.6 us
1 1 1 INTTMO10 - -

Note When the internal clock is selected, set so as to satisfy the following conditions.
REGC = Vop = 4.0 to 5.5 V: Count clock < 10 MHz
REGC = Capacity, Vob = 4.0 to 5.5 V: Count clock < 5 MHz
REGC = Vop = 2.7 t0 4.0 V: Count clock <5 MHz

Caution Before overwriting the TCL5n register with different data, stop the timer operation.

Remark When the TM5n register is connected in cascade, the TCL51 register settings are invalid.
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(2) 8-bit timer mode control register 5n (TMC5n)
The TMC5n register performs the following six settings.

« Controls counting by the TM5n register

» Selects the operation mode of the TM5n register

» Selects the individual mode or cascade connection mode

» Sets the status of the timer output flip-flop

« Controls the timer output flip-flop or selects the active level in the PWM (free-running timer) mode
« Controls timer output

The TMC5n register can be read or written in 8-bit or 1-bit units.
After reset, this register is cleared to O0H.
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After reset: 00H R/W Address: TMC50 FFFFF5C6H, TMC51 FFFFF5C7H

(n=0,1)

<7> 6 5 4 <3> <2> 1 <0>
T™C5n | TCESn | TMCSn6| 0  |tMcs14*| Lvssn | LVRsn |TMcsn1| TOEsn |
TCE5n Control of count operation of 8-bit timer/event counter 5n
0 Counting is disabled after the counter is cleared to 0 (counter disabled)
1 Start count operation
TMC5n6 Selection of operation mode of 8-bit timer/event counter 5n

0 Mode in which clear & start occurs on match between TM5n register and CR5n register
1 PWM (free-running timer) mode

TMC514 | Selection of individual mode or cascade connection mode for 8-bit timer/event counter 51

0 Individual mode
1 Cascade connection mode (connected with 8-bit timer/event counter 50)
LVS5n LVR5n Setting of status of timer output F/F
0 0 Unchanged
0 1 Reset timer output F/F to 0
1 0 Set timer output F/F to 1
1 1 Setting prohibited
TMC5n1 |Other than PWM (free-running timer)| PWM (free-running timer) mode
mode (TMC5n6 bit = 0) (TMC5n6 bit = 1)
Controls timer F/F Selects active level
0 Disable inversion operation High active
1 Enable inversion operation Low active
TOE5N Timer output control

0 Disable output (TO5n pin is low level)

1 Enable output

Note Bit 4 of the TMC50 register is fixed to 0.

Cautions 1.

Remarks 1.
2.
3.

Because the TO51 and TI51 pins are alternate functions of the same pin, only one can
be used at one time.

The LVS5n and LVR5n bit settings are valid in modes other than the PWM mode.

Do not set <1> to <4> below at the same time. Set as follows.

<1> Set the TMC5n1, TMC5n6, and TMC514"* bits: Setting of operation mode

<2> Set the TOESn bit for timer output enable: Timer output enable

<3> Set the LVS5n and LVR5n bits (Caution 2): Setting of timer output F/F

<4> Set the TCE5n bit

In the PWM mode, the PWM output is set to the inactive level by the TCE5n bit = 0.

When the LVS5n and LVR5n bits are read, 0 is read.

The values of the TMC5n6, LVS5n, LVR5n, TMC5n1, and TOE5n bits are reflected to the
TO5N output regardless of the TCE5n bit value.

320
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9.4 Operation

9.4.1 Operation as interval timer

8-bit timer/event counter 5n operates as an interval timer that repeatedly generates interrupts at the interval of the
count value preset in the CR5n register. If the count value in the TM5n register matches the value set in the CR5n
register, the value of the TM5n register is cleared to 00H and counting is continued, and at the same time, an interrupt
request signal (INTTMb5n) is generated.

Setting method

<1> Set each register.
e TCL5n register: Selects the count clock (t).
* CRb5nregister:  Compare value (N)
« TMCbHn register: Stops count operation and selects the mode in which clear & start occurs on a match
between the TM5n register and CR5n register (TMC5n register = 0000xx00B,
x: don'’t care).
<2> When the TMC5n.TCE5n bit is set to 1, the count operation starts.
<3> When the values of the TM5n register and CR5n register match, the INTTM5n signal is generated (TM5n
register is cleared to 00H).
<4> Then, the INTTM5n signal is repeatedly generated at the same interval. To stop counting, set the TCE5n
bit = 0.

Interval time = (N + 1) xt: N = O0OH to FFH

Caution During interval timer operation, do not rewrite the value of the CR5n register.

Remark n=0,1

Figure 9-2. Timing of Interval Timer Operation (1/2)

Basic operation

t

TM5n countvalue  00H X 01H X X N X 00HX01H X X N XooH X01H X X N
= ' A ‘ & ‘

Count start Clear Clear
! | . | .
CR5nN N ) N . N N
TCE5n ' ' '
INTTM5n ) ) )
J by 7 by ;
Interrupt acknowledgment |Interrupt acknowledgment

Interval time Interval time

Remark n=0,1
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Figure 9-2. Timing of Interval Timer Operation (2/2)

When CR5n register = 00H

Count clock

TM5n count value 00H 00H | OOH
CR5n 00H | OOH
TCE5N
INTTMSn L L L L

Remark n=0,1

When CR5n register = FFH

Count clock

TM5n count value

CR5n

TCE5n

INTTM5n

t

aigipisinl

Interval time

L L

ooH| | o1H |

[ FEH [ FFH | o0H |

[ FEH [ FFH

00H |

FFH

FFH

FFH

(

Remark n=0,1

A

T

Interrupt acknowledgment

Interval time

A
Interrupt
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9.4.2 Operation as external event counter

The external event counter counts the number of clock pulses input to the TI5n pin from an external source by
using the TMb5n register.

Each time the valid edge specified by the TCL5n register is input to the TI5n pin, the TM5n register is incremented.
Either the rising edge or the falling edge can be specified as the valid edge.

When the count value of the TM5n register matches the value of the CR5n register, the TM5n register is cleared to
00H and an interrupt request signal (INTTM5n) is generated.

Setting method

<1> Set each register.

e TCL5n register: Selects the TI5n pin input edge.

Falling edge of TI5n pin — TLC5n register = 00H
Rising edge of TI5n pin — TCL5n register = 01H

« CR5nregister:  Compare value (N)

« TMCbHn register: Stops count operation, selects the mode in which clear & start occurs on a match
between the TM5n register and CR5n register, disables timer output F/F inversion
operation, and disables timer output.

(TMC5n register = 0000xx00B, x: don't care)
« For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins Are Used for
Alternate Functions.
<2> When the TMC5n.TCEb5n bit is set to 1, the counter counts the number of pulses input from the TI5n pin.
<3> When the values of the TM5n register and CR5n register match, the INTTM5n signal is generated (TM5n
register is cleared to 00H).
<4> Then, the INTTMb5n signal is generated each time the values of the TM5n register and CR5n register
match.

INTTMb5n signal is generated when the valid edge of TI5n pin is input N + 1 times: N = O0H to FFH

Caution During external event counter operation, do not rewrite the value of the CR5n register.

Remark n=0,1

Figure 9-3. Timing of External Event Counter Operation (with Rising Edge Specified)

TI5n

TM5n count value 00H X 01H X 02H X 03H X 04H X 05H X XN -12X N X00H X 01H X 02H X 03H X
T ,

Count start

CR5n N

TCE5n

INTTMS5n

Remark n=0,1
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9.4.3 Square-wave output operation

A square wave with any frequency can be output at an interval determined by the value preset in the CR5n register.

By setting the TMC5n.TOEDbSn bit to 1, the output status of the TO5n pin is inverted at an interval determined by the

count value preset in the CR5n register. In this way, a square wave of any frequency can be output (duty = 50%) (n =

0, 1).

Setting method

<1>

<2>

<3>

<4>

Set each register.

e TCL5n register: Selects the count clock (t).

* CRb5nregister:  Compare value (N)

* TMCbHn register: Stops count operation, selects the mode in which clear & start occurs on a match
between the TM5n register and CR5n register, sets initial value of timer output,
enables timer output F/F inversion operation, and enables timer output.

(TMC5n register = 00001011B or 00000111B)
» For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins Are Used for
Alternate Functions.

When the TMC5n.TCE5n bit is set to 1, counting starts.

When the values of the TM5n register and CR5n register match, the timer output F/F is inverted.

Moreover, the INTTM5n signal is generated and the TM5n register is cleared to 00H.

Then, the timer output F/F is inverted during the same interval and a square wave is output from the TO5n

pin.

Frequency = 1/2t(N + 1): N = 00H to FFH

Caution Do not rewrite the value of the CR5n register during square-wave output.

Figure 9-4. Timing of Square-Wave Output Operation

t

TM5n countvalue  00H X 01H X X N XooHX01H X X N XooH X 01H X X N
' | A k | A

VAN
Count start C‘Iear C‘Iear
CR5nN N ) N . N N
TCE5n
INTTM5n . ) .
' A ’ A
Interrupt Interrupt
acknowledgment acknowledgment
TOSN" ' '
Interval time Interval time

Note The initial value of the TO5n pin output can be set using the TMC5n.LVS5n and TMC5n.LVR5n
bits.

Remark n=0,1
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9.4.4 8-bit PWM output operation

By setting the TMC5n.TMC5n6 bit to 1, 8-bit timer/event counter 5n performs PWM output.

Pulses with a duty factor determined by the value set in the CR5n register are output from the TO5n pin.

Set the width of the active level of the PWM pulse in the CR5n register. The active level can be selected using the
TMC5n.TMC5n1 bit.

The count clock can be selected using the TCL5n register.

PWM output can be enabled/disabled by the TMC5n.TOE5n bit.

Caution The CRb5n register rewrite interval must be three or more operation clocks (set by the TCL5n
register).

Use method

<1> Set each register.
e TCL5n register: Selects the count clock (t).
* CR5nregister:  Compare value (N)
e TMCbHn register: Stops count operation, selects PWM mode, and leave timer output F/F
unchanged, sets active level, and enables timer output.
(TMC5n register = 01000001B or 01000011B)
« For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins Are Used
for Alternate Functions.
<2> When the TMC5n.TCE5n bit is set to 1, counting starts.

PWM output operation

<1> When counting starts, PWM output (output from the TO5n pin) outputs the inactive level until an
overflow occurs.

<2> When an overflow occurs, the active level set by setting method <1> is output. The active level is
output until the value of the CR5n register and the count value of the TM5n register match. An
interrupt request signal (INTTM5n) is generated.

<3> When the value of the CR5n register and the count value of the TM5n register match, the inactive
level is output and continues to be output until an overflow occurs again.

<4> Then, steps <2> and <3> are repeated until counting is stopped.

<5> When counting is stopped by clearing TCE5n bit to 0, PWM output becomes inactive.

Cycle = 256t, active level width = Nt, duty = N/256: N = O0H to FFH

Remarks 1. n=0,1
2. For the detailed timing, refer to Figure 9-5 Timing of PWM Output Operation and
Figure 9-6 Timing of Operation Based on CR5n Register Transitions.
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(a) Basic operation of PWM output

Figure 9-5. Timing of PWM Output Operation

Basic operation (active level = H)
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CRSN __ooH
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TO5n ) . . «

T )T T )T
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Inactive level Inactive level

When CRb5n register = FFH

t

Count clock %A‘UVU‘IJTLI‘SM S L
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CR5n FFH
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Inactive level Active level Inactive level Active level Inactive level

Remark n=0,1
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(b) Operation based on CR5n register transitions

Figure 9-6. Timing of Operation Based on CR5n Register Transitions

When the value of the CR5n register changes from N to M before the rising edge of the FFH clock

- The value of the CR5n register is transferred at the overflow that occurs immediately after.

t
Count C|OCKMMWEMWM JI_I!_I_I_U!_LF
TM5n count value_| N N-1N-2] [ [rrHloorforrfoorf . [ u-tv-2 Jrrrlootjosfozr] . [ m fu-tv-o
CRS5n N M_ . ‘
TCE5n H ’ ’ ’
INTTMS5n « ( . .
TO5n ’ ' ’ L
bt |

<1> CRb5n transition (N - M)

When the value of the CR5n register changes from N to M after the rising edge of the FFH clock

- The value of the CR5n register is transferred at the second overflow.

t
com o T JUUUUL T TUUUL
TM5n count value | N [N-1]N-2| |FrH]oonfornfoarfosH| ] N IN-1IN-2] 7 JFFH]oonfo1k{ozH] I ™ m-1ln-2
CR5n N | XN . . M ‘
TCESn H K ’ k k
INTTM5n 11 . . )
Tosn | k ‘( k |
<1>CR5n trartsition (N - M) <i>

Caution In the case of reload from the CR5n register between <1> and <2>, the value that is actually
used differs (Read value: M; Actual value of CR5n register: N).

Remark n=0,1
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9.4.5 Operation as interval timer (16 bits)

The 16-bit resolution timer/event counter mode is selected by setting the TMC51.TMC514 bit to 1.

8-bit timer/event counter 5n operates as an interval timer by repeatedly generating interrupts using the count value
preset in 16-bit timer compare register 5 (CR5) as the interval.

Setting method

<1> Set each register.

e TCL5O0 register: Selects the count clock (t)

(The TCL51 register does not need to be set in cascade connection)
* CRH5O0 register: Compare value (N) ... Lower 8 bits (settable from 00H to FFH)
» CR51 register: Compare value (N) ... Higher 8 bits (settable from 00H to FFH)

e TMC50, TMC51 register: Selects the mode in which clear & start occurs on a match between TM5
register and CR5 register (x: don'’t care)
TMC50 register = 0000xx00B
TMC51 register = 0001xx00B
<2> Setthe TMC51.TCE51 bitto 1. Then set the TMC50.TCES5O bit to 1 to start the count operation.
<3> When the values of the TM5 register and CR5 register connected in cascade match, the INTTM50 signal
is generated (the TM5 register is cleared to 0000H).
<4> The INTTM50 signal is then generated repeatedly at the same interval.

Interval time = (N + 1) x t: N = 0000H to FFFFH

Cautions 1. To write using 8-bit access during cascade connection, set the TCE51 bit to 1 at
operation start and then set the TCES5O0 bit to 1. When operation is stopped, clear the
TCESO0 bit to 0 and then clear the TCE51 bit to 0.

2. During cascade connection, TI50 input, TO50 output, and the INTTM50 signal are
used. Do not use TI51 input, TO51 output, and the INTTM51 signal; mask them
instead (for details, refer to CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING
FUNCTION). Clear the LVS51, LVR51, TMC511, and TOE51 bits to 0.

3. Do not change the value of the CR5 register during timer operation.
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Figure 9-7 shows a timing example of the cascade connection mode with 16-bit resolution.

Figure 9-7. Cascade Connection Mode with 16-Bit Resolution

cOumclock__Hj"‘ JLI'LI'LP JLI'I_I'LF M M M JI_I'LI'L

TMS50 count value _00H | JotH] [N IN+1] |FFHJ00H] |FFH{00H] |FFHfooH] 01H] | N _foon]o1H] | A fooH
TM51 count value _00H J01H J02H M-1] M 00H B _[ooH
CR50 X N :: ; :: ;

— \ \ \ :i:

TCES0 | ’ ' ’ ’ ’ ’

TCESL | S 5 S S S g I

INTTMS50 4 5 4 S 4 3
Interval time
Operationfenabled, Interrupt occurjence, Operation
count start counter cleared stopped
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9.4.6 Operation as external event counter (16 bits)

The 16-bit resolution timer/event counter mode is selected by setting the TMC51.TMC514 bit to 1.

The external event counter counts the number of clock pulses input to the TI50 pin from an external source using
16-bit timer counter 5 (TM5).

Setting method

330

<1> Set each register.
e TCL5O0 register: Selects the TI50 pin input edge.
(The TCL51 register does not have to be set during cascade connection.)
Falling edge of TI50 pin — TCL50 register = 00H
Rising edge of TI50 pin » TCL50 register = 01H
* CRH5O0 register: Compare value (N) ... Lower 8 bits (settable from 00H to FFH)
* CRS51 register: Compare value (N) ... Higher 8 bits (settable from 00H to FFH)
 TMC50, TMC5L1 registers: Stops count operation, selects the clear & stop mode entered on a match
between the TM5 register and CR5 register, disables timer output F/F
inversion, and disables timer output.
(x: don't care)
[TMCSO register = OOOOxxOOB]
TMC51 register = 0001xx00B
» For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins Are Used for
Alternate Functions.
<2> Setthe TMC51.TCE51 bitto 1. Then set the TMC50.TCE50 bit to 1 and count the number of pulses input
from the TI50 pin.
<3> When the values of the TM5 register and CR5 register connected in cascade match, the INTTM50 signal
is generated (the TM5 register is cleared to 0000H).
<4> The INTTM50 signal is then generated each time the values of the TM5 register and CR5 register match.

INTTM50 signal is generated when the valid edge of TI50 pin is input N + 1 times: N = 0000H to FFFFH

Cautions 1. During external event counter operation, do not rewrite the value of the CR5n

register.

2. To write using 8-bit access during cascade connection, set the TCE51 bit to 1 and
then set the TCES50 bit to 1. When operation is stopped, clear the TCE50 bit to 0 and
then clear the TCE51 bitto 0 (n =0, 1).

3. During cascade connection, TI50 input and the INTTM50 signal are used. Do not use
TI51 input, TO51 output, and the INTTM51 signal; mask them instead (for details,
refer to CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING FUNCTION). Clear the
LVS51, LVR51, TMC511, and TOESL1 bits to 0.

4. Do not change the value of the CR5 register during external event counter operation.
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9.4.7 Square-wave output operation (16-bit resolution)
The 16-bit resolution timer/event counter mode is selected by setting the TMC51.TMC514 bit to 1.
8-bit timer/event counter 5n outputs a square wave of any frequency using the interval preset in 16-bit timer

compare register 5 (CR5).

Setting method

<1> Set each register.
e TCL5O0 register:

CR50 register:
e CRb51 register:

Selects the count clock (t)
(The TCL51 register does not have to be set in cascade connection)
Compare value (N) ... Lower 8 bits (settable from 00H to FFH)
Compare value (N) ... Higher 8 bits (settable from O0H to FFH)

TMC50, TCM51 registers: Stops count operation, selects the mode in which clear & start occurs on a

match between the TM5 register and CR5 register.

LVS50 LVR50 Timer Output F/F Status Settings
1 0 High-level output
0 1 Low-level output

Alternate Functions.

<2> Setthe TMC51.TCE51 hitto 1. Then set the TMC50.TCES5O bit to 1 to start the count operation.
<3> When the values of the TM5 register and the CR5 register connected in cascade match, the TO50 timer
output F/F is inverted. Moreover, the INTTM50 signal is generated and the TM5 register is cleared to

000O0H.

Enables timer output F/F inversion, and enables timer output.

[TMCSO register = 00001011B or 00000111

TMC51 register = 00010000B
« For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins Are Used for

)

<4> Then, the timer output F/F is inverted during the same interval and a square wave is output from the TO50

pin.

Frequency = 1/2t(N + 1): N = 0000H to FFFFH

Caution Do not write a different value to the CR5 register during operation.
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9.4.8 Cautions
(1) Error on starting timer
An error of up to 1 clock occurs before the match signal is generated after the timer has been started. This is

because the TM5n register is started asynchronously to the count pulse.

Figure 9-8. Count Start Timing of TM5n Register

Count pulse | | I I I I I |_

TM5n count value O00H X 01H X 02H X 03H XO4H

T

Timer start

Remark n=0,1
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In the VB50ES/KF1, two channels of 8-bit timer H are provided.
10.1 Functions

8-bit timer Hn has the following functions (n = 0, 1).

* Interval timer

+ PWM output

» Square ware output

« Carrier generator mode
10.2 Configuration

8-bit timer Hn consists of the following hardware.

Table 10-1. Configuration of 8-Bit Timer Hn

Item Configuration
Timer registers 8-bit timer counter Hn: 1 each
Register 8-bit timer H compare register n0 (CMPn0): 1 each
8-bit timer H compare register n1 (CMPn1): 1 each
Timer outputs 1 each (TOHN pin)
Control registers™* 8-bit timer H mode register n (TMHMDn)

8-bit timer H carrier control register n (TMCYCn)

Note To use the TOHn pin function, refer to Table 4-14 Settings When Port Pins Are Used for
Alternate Functions.

Remark n=0,1

User's Manual U16891EJ1VOUD 333



CHAPTER 10 8-BIT TIMER H

The block diagram is shown below.

Figure 10-1. Block Diagram of 8-Bit Timer Hn

Internal bus

!

8-bit timer H mode

register n (TMHMDn)

{1

&

8-bit timer H carrier control
register n (TMCYCn)

8-bit timer H compare

[ TaakEn |ckstna|ckstnt |cksHno[rmDnTMMDRO TOLEVA | TOENN |
\

8-bit timer H compare

B

Cn|NRZBn| NRZn

fxx  —
fxx/2 —=
Fix/ 27 —o-]
Fox/ 2t —o]
Fx/2° —d
fxx/ 21—

fxr —

Selector

I T register n1 (CMPn1) | | register n0 (CMPnO)
Reload/ INTTM5n
2 interrupt f=——
control
|Decoder| ©TOHN
| Selector l7
2‘ EMatch Interrupt FIF Output | | | Lewl
| generator R controller inversion
»:D 8-bit timer
counter Hn
Carrier generator mode signal Clear T
PWM mode signal \
Timer H enable signal Dc L-
INTTMHN

Remark n=0,1
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(1) 8-bit timer H compare register n0 (CMPnO0)
The CMPnNO register can be read or written in 8-bit units.
After reset, CMPnO is cleared to O0OH.
After reset: 00H R/W Address: CMP0O0 FFFFF582H, CMP10 FFFFF592H
7 6 5 4 3 2 1 0
cmPno | | | | | | | | |
(n=0,1)
Caution Rewriting the CMPnNO register during timer count operation is prohibited.
(2) 8-bit timer H compare register n1 (CMPn1)

The CMPn1 register can be read or written in 8-bit units.
After reset, CMPn1 is cleared to O0OH.

After reset: 00H R/W Address: CMP01 FFFFF583H, CMP11 FFFFF593H

cmPnt | | | | | | | | |
(n=0,1)

The CMPn1 register can be rewritten during timer count operation.

In the carrier generator mode, after the CMPn1 register is set, if the count value of 8-bit timer counter Hn and
the set value of the CMPn1 register match, an interrupt request signal (INTTMHn) is generated. At the same
time, the value of 8-bit timer counter Hn is cleared to O0H.

If the set value of the CMPn1 register is rewritten during timer operation, the reload timing is when the count
value of 8-bit timer counter Hn and the set value of the CMPn1 register match. If the transfer timing and write
to the CMPn1 register from the CPU conflict, transfer is not performed.

Caution In the PWM output mode and carrier generator mode, be sure to set the CMPn1 register
when starting the timer count operation (TMHMDn.TMHEn bit = 1) after the timer count
operation was stopped (TMHEn bit = 0) (be sure to set again even if setting the same value to
the CMPn1 register).
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10.3 Registers
The registers that control 8-bit timer Hn are as follows.

» 8-bit timer H mode register n (TMHMDn)
» 8-bit timer H carrier control register n (TMCYCn)

Remarks 1. To use the TOHn pin function, refer to Table 4-14 Settings When Port Pins Are Used for
Alternate Functions.
2.n=0,1

(1) 8-bit timer H mode register n (TMHMDn)
The TMHMDn register controls the mode of 8-hit timer Hn.
TMHMDn register can be read or written in 8-bit or 1-bit units.
After reset, TMHMDn is cleared to O0H.

Remark n=0,1
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(&) 8-bit timer H mode register 0 (TMHMDO)

After reset: 00H R/W Address: FFFFF580H

<7> 6 5 4 3 2 <1> <0>
TMHMDO | TMHEO | CKSHO2 | CKSHO1 | CKSHOO | TMMDO1 | TMMDOO | TOLEVO | TOENO |

TMHEO 8-bit timer HO operation enable
0 Stop timer count operation (8-bit timer counter HO = 00H)
1 Enable timer count operation (Counting starts when clock is input)
CKSH02 | CKSHO01| CKSHO00 Selection of count clock
Count clock™¢| fxx = 20 MHz|fxx = 16.0 MHz|fxx = 10.0 MHz
0 0 0 fxx Setting prohibited | Setting prohibited| 100 ns
0 0 1 fxx/2 100 ns 125 ns 200 ns
0 1 0 fxx/4 200 ns 250 ns 400 ns
0 1 1 fxx/16 800 ns 1 us 1.6 us
1 0 0 fxx/64 1.6 us 4 us 6.4 s
1 0 1 |fx/1024 51.2 us 64 us 102.4 pus
Other than above Setting prohibited
TMMDO1| TMMDOO 8-bit timer HO operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
1 1 Setting prohibited
TOLEVO Timer output level control (default)
0 Low level

1 High level

TOENO Timer output control

0 Disable output

1 Enable output

Note Set so as to satisfy the following conditions.
REGC = Vob =4.0to 5.5 V: Count clock < 10 MHz
REGC = Capacity, Voo = 4.0 to 5.5 V: Count clock < 5 MHz
REGC = Vob = 2.7 to 4.0 V: Count clock <5 MHz

Cautions 1. When the TMHEO bit = 1, setting bits other than those of the TMHMDO register is
prohibited.

2. In the PWM output mode and carrier generator mode, be sure to set the CMPO1
register when starting the timer count operation (TMHEO bit = 1) after the timer
count operation was stopped (TMHEOQ bit = 0) (be sure to set again even if setting
the same value to the CMPOL1 register).

3. When using the carrier generator mode, set 8-bit timer HO count clock frequency
to six times 8-bit timer/event counter 50 count clock frequency or higher.

User's Manual U16891EJ1VOUD 337



CHAPTER 10 8-BIT TIMER H

(b) 8-bit timer H mode register 1 (TMHMD1)

After reset: 00H R/W Address: FFFFF590H

<7> 6 5 4 3 2 <1> <0>
TMHMD1 | TMHE1 | CKSH12| CKSH11| CKSH10 | TMMD11|TMMD10 | TOLEV1 | TOEN1 |

TMHE1 8-bit timer H1 operation enable
0 Stop timer count operation (8-bit timer counter H1 = 00H)
1 Enable timer count operation (Counting starts when clock is input)
CKSH12 | CKSH11| CKSH10 Selection of count clock
Count clock"®| fxx = 20.0 MHz(fxx = 16.0 MHz fxx = 10.0 MHz
0 0 0 fxx Setting prohibited | Setting prohibited | 100 ns
0 0 1 fxx/2 100 ns 125 ns 200 ns
0 1 0 fxx/4 200 ns 250 ns 400 ns
0 1 1 fxx/16 800 ns 1 us 1.6 us
1 0 0 fxx/64 1.6 us 4 us 6.4 us
1 0 1 fxt (subclock)
Other than above Setting prohibited
TMMD11| TMMD10 8-bit timer H1 operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
1 1 Setting prohibited
TOLEV1 Timer output level control (default)
0 Low level

1 High level

TOEN1 Timer output control

0 Disable output

1 Enable output

Note Set so as to satisfy the following conditions.
REGC = Vop = 4.0 to 5.5 V: Count clock < 10 MHz
REGC = Capacity, Vop = 4.0 to 5.5 V: Count clock <5 MHz
REGC = Vbob = 2.7 t0 4.0 V: Count clock <5 MHz

Cautions 1. When the TMHEL1 bit = 1, setting bits other than those of the TMHMD1 register is
prohibited.

2. In the PWM output mode and carrier generator mode, be sure to set the CMP11
register when starting the timer count operation (TMHE1 bit = 1) after the timer
count operation was stopped (TMHEL bit = 0) (be sure to set again even if setting
the same value to the CMP11 register).

3. When using the carrier generator mode, set 8-bit timer H1 count clock frequency
to six times 8-bit timer/event counter 51 count clock frequency or higher.
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(2) 8-bit timer H carrier control register n (TMCYCn)
This register controls the 8-bit timer Hn remote control output and carrier pulse output status.
TMCYCn register can be read or written in 8-bit or 1-bit units. The NRZn bit is a read-only bit.
After reset, TMCYCn is cleared to O0H.

Remark n=0,1

After reset: O0OH R/W Address: TMCYCO FFFFF581H, TMCYC1 FFFFF591H
7 6 5 4 3 2 1 <0>
T™cYCn | 0 o | o | o | o |Rvcn |NRzBn | NRzn |
(n=0,1)
RMCn NRZBn Remote control output
0 0 Low-level output
0 1 High-level output
1 0 Low-level output
1 1 Carrier pulse output
NRZn Carrier pulse output status flag
0 Carrier output disabled status (low-level status)
1 Carrier output enable status

User's Manual U16891EJ1VOUD

339



CHAPTER 10 8-BIT TIMER H

10.4 Operation

10.4.1 Operation as interval timer/square wave output

When the count value of 8-bit timer counter Hn and the set value of the CMPnO register match, an interrupt request
signal (INTTMHDN) is generated and 8-bit timer counter Hn is cleared to OOH.

The CMPn1 register cannot be used in the interval timer mode. Even if the CMPn1 register is set, this has no
effect on the timer output because matches between 8-bit timer counter Hn and the CMPn1 register are not detected.

A square wave of the desired frequency (duty = 50%) is output from the TOHn pin, by setting the TMHMDn.TOENnN
bit to 1.

(1) Usage method
The INTTMHn signal is repeatedly generated in the same interval.

<1> Set each register.

Figure 10-2. Register Settings in Interval Timer Mode

(i) 8-bit timer H mode register n (TMHMDn) settings

TMHEn CKSHn2 CKSHnl CKSHnO0 TMMDnl TMMDnO TOLEVn TOENn

TMHMDnl 0 ‘ o1 ‘ o ‘ 0/1‘ 0 ‘ 0 ‘ o1 ‘ 0/1|

L L

Sets timer output

Sets timer output level inversion

Sets interval timer mode

Selects count clock (fent)

Stops count operation

(i) CMPNO register settings
e Compare value (N)

<2> When the TMHERN bit is set to 1, counting starts.
<3> When the count value of 8-bit timer counter Hn and the set value of the CMPnO register match, the
INTTMHn signal is generated and 8-bit timer counter Hn is cleared to O0H.

Interval time = (N + 1)/fenT

<4> Then, the INTTMHn signal is generated in the same interval. To stop the count operation, clear the
TMHER bit to 0.
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(2) Timing chart
The timing in the interval timer mode is as follows.

Figure 10-3. Timing of Interval Timer/Square Wave Output Operation (1/2)

Basic operation

Count clock __m

Count start
8-bit timer counter o0oH Y 01H N 00H 01H N oont YoinYoor
Hn count value X X It X X X ( X .
Clear Clear
CMPNO N

TMHEN

INTTMHn . | |

)

Interval time
(¢
TOHN .
<1> <2> <2> <3>
Level inversion, Level inversion,
match interrupt occurrence, match interrupt occurrence,
8-bit timer counter clear 8-bit timer counter clear

<1> When the TMHER bit is set to 1, the count operation is enabled. The count clock starts counting no more
than one clock after operation has been enabled.

<2> When the count value of 8-bit timer counter Hn and the set value of the CMPnO register match, the value
of 8-bit timer counter Hn is cleared, the TOHnN output level is inverted, and the INTTMHn signal is output.

<3> The INTTMHn signal and TOHn output become inactive when the TMHER bit is cleared to 0 during 8-bit
timer Hn operation. If the level is already inactive, it remains unchanged.

Remark n=0,1
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Figure 10-3. Timing of Interval Timer/Square Wave Output Operation (2/2)

Operation when CMPnO = FFH

Count clock | | | |

Count start

8-bit timer counter
Hn count value OOHX O1H X

X FEH X FFH

Clear Clear
CMPRO ( FFH )
TMHEnN _ ’ {
INTTMHN B | | ) | |
TOHnN

Operation when CMPnO = O0H

Count clock

Count start

Interval time

8-bit timer counter

Hn count value O0H
CMPNO 0OH
TMHEnN

INTTMHRN
TOHN

Interval time

Remark n=0,1
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10.4.2 PWM output mode operation

In the PWM output mode, a pulse of any duty and cycle can be output.
The CMPnO register controls the timer output (TOHN) cycle. Rewriting the CMPnO register during timer operation
is prohibited.
The CMPn1 register controls the timer output (TOHN) duty. The CMPn1 register can be rewritten during timer

operation.

The operation in the PWM output mode is as follows.

After timer counting starts, when the count value of 8-bit timer counter Hn and the set value of the CMPnO register

match, the TOHn output becomes active and 8-bit timer counter Hn is cleared to OOH. When the count value of 8-bit

timer counter Hn and the set value of the CMPn1 register match, TOHn output becomes inactive.

(1) Usage method
In the PWM output mode, a pulse of any duty and cycle can be output.

<1> Set each register.

Figure 10-4. Register Settings in PWM Output Mode

@)

8-bit timer H mode register n (TMHMDn) settings

TMHEn CKSHn2 CKSHnl CKSHnO TMMDnl TMMDnO TOLEVn

TOENN

TMHMDnl 0 \ /1 \ 0/ \ 0/1\ 1 \ 0 \ 0/1\

L]

L]

B

(i) CMPNO register setting

e Compare value (N): Sets cycle

(i) CMPnN1 register setting

e Compare value (M):

Remarks 1. n=0, 1

Sets duty

2. 00H £ CMPn1 (M) < CMPnO (N) < FFH

Enables timer output

Sets timer output level inversion

Selects PWM output mode
Selects count clock (fenr)

Stops count operation

<2> When the TMHER bit is set to 1, counting starts.
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344

<3>

<4>

<5>

<6>

After the count operation is enabled, the first compare register to be compared is the CMPnO register.
When the count value of 8-bit timer counter Hn and the set value of the CMPnO register match, 8-bit
timer counter Hn is cleared, an interrupt request signal (INTTMHnN) is generated, and the TOHn output
becomes active. At the same time, the register that is compared with 8-bit timer counter Hn changes
from the CMPnNO register to the CMPn1 register.

When the count value of 8-bit timer counter Hn and the set value of the CMPn1 register match, the
TOHN output becomes inactive, and at the same time the register that is compared with 8-bit timer
counter Hn changes from the CMPn1 register to the CMPnO register. At this time, 8-bit timer counter Hn
is not cleared and the INTTMHn signal is not generated.

A pulse of any duty can be obtained through the repetition of steps <3> and <4> above.

To stop the count operation, clear the TMHER bit to O.

Designating the set value of the CMPnO register as (N), the set value of the CMPn1 register as (M), and the

count clock frequency as fent, the PWM pulse output cycle and duty are as follows.

PWM pulse output cycle = (N + 1)/fent
Duty = inactive width: Active width = (M + 1) : (N + 1)

Cautions 1. In the PWM output mode, three operating clocks (signhal selected by CKSHn0 to CKSHn2

bits) are required for actual transfer of the new value to the register after the CMPn1
register has been rewritten.

2. Be sure to set the CMPn1 register when starting the timer count operation (TMHEN bit =
1) after the timer count operation was stopped (TMHEn bit = 0) (be sure to set again
even if setting the same value to the CMPn1 register).
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(2) Timing chart
The operation timing in the PWM output mode is as follows.

Caution The set value (M) of the CMPn1 register and the set value (N) of the CMPnO register must
always be set within the following range.

00H < CMPn1 (M) < CMPNO (N) < FFH

Figure 10-5. Operation Timing in PWM Output Mode (1/4)

Basic operation

Count clock

8-bit timer counter "~
00H
Hn count value _

CMPNO A5H

CMPn1 01H

TMHEN

INTTMHnN

)T T

TOHN
(TOLEVn = 0) ' (

<1>

<2>

TOHnN

<3>

(

<4>

)T

(TOLEVn = 1)

<1> When the TMHER bit is set to 1, counting starts. At this time TOHn output stays inactive (TOLEVn bit =
0).

<2> When the count value of 8-bit timer counter Hn and the set value of the CMPnO register match, the TOHn
output level is inverted, 8-bit timer counter Hn is cleared, and the INTTMHn signal is output.

<3> When the count value of 8-bit timer counter Hn and the set value of the CMPn1 register match, the TOHn
output level is inverted. At this time, the value of 8-hit timer counter Hn is not cleared and the INTTMHnN
signal is not output.

<4> When the TMHERN bit is cleared to O during 8-bit timer Hn operation, the INTTMHn signal and TOHn
output becomes inactive.

Remark n=0,1
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Figure 10-5. Operation Timing in PWM Output Mode (2/4)

Operation when CMPnO = FFH, CMPn1 = O0OH

Count clock

8-bit timer counter
Hn count value

CMPNO

CMPnl

TMHEN

INTTMHnN

TOHN
(TOLEVn = 0)

L

__00H ' ’

00H

(.

)T

( (

(.

OT

(

)T

)

(.

Operation when CMPnO = FFH, CMPn1 = FEH

Count clock

8-bit timer counter
Hn count value

CMPNO

CMPn1

TMHEN

INTTMHRN

TOHN
(TOLEVn = 0)

L

)T

(FErKEFHX oo

Remark n=0,1
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Figure 10-5. Operation Timing in PWM Output Mode (3/4)

Operation when CMPn0 = 01H, CMPn1 = O0H

Count clock

8-bit timer counter —__

Hn count value 00H

CMPNO 01H

CMPn1 O0H

TMHEn |_

INTTMHRN

TOHN
(TOLEVn = 0) 5

Remark n=0,1
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Figure 10-5. Operation Timing in PWM Output Mode (4/4)

Operation based on CMPn1 transitions (CMPnl1 = 01H - 03H, CMPnO = A5H)

Count clock

(TOLEVn = 0) T

<1>

<2>

<3>

<4>

<5>

<6>

INTTMHN

CMPNO A5H

CMPn1 01H :X 01H (03H) 03H

TMHEN

TOHN

<1> <3> <4> <5> <6>

When the TMHER bit is set to 1, counting starts. At this time, the TOHn output remains inactive (TOLEVnN
bit = 0).

The set value of the CMPn1l register can be changed during count operation. This operation is
asynchronous to the count clock.

When the count value of 8-bit timer counter Hn and the set value of the CMPnO register match, 8-bit timer
counter Hn is cleared, the TOHnN output becomes active, and the INTTMHn signal is generated.

Even if the value of the CMPn1 register is changed, that value is latched and not transferred to the
register. When the count value of 8-bit timer counter Hn and the set value of the CMPn1 register prior to
the change match, the changed value is transferred to the CMPn1 register and the value of the CMPn1
register is changed (<2>’).

However, three or more count clocks are required from the time the value of the CMPn1 register is
changed until it is transferred to the register. Even if a match signal is generated within three count
clocks, the changed value cannot be transferred to the register.

When the count value of 8-bit timer counter Hn matches the changed set value of the CMPn1 register,
the TOHnN output becomes inactive. 8-bit timer counter Hn is not cleared and the INTTMHn signal is not
generated.

When the TMHER bit is cleared to O during 8-bit timer Hn operation, the INTTMHn signal and TOHnN
output become inactive.
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10.4.3 Carrier generator mode operation

The carrier clock generated by 8-bit timer Hn is output using the cycle set with 8-bit timer/event counter 5n.

In the carrier generator mode, 8-bit timer/event counter 5n is used to control the extent to which the carrier pulse of

8-bit timer Hn is output, and the carrier pulse is output from the TOHn output.

(1) Carrier generation

In the carrier generator mode, the CMPNO register generates a waveform with the low-level width of the carrier

pulse and the CMPnl1 register generates a waveform with the high-level width of the carrier pulse.

During 8-bit timer Hn operation, the CMPn1 register can be rewritten, but rewriting of the CMPnO register is

prohibited.

(2) Carrier output control

Carrier output control is performed with the interrupt request signal (INTTM5n) of 8-bit timer/event counter 5n

and the TMCYCn.NRZBn and TMCYCn.RMCn bits. The output relationships are as follows.

RMCn Bit NRZBn Bit Output
0 0 Low level output
0 1 High level output
1 0 Low level output
1 1 Carrier pulse output

Remark n=0,1
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To control carrier pulse output during count operation, the TMCYCn.NRZn and TMCYCn.NRZBn bits have a
master and slave bit configuration. The NRZn bit is read-only while the NRZBn bit can be read and written.
The INTTM5n signal is synchronized with the 8-bit timer Hn clock and output as the INTTM5HnN signal. The
INTTM5HN signal becomes the data transfer signal of the NRZn bit and the value of the NRZBn bit is
transferred to the NRZn bit. The transfer timing from the NRZBn bit to the NRZn bit is as follows.

Figure 10-6. Transfer Timing

TMHEn |

8-bit timer Hn count clock | | l | | | | | | | | | | | l | l | | |
INTTM5n _,_'_Tl

INTTM5Hn | | | |
<1> ! !
NRZn 0 X 1 X 0
/22> ///
NRZBn 1 X 0 X 1

RMCn _|

<1> The INTTMb5n signal is synchronized with the count clock of 8-bit timer Hn and is output as the
INTTM5HnN signal.

<2> The value of the NRZBn bit is transferred to the NRZn bit at the second clock from the rising edge of
the INTTM5Hn signal.

Cautions 1. Do not rewrite the NRZBn bit again until at least the second clock after it has been
rewritten, or else transfer from the NRZBn bit to the NRZn bit is not guaranteed.
2. When using 8-bit timer/event counter 5n in the carrier generator mode, an interrupt
occurs at the timing of <1>. An interrupt occurs at a different timing when it is used
in other than the carrier generator mode.

Remark n=0,1
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(3) Usage method
Any carrier clock can be output from the TOHn pin.

<1> Set each register.

Figure 10-7. Register Settings in Carrier Generator Mode

« 8-bit timer H mode register n (TMHMDn)

TMHEn CKSHn2 CKSHnl CKSHnO TMMDnl TMMDnO TOLEVn TOENnN

TMHMDnl 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 1 ‘ 0/1 ‘ 1 |

| | L] L

——— Sets timer output level inversion

Enables timer output

Selects carrier generator mode

Selects count clock (fent)

Stops count operation

¢ CMPNO register: Compare value
e CMPnN1 register: Compare value
« TMCYCn register: RMCn =1 ... Remote control output enable bit

NRZBn = 0/1 ... Carrier output enable bit
e TCL5n, TMC5n registers: Refer to 9.3 Registers.

Remark n=0,1

<2> When the TMHER bit is set to 1, 8-bit timer Hn count operation starts.

<3> When the TMC5n.TCESn bit is set to 1, 8-bit timer/event counter 5n count operation starts.

<4> After the count operation is enabled, the first compare register to be compared is the CMPnO register.
When the count value of 8-bit timer counter Hn and the set value of the CMPnNO register match, the
INTTMHn signal is generated, 8-bit timer counter Hn is cleared, and at the same time, the register that is
compared with 8-bit timer counter Hn changes from the CMPnNO register to the CMPn1 register.

<5> When the count value of 8-bit timer counter Hn and the set value of the CMPn1 register match, the
INTTMHn signal is generated, 8-bit timer counter Hn is cleared, and at the same time, the register that is
compared with 8-bit timer counter Hn changes from the CMPn1 register to the CMPnO register.

<6> The carrier clock is obtained through the repetition of steps <4> and <5> above.

<7> The INTTM5n signal is synchronized with 8-bit timer Hn and output as the INTTM5Hn signal. This signal
becomes the data transfer signal of the NRZBn bit and the value of the NRZBn bit is transferred to the
NRZn bit.

<8> When the NRZn bit becomes high level, the carrier clock is output from the TOHn pin.

<9> Any carrier clock can be obtained through the repetition of the above steps. To stop the count operation,
clear the TMHER bit to 0.
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(4)
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Designating the set value of the CMPnO register as (N), the set value of the CMPn1 register as (M), and the
count clock frequency as fenr, the carrier clock output cycle and duty are as follows.

Carrier clock output cycle = (N + M + 2)/fent
Duty = High level width: Carrier clock output width = (M + 1) : (N + M + 2)

Caution Be sure to set the CMPn1 register when starting the timer count operation (TMHEnN bit = 1)
after the timer count operation was stopped (TMHEn bit = 0) (be sure to set again even if
setting the same value to the CMPn1 register).

Timing chart
The carrier output control timing is as follows.

Cautions 1. Set the values of the CMPn0 and CMPn1 registers in the range of 01H to FFH.

2. In the carrier generator mode, three operating clocks (signal selected by the
TMHMDn.CKSHNO to TMHMDn.CKSHN2 bits) are required for actual transfer of the new
value to the register after the CMPn1 register has been rewritten.

3. Be sure to perform the TMCYCn.RMCn bit setting before the start of the count operation.

4. When using the carrier generator mode, set the 8-bit timer Hn count clock frequency to
six times the 8-bit timer/event counter 5n count clock frequency or higher.
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Figure 10-8. Carrier Generator Mode (1/3)
Operation when CMPn0 = N, CMPn1 = N is set

8-bit timer Hn count clock

8-bit timer counter

JL
Hn count value 00RO X0 XN XEoEC, X XooRC, XN Xaom X XeoRC X
CMPNO < ‘ N j ‘

CMPN1

I

5 —
TMHEn |

I

INTTMHnN

<4>
<1><2>
Carrierclock |

8-bit timer 5n count clock | | | | |

TM5n count value

00HX01H) L_X00HX01H) L 01H
CR5n .
TCESn | '
INTTMSn
INTTMS5Hn : ,
NRzBn 0 X T 0 X 1 X 0
S |
NRZn q 1 0 1 0
carrer ook __ LML LML UMM UL L L LU

TOHn ) Lt <7> ML

<1> When the TMHER bit = 0 and the TCE5n bit = 0, the operation of 8-bit timer Hn is stopped.
time.

<2> When the TMHER bit is set to 1, 8-bit timer Hn starts counting. The carrier clock is maintained inactive at this

<3>When the count value of 8-bit timer counter Hn and the set value of the CMPnO register match, the first
INTTMHn signal is generated, the carrier clock signal is inverted, and the register that is compared with 8-bit
to OOH.

timer counter Hn changes from the CMPnO register to the CMPn1 register. 8-bit timer counter Hn is cleared

<4> When the count value of 8-bit timer counter Hn and the set value of the CMPn1 register match, the INTTMHnN

signal is generated, the carrier clock signal is inverted, and the register that is compared with 8-bit timer
counter Hn changes from the CMPn1 register to the CMPnO register. 8-bit timer counter Hn is cleared to O0H.
A carrier clock with a duty of 50% is generated through the repetition of steps <3> and <4>.
<5> The INTTM5n signal is synchronized with 8-bit timer Hn and output as the INTTM5Hn signal.

transferred to the NRZn bit.

<6> The INTTM5Hn signal becomes the data transfer signal of the NRZBn bit, and the value of the NRZBn bit is
Remark n=0,1

<7> The TOHn output is made low level by clearing the NRZn bit = 0.
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Figure 10-8. Carrier Generator Mode (2/3)

Operation when CMPn0O = N, CMPnl = M is set

8-bit timer Hn count clock
8-bit timer counter
Hn count value Ex: (N _X00HX01HX X M X00HX . X N X00HX01HX X M X00HX. X N X00H
N .

CMPNO
CMPn1 M
TMHEn |
INTTMHN
<3> <4>
<1><2>

Carrierclock |

8-bit timer 5n count clock | | | | |

00HX01H)

TM5n count value

CR5n

TCE5Sn ]

INTTM5n

INTTM5HN

NRzBn 0 X 1

q

NRZn

X

1

Carrier clock | 1L U UL
TOHN <?>—|J—L <7> .

<1> When the TMHER bit = 0 and the TCE5n bit = 0, the operation of 8-bit timer Hn is stopped
<2>When the TMHER bit is set to 1, 8-bit timer Hn starts counting. The carrier clock is maintained inactive at this

la-| -~}

:

time.
<3> When the count value of 8-bit timer counter Hn and the set value of the CMPnO register match, the first
INTTMHn signal is generated, the carrier clock signal is inverted, and the register that is compared with 8-bit
timer counter Hn changes from the CMPnO register to the CMPn1 register. 8-bit timer counter Hn is cleared

to OOH.
<4> When the count value of 8-bit timer counter Hn and the set value of the CMPn1 register match, the INTTMHn
signal is generated, the carrier clock signal is inverted, and the register that is compared with 8-bit timer
counter Hn changes from the CMPn1 register to the CMPnO register. 8-bit timer counter Hn is cleared to O0H.

A carrier clock with a fixed duty (other than 50%) is generated through the repetition of steps <3> and <4>.
This signal is synchronized with 8-bit timer Hn and output as the

<5>The INTTM5n signal is generated.
INTTM5HnN signal.
<6> The carrier is output from the rising edge of the first carrier clock by setting the NRZn bit = 1.

<7> By setting the NRZn bit = 0, the TOHn output is also maintained high level while the carrier clock is high level,
and does not change to low level (the high level width of the carrier waveform is guaranteed through steps

<6> and <7>).

Remark n=0,1
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Figure 10-8. Carrier Generator Mode (3/3)

Operation based on CMPn1 transitions

8-bit timer Hn count clock

i countvatue XXz Yoororn) (N Noorfor) oor

CMPNO ( ( N |
<3> <3>’
e\ """ DAREEEEEEE ; <
CMPn1 M ML) X (
TMHEN

INTTMHnN | | |
I I ¢

<2> . <4> . <5>

Carrier clock <1>

<1> When the TMHER bit is set to 1, counting starts. The carrier clock is maintained inactive at this time.

<2>When the count value of 8-bit timer counter Hn and the set value of the CMPnO register match, 8-bit timer
counter Hn is cleared to OOH and the INTTMHn signal is output.

<3> The CMPn1 register can be rewritten during 8-bit timer Hn operation, but the changed value (L) is latched.
The value of the CMPn1 register is changed when the count value of 8-bit timer counter Hn and the value of
the CMPnl1 register prior to the change (M) match (<3>").

<4> When the count value of 8-bit timer counter Hn and the value (M) of the CMPn1 register match, the INTTMHnN
signal is output, the carrier signal is inverted, and 8-bit timer counter Hn is cleared to OOH.

<5> The timing at which the count value of 8-bit timer counter Hn and the value of the CMPnl register match
again is the changed value (L).

Remark n=0,1
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The V850ES/KF1 includes interval timer BRG and a watch timer. Interval timer BRG can also be used as the
source clock of the watch timer. The watch timer can also be used as interval timer WT.
Two interval timer channels and one watch timer channel can be used at the same time.

11.1 Interval Timer BRG

11.1.1 Functions
Interval timer BRG has the following functions.

* Interval timer BRG: An interrupt request signal (INTBRG) is generated at a specified
interval.

* Generation of count clock for watch timer: When the main clock is used as the count clock for the watch timer,
a count clock (ferc) is generated.
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11.1.2 Configuration
The following shows the block diagram of interval timer BRG.

Figure 11-1. Block Diagram of Interval Timer BRG

i Clock 3-bit
control prescaler
x/8
fx/4 S INTBRG
= | f .
2 | 8 Bees 8-bit counter
fx %
Clear U Match Output| fsrs _ Count clock
ﬁ control for watch timer
2 PRSCM register
] [
1
[ BacE | ToDIS | BGCS1 | BGCSO |
@ PRSM register
8 Internal bus 8
Remark fx: Main clock oscillation frequency
faccs: Interval timer BRG count clock frequency
fera: Watch timer count clock frequency
INTBRG: Interval timer BRG interrupt request signal

(1) Clock control
The clock control controls supply/stop of the operation clock of interval timer BRG.

(2) 3-bit prescaler
The 3-bit prescaler divides fx to generate fx/2, fx/4, and fx/8.

(3) Selector
The selector selects the count clock (feccs) for interval timer BRG from fx, fx/2, fx/4, and fx/8.

(4) 8-bit counter
The 8-bit counter counts the count clock (feccs).

(5) Output control
The output control controls supply of the count clock (fsrc) for the watch timer.

(6) PRSCM register
The PRSCM register is an 8-bit compare register that sets the interval time.

(7) PRSM register

The PRSM register controls the operation of interval timer BRG, the selector, and clock supply to the watch
timer.
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11.1.3 Registers
Interval timer BRG includes the following registers.

(1) Interval timer BRG mode register (PRSM)
PRSM controls the operation of interval timer BRG, selection of count clock, and clock supply to the watch
timer.
This register can be read or written in 8-bit or 1-bit units.
After reset, PRSM is cleared to O0H.

After reset: 00H R/IW Address: FFFFF8BOH

7 6 5 <4> 3 2 1 0
PRsM [ o | o | o |Bece| o | Topis |Baest | Baeso |
BGCE Control of interval timer operation
0 Operation stopped, 8-bit counter cleared to 01H
1 Operate
TODIS Control of clock supply for watch timer
0 Clock for watch timer supplied
1 Clock for watch timer not supplied
BGCS1 | BGCSO0 Selection of input clock (fsscs)*'®
10 MHz 5 MHz 4 MHz
0 0 fx 100 ns 200 ns 250 ns
0 1 x/2 200 ns 400 ns 500 ns
1 0 fx/4 400 ns 800 ns 1 us
1 1 fx/8 800 ns 1.6 us 2 us

Note Set these bits so that the following conditions are satisfied.
Vop = 4.0t0 5.5 V: feccs < 10 MHz
Vop = 2.7 10 4.0 V: feecs < 5 MHz

Cautions 1. Do not change the values of the TODIS, BGCS1, and
BGCSO0 bits while interval timer BRG is operating (BGCE
bit = 1). Set the TODIS, BGCS1, and BGCSO0 bits before
setting (1) the BGCE bit.

2. When the BGCE bit is cleared (to 0), the 8-bit counter is
cleared.
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(2) Interval timer BRG compare register (PRSCM)
PRSCM is an 8-bit compare register.
This register can be read or written in 8-bit units.
After reset, PRSCM is cleared to O0H.

After reset: 00H R/W Address: FFFFF8B1H

7 6 5 4 3 2 1 0
PRSCM | PRSCM7| PRSCM6 | PRSCMS | PRSCM4 | PRSCM3 | PRSCM2 | PRSCML | PRSCMO |

Caution Do not rewrite the PRSCM register while interval timer BRG is
operating (PRSM.BGCE bit = 1). Set the PRSCM register
before setting (1) the BGCE bit.
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11.1.4 Operation

M

)

360

Operation of interval timer BRG

Set the count clock by using the BGCS1 and BGCSO0 bits of PRSM and the 8-bit compare value by using the
PRSCM register.

When the PRSM.BGCE bit is set (1), interval timer BRG starts operating.

Each time the count value of the 8-bit counter and the set value in the PRSCM register match, an interrupt
request signal (INTBRG) is generated. At the same time, the 8-bit counter is cleared to 00H and counting is
continued.

The interval time can be obtained from the following equation.

Interval time = 2™ x N/fx

Remark m: Division value (set values of BGCS1 and BGCSO bits) = 0to 3
N: Set value in PRSCM register = 1 to 256 (when the set value in the PRSCM register is 00H,
N = 256)
fx:  Main clock oscillation frequency

Count clock supply for watch timer

Set the count clock by using the BGCS1 and BGCSO0 bits of PRSM and the 8-bit compare value by using the
PRSCM register, so that the count clock frequency (fsra) of the watch timer is 32.768 kHz. Clear (0) the
PRSM.TODIS bit at the same time.

When the PRSM.BGCE bit is set (1), ferc is supplied to the watch timer.

fBra is obtained from the following equation.

fara = iX/(2™" x N)

To set ferc to 32.768 kHz, perform the following calculation to set the BGCS1 and BGCSO0 bits and the
PRSCM register.

<1> Set N = fx/65,536 (round off the decimal) to set m = 0.

<2> IfNiseven,N=N/2andm=m + 1

<3> Repeat step <2> until N is evenorm =3

<4> Set N to the PRSCM register and m to the BGCS1 and BGCSO bits.

Example: When fx = 4.00 MHz

<1> N =4,000,000/65,536 = 61 (round off the decimal), m =0

<2>, <3> Since N is odd, the values remainas N=61,m=0

<4> The set value in the PRSCM register: 3DH (61), the set values in the BGCS1 and BGCSO0
bits: 00

Remark m: Divided value (set value in the BGCS1 and BGCSO bits) =0 to 3
N: Set value in PRSCM register = 1 to 256 (when the set value in the PRSCM
register is 00H, N = 256)
fx:  Main clock oscillation frequency
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11.2 Watch Timer

11.2.1 Functions
The watch timer has the following functions.

« Watch timer: An interrupt request signal (INTWT) is generated at time intervals of 0.5 or 0.25 seconds by

using the main clock or subclock.
« Interval timer: An interrupt request signal (INTWTI) is generated at the preset time interval.

The watch timer and interval timer functions can be used at the same time.

11.2.2 Configuration
The following shows the block diagram of the watch timer.

Figure 11-2. Block Diagram of Watch Timer

5 s
Clear S 5-bit counter & = INTwT
fere = - © %
2 11-bit prescaler 2
3| fw
< Clear
fxr n funl 25w/ 28 [fuf 27 | fuel 28 |ful 210 /22 fu/2° 4
S
§ INTWTI
5]
)
3
[ wrv7 | wrmve | wrms | wrma | wrms | wimz | wims | wrwo |
Watch timer operation mode register
(WTM)
8 Internal bus 8
Remark fera: Frequency of count clock from interval timer BRG
fxT: Subclock frequency
fw: Watch timer clock frequency
INTWT: Watch timer interrupt request signal
INTWTI: Interval timer interrupt request signal

User's Manual U16891EJ1VOUD

361



CHAPTER 11 INTERVAL TIMER, WATCH TIMER

1)

)

©)

(4)

(®)

11-bit prescaler
The 11-bit prescaler generates a clock of fw/2 to fw/2" by dividing fw.

5-bit counter
The 5-bit counter generates the watch timer interrupt request signal (INTWT) at intervals of 2*/fw, 2°/fw, 2%/fw,
or 2"fiw by counting fw or fw/2°.

Selectors
The watch timer has the following four selectors.

» Selector that selects the main clock (the clock from interval timer BRG (fsrs)) or the subclock (fxt) as the
clock for the watch timer.

+ Selector that selects fw or fw/2° as the count clock frequency of the 5-bit counter

+ Selector that selects 2*/fw or 2°%fw, or 2°/fw or 2*/fw as the INTWT signal generation time interval.

» Selector that selects the generation time interval of the interval timer WT interrupt request signal (INTWTI)
from 2'/fw to 2"/fw.

8-bit counter
The 8-bit counter counts the count clock (fsccs).

WTM register
The WTM register is an 8-bit register that controls the operation of the watch timer/interval timer WT and sets
the interval of interrupt request signal generation.

11.2.3 Registers
The watch timer includes the following register.

1)

362

Watch timer operation mode register (WTM)

This register enables or disables the count clock and operation of the watch timer, sets the interval time of the
11-bit prescaler, controls the operation of the 5-bit counter, and sets the timer of watch timer interrupt request
signal (INTWT) generation.

The WTM register can be read or written in 8-bit or 1-bit units.

After reset, WTM is cleared to O0H.
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After reset: 00H

7

R/W

6

Address: FFFFF680H

5

4

3 2 <1> <0>

WTM | WTM7 ‘ WTM6 ‘ WTM5 ‘ WTM4 ‘ WTM3 ‘ WTM2 ‘ WTM1 ‘ WTMO |

WTM7 | WTM6 | WTM5 | WTM4 Selection of interval time of prescaler
0 0 0 0 2%/fw (488 us: fw = fxt)
0 0 0 1 25/fw (977 us: fw = fxt)
0 0 1 0 25/fw (1.95 ms: fw = fxr)
0 0 1 1 27/fw (3.91 ms: fw = fxr)
0 1 0 0 28/fw (7.81 ms: fw = fxr)
0 1 0 1 2%fw (15.6 ms: fw = fxr)
0 1 1 0 2%/fw (31.3 ms: fw = fxr)
0 1 1 1 2Wfw (62.5 ms: fw = fxr)
1 0 0 0 2%/fw (488 us: fw = ferac)
1 0 0 1 2%/fw (977 ps: fw = fara)
1 0 1 0 25/fw (1.95 ms: fw = fera)
1 0 1 1 27/fw (3.91 ms: fw = farc)
1 1 0 0 28/fw (7.81 ms: fw = ferc)
1 1 0 1 29w (15.6 ms: fw = farc)
1 1 1 0 2Y9/fw (31.3 ms: fw = ferc)
1 1 1 1 2Wfw (62.5 ms: fw = farc)
WTM7 | WTM3 | WTM2 Selection of set time of watch flag
0 0 0 2Y%ffw (0.5 s: fw = fx7)
0 0 1 28/fw (0.25 s: fw = fx1)
0 1 0 25/fw (977 ps: fw = fxr)
0 1 1 2%ffw (488 ps: fw = fxt)
1 0 0 2Y%/fw (0.5 s: fw = ferc)
1 0 1 28/fw (0.25 s: fw = fera)
1 1 0 25/fw (977 us: fw = fira)
1 1 1 2%/fw (488 us: fw = fare)
WTM1 Control of 5-bit counter operation
0 Clear after operation stops
1 Start
WTMO Watch timer operation enable
0 Stop operation (clear both prescaler and 5-bit counter)
1 Enable operation

Caution Rewrite the WTM2 to WTM7 bits while both the WTMO0 and WTML1 bits are 0.

Remarks 1. fw: Watch timer clock frequency
2. Values in parentheses apply when fw = 32.768 kHz
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11.2.4 Operation

(1) Operation as watch timer

)

The watch timer generates an interrupt request at fixed time intervals. The watch timer operates using time

intervals of 0.25 or 0.5 seconds with the subclock (32.768 kHz).

The count operation starts when the WTM.WTMO and WTM.WTML1 bits are set to 11. When these bits are

cleared to 00, the 10-bit prescaler and 5-bit counter are cleared and the count operation stops.

The 5-bit counter can be cleared to synchronize the time by clearing the WTM1 bit to 0 when the watch timer
and interval timer WT operate simultaneously. At this time, an error of up to 15.6 ms may occur in the watch

timer, but interval timer WT is not affected.

Operation as interval timer

The watch timer can also be used as an interval timer that repeatedly generates an interrupt request signal

(INTWTI) at intervals specified by a count value set in advance.
The interval time can be selected by the WTM.WTM4 to WTM.WTM?7 bits.

Table 11-1. Interval Time of Interval Timer

WTM7 WTM6 WTM5 WTM4 Interval Time

0 0 0 0 2" x 1/fw 488 us (operating at fw = fxr = 32.768 kHz)

0 0 0 1 2° x 1/fw 977 us (operating at fw = fxr = 32.768 kHz)

0 0 1 0 2° x 1/fw 1.95 ms (operating at fw = fxr = 32.768 kHz)
0 0 1 1 27 x 1/fw 3.91 ms (operating at fw = fxr = 32.768 kHz)
0 1 0 0 2° x 1/fw 7.81 ms (operating at fw = fxr = 32.768 kHz)
0 1 0 1 2° x 1/fw 15.6 ms (operating at fw = fxr = 32.768 kHz)
0 1 1 0 2% x 1/fw 31.3 ms (operating at fw = fxr = 32.768 kHz)
0 1 1 1 2% x 1/fw 62.5 ms (operating at fw = fxr = 32.768 kHz)
1 0 0 0 2° x 1/fw 488 us (operating at fw = fsre = 32.768 kHz)
1 0 0 1 2° x 1/fw 977 us (operating at fw = fere = 32.768 kHz)
1 0 1 0 2° x 1/fw 1.95 ms (operating at fw = fsre = 32.768 kHz)
1 0 1 1 2" x 1/fw 3.91 ms (operating at fw = ferc = 32.768 kHz)
1 1 0 0 2° x 1/fw 7.81 ms (operating at fw = fsre = 32.768 kHz)
1 1 0 1 2° x 1/fw 15.6 ms (operating at fw = fere = 32.768 kHz)
1 1 1 0 2 x 1/fw 31.3 ms (operating at fw = fsre = 32.768 kHz)
1 1 1 1 2" x 1/fw 62.5 ms (operating at fw = fsre = 32.768 kHz)

Remark fw: Watch timer clock frequency

364

User's Manual U16891EJ1VOUD




CHAPTER 11 INTERVAL TIMER, WATCH TIMER

Figure 11-3. Operation Timing of Watch Timer/Interval Timer

5-bit counter

OH

Overflow Overflow
Start

Count clock |_|_|_|_|_|_|_|_
tvorfurt —— L L LT L T e

Watch timer interrupt
INTWT

Interrupt time of watch timer (0.5 s) | Interrupt time of watch timer (0.5 s)

Interval timer interrupt
INTWTI

Interval time (T) Interval time (T)

nT nT

Remarks 1. Assuming that the interrupt time of the watch timer is set to 0.5 seconds.
2. fw: Watch timer clock frequency
Values in parentheses apply when count clock fw = 32.768 kHz.
n: Number of interval timer WT operations
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11.3 Cautions

(1) Operation as watch timer
Some time is required before the first watch timer interrupt request (INTWT) is generated after operation is
enabled (WTM.WTM1 and WTM.WTMO bits = 11).

Figure 11-4. Example of Generation of Watch Timer Interrupt Request (INTWT) (When Interrupt Period = 0.5 s)

It takes 0.515625 (max.) seconds for the first INTWT to be generated (2° x 1/32768 = 0.015625 (max.) s longer).
INTWT is then generated every 0.5 seconds.

WTMO, WTM1

0.515625 s 05s 05s

INTWT

(2) When watch timer and interval timer BRG operate simultaneously
When using the subclock as the count clock for the watch timer, the interval time of interval timer BRG can be
set to any value. Changing the interval time does not affect the watch timer (before changing the interval time,
stop operation).
When using the main clock as the count clock for the watch timer, set the interval time of interval timer BRG to
approximately 65,536 Hz. Do not change this value.

(3) When interval timer BRG and interval timer WT operate simultaneously
When using the subclock as the count clock for interval timer WT, the interval times of interval timers BRG and
WT can be set to any values. They can also be changed later (before changing the value, stop operation).
When using the main clock as the count clock for interval timer WT, the interval time of interval timer BRG can
be set to any value, but cannot be changed later (it can be changed only when interval timer WT stops
operation). The interval time of interval timer WT can be set to x 2° to x 2*? of the set value of interval timer
BRG. It can also be changed later.

(4) When watch timer and interval timer WT operate simultaneously
The interval time of interval timer WT can be set to a value between 488 s and 62.5 ms. It cannot be
changed later.
Do not stop interval timer WT (clear (0) the WTM.WTMO bit) while the watch timer is operating. If the WTMO
bit is set (1) after it had been cleared (0), the watch timer will have a discrepancy of up to 0.5 or 0.25 seconds.

(5) When watch timer, interval timer BRG, and interval timer WT operate simultaneously
When using the subclock as the count clock for the watch timer, the interval times of interval timers BRG and
WT can be set to any values. The interval time of interval timer BRG can be changed later (before changing
the value, stop operation).
When using the main clock as the count clock for the watch timer, set the interval time of interval timer BRG to
approximately 65,536 Hz. It cannot be changed later. The interval time of interval timer WT can be set to a
value between 488 15 and 62.5 ms. It cannot be changed later.
Do not stop interval timer BRG (clear (0) the PRSM.BGCE bit) or interval timer WT (clear (0) the WTM.WTMO
bit) while the watch timer is operating.
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12.1 Watchdog Timer 1

12.1.1 Functions
Watchdog timer 1 has the following operation modes.

« Watchdog timer
¢ Interval timer

The following functions are realized from the above-listed operation modes.
« Generation of non-maskable interrupt request signal (INTWDTL1) upon overflow of watchdog timer 1"
* Generation of system reset signal (WDTRES1) upon overflow of watchdog timer 1

« Generation of maskable interrupt request signal (INTWDTM1) upon overflow of interval timer

Note For non-maskable interrupt servicing due to non-maskable interrupt request signal (INTWDT1, INTWDT2),
refer to 19.10 Cautions.

Remark Select whether to use watchdog timer 1 in the watchdog timer 1 mode or the interval timer mode with the
WDTM1 register.

Figure 12-1. Block Diagram of Watchdog Timer 1

8 Internal bus 8
Watchdog timer mode Watchdog timer clock
register 1 (WDTM1) selection register (WDCS)
[ Runt | woTmi4| wotwas | [ wocs2 | woest | wocso |
2 3
Clear L
21
fxw Prescaler bw/2
\ fxw/21®
fxw/218
fxw/217 5 — INTWDTM1
3] Output
R controller INTWDT1
pawi2s | @ -~ WDTRES1
fxw/214
fxw/213

Remark INTWDTML1: Request signal for maskable interrupt through watchdog timer 1 overflow
INTWDT1: Request signal for non-maskable interrupt through watchdog timer 1 overflow
WDTRESL1: Reset signal through watchdog timer 1 overflow
fxw = fx: Watchdog timer 1 clock frequency
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12.1.2 Configuration
Watchdog timer 1 consists of the following hardware.

Table 12-1. Configuration of Watchdog Timer 1

Item Configuration

Control register Watchdog timer clock selection register (WDCS)
Watchdog timer mode register 1 (WDTM1)

12.1.3 Registers
The registers that control watchdog timer 1 are as follows.

» Watchdog timer clock selection register (WDCS)
* Watchdog timer mode register 1 (WDTM1)

(1) Watchdog timer clock selection register (WDCS)
This register sets the overflow time of watchdog timer 1 and the interval timer.
The WDCS register can be read or written in 8-bit or 1-bit units.
After reset, WDCS is cleared to O0H.

After reset: 00H R/W Address: FFFFF6C1H

6 5 4 3 2 1 0
wocs [ o | o | o | o | o [wbcs2|wocst|wocso|
WDCS2 | WDCS1 | WDCSO0 Overflow time of watchdog timer 1/interval timer
fxw
4 MHz 5 MHz 10 MHz
0 0 0 28/fxw 2.048 ms | 1.638 ms 0.819 ms
0 0 1 2% /fxw 4.096 ms 3.277 ms 1.638 ms
0 1 0 28/fxw 8.192ms | 6.554 ms 3.277 ms
0 1 1 2%6/fxw 16.38ms | 13.11ms 6.554 ms
1 0 0 2V ffxw 32.77ms | 26.21ms 13.11 ms
1 0 1 2%8/fxw 65.54 ms 52.43 ms 26.2 ms
1 1 0 28/fxw 131.1ms | 104.9 ms 52.43 ms
1 1 1 22 fxw 524.3ms | 419.4ms 209.7 ms

Remark fxw = fx: Watchdog timer 1 clock frequency
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(2) Watchdog timer mode register 1 (WDTM1)
This register sets the watchdog timer 1 operation mode and enables/disables count operations.
This register is a special register that can be written only in a special sequence (refer to 3.4.7 Special
registers).
The WDTML1 register can be read or written in 8-bit or 1-bit units.
After reset, WDTML1 is cleared to O0H.

Caution When the main clock is stopped and the CPU is operating on the subclock, do not access
the WDTML1 register using an access method that causes a wait.
For details, refer to 3.4.8 (2).

After reset: 00H R/W Address: FFFFF6C2H

<7> 6 5 4 3 2 1 0
WDTM1 | RUN1 ‘ 0 ‘ 0 ‘WDTM14 ‘ WDTM13‘ 0 ‘ 0 ‘ 0 |
RUN1 Selection of operation mode of watchdog timer 1N *

0 Stop counting

1 Clear counter and start counting

WDTM14| WDTM13 | Selection of operation mode of watchdog timer 1Nt 2

0 0 Interval timer mode
0 1 (Upon overflow, maskable interrupt INTWDTML1 is generated.)

1 0 Watchdog timer mode 1M¢3
(Upon overflow, non-maskable interrupt INTWDT1 is generated.)

Watchdog timer mode 2
(Upon overflow, reset operation WDTRESL is started.)

Notes 1. Once the RUNL bit is set (to 1), it cannot be cleared (to 0) by software.
Therefore, when counting is started, it cannot be stopped except reset.
2. Once the WDTM13 and WDTM14 bits are set (to 1), they cannot be cleared (to 0) by software and
can be cleared only by reset.
3. For non-maskable interrupt servicing due to non-maskable interrupt request signal (INTWDT1),
refer to 19.10 Cautions.

User's Manual U16891EJ1VOUD 369



CHAPTER 12 WATCHDOG TIMER FUNCTIONS

12.1.4 Operation

(1) Operation as watchdog timer 1

370

Watchdog timer 1 operation to detect a program loop is selected by setting the WDTM1.WDTM14 bit to 1.

The count clock (program loop detection time interval) of watchdog timer 1 can be selected using the
WDCS.WDCSO0 to WDCS.WDCS2 bits. The count operation is started by setting the WDTM1.RUNZ1 bit to 1.
When, after the count operation is started, the RUN1 bit is again set to 1 within the set program loop detection
time interval, watchdog timer 1 is cleared and the count operation starts again.

If the program loop detection time is exceeded without RUN1 bit being set to 1, reset signal (WDTRES1)
through the value of the WDTM1.WDTM13 bit or a non-maskable interrupt request signal (INTWDT1) is
generated.

The count operation of watchdog timer 1 stops in the STOP mode and IDLE mode. Set the RUN1 bit to 1
before the STOP mode or IDLE mode is entered in order to clear watchdog timer 1.

Because watchdog timer 1 operates in the HALT mode, make sure that an overflow will not occur during HALT.

Cautions 1. When the subclock is selected for the CPU clock, the count operation of watchdog timer
1is stopped (the value of watchdog timer 1 is maintained).

2. For non-maskable interrupt servicing due to the INTWDT1 signal, refer to 19.10 Cautions.

Table 12-2. Program Loop Detection Time of Watchdog Timer 1

Clock Program Loop Detection Time
fxw = 4 MHz fxw =5 MHz fxw = 10 MHz
25 fxw 2.048 ms 1.638 ms 0.819 ms
24 fxw 4.096 ms 3.277 ms 1.683 ms
2"fxw 8.192 ms 6.554 ms 3.277ms
2% /fxw 16.38 ms 13.11ms 6.554 ms
2V ffxw 32.77 ms 26.21 ms 13.11 ms
2 fxw 65.54 ms 52.43 ms 26.21 ms
2%/fxw 131.1 ms 104.9 ms 52.43 ms
2% fxw 524.3 ms 419.4 ms 209.7 ms

Remark fxw = fx: Watchdog timer 1 clock frequency
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(2) Operation as interval timer

Watchdog timer 1 can be made to operate as an interval timer that repeatedly generates interrupts using the

count value set in advance as the interval, by clearing the WDTM1.WDTM14 bit to 0.

When watchdog timer 1 operates as an interval timer, the interrupt mask flag (WDTMK) and priority

specification flags (WDTPRO to WDTPR2) of the WDTIC register are valid and maskable interrupt request
signals (INTWDTM1) can be generated. The default priority of the INTWDTML1 signal is set to the highest

level among the maskable interrupt request signals.

The interval timer continues to operate in the HALT mode, but it stops operating in the STOP mode and the

IDLE mode.

Cautions 1. Once the WDTM14 bit is set to 1 (thereby selecting the watchdog timer 1 mode), the

interval timer mode is not entered as long as reset is not performed.

2. When the subclock is selected for the CPU clock, the count operation of the watchdog

timer 1 stops (the value of the watchdog timer is maintained).

Table 12-3. Interval Time of Interval Timer

Clock Interval Time
fxw = 4 MHz fxw = 5 MHz fxw = 10 MHz
25 /fxw 2.048 ms 1.638 ms 0.819 ms
2% ffxw 4.096 ms 3.277ms 1.638 ms
25 /fxw 8.192 ms 6.554 ms 3.277 ms
2% fxw 16.38 ms 13.11 ms 6.554 ms
2 [fxw 32.77 ms 26.21 ms 13.11 ms
2% fxw 65.54 ms 52.43 ms 26.21 ms
2 fxw 131.1 ms 104.9 ms 52.43 ms
2% fxw 524.3 ms 419.4 ms 209.7 ms

Remark fxw = fx: Watchdog timer 1 clock frequency
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12.2 Watchdog Timer 2

12.2.1 Functions
Watchdog timer 2 has the following functions.
+ Default start watchdog timer">*
- Reset mode: Reset operation upon overflow of watchdog timer 2 (generation of WDTRES2 signal)
- Non-maskable interrupt request mode: NMI operation upon overflow of watchdog timer 2 (generation of
INTWDT2 signal)™*?
» Input selectable from main clock and subclock as the source clock

Notes 1. Watchdog timer 2 automatically starts in the reset mode following reset release.
When watchdog timer 2 is not used, either stop its operation before reset is executed through this
function, or clear once watchdog timer 2 and stop it within the next interval time.
Also, write to the WDTM2 register for verification purposes only once, even if the default settings
(reset mode, interval time: fxx/2”°) need not be changed.
2. For non-maskable interrupt servicing due to a non-maskable interrupt request signal (INTWDT2),
refer to 19.10 Cautions.

Figure 12-2. Block Diagram of Watchdog Timer 2

fxx/2° —=| Clock _ |x/28 to fxx/225 INTWDT2
; 16-bit |—— Output
Input /] Selector controller
fxt ~| controller counter [ . WDTRES2 .
£1/29 to fxr/216 (internal reset signal)
2

f Clear \{37 3

Watchdog timer enable | [0 |WDM21]WDM20 WDCS24|WDCS23WDCS22WDCS21WDCS20)
register (WDTE) Watchdog timer mode
register 2 (WDTM2)
2 Internal bus 2
Remark fxx: Main clock frequency
fxr: Subclock frequency

INTWDT2: Non-maskable interrupt request signal through watchdog timer 2
WDTRES2: Watchdog timer 2 reset signal
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12.2.2 Configuration
Watchdog timer 2 consists of the following hardware.

Table 12-4. Configuration of Watchdog Timer 2

Item Configuration

Control register Watchdog timer mode register 2 (WDTM2)
Watchdog timer enable register (WDTE)

12.2.3 Registers

(1) Watchdog timer mode register 2 (WDTM2)
This register sets the overflow time and operation clock of watchdog timer 2.
The WDTM2 register can be read or written in 8-bit units. This register can be read any number of times, but it
can be written only once following reset release.
After reset, WDTM2 is set to 67H.

Caution When the main clock is stopped and the CPU is operating on the subclock, do not access
the WDTM2 register using an access method that causes a wait.
For details, refer to 3.4.8 (2).

After reset: 67H R/W Address: FFFFF6DOH

7 6 5 4 3 2 1 0
wotM2 | 0 | wbm21 | wbmzo |wbcs2a| woes2s|wbes2z [wbes2i |woes2o|
WDM21 | WDM20 Selection of operation mode of watchdog timer 2

0 0 Stops operation
0 1 Non-maskable interrupt request mode (generation of INTWDT2)
1 - Reset mode (generation of WDTRES2)

Cautions 1. To stop the operation of watchdog timer 2, write “1FH" to the WDTM2 register.
2. For details about bits WDCSO0 to WDCS4, refer to Table 12-5 Watchdog Timer 2 Clock
Selection.
3. If the WDTM2 register is written twice after a reset, an overflow signal is forcibly output.

User's Manual U16891EJ1VOUD 373



CHAPTER 12 WATCHDOG TIMER FUNCTIONS

Table 12-5. Watchdog Timer 2 Clock Selection

WDCS24 | WDCS23 | WDCS22 | WDCS21 | WDCS20 | Selected Clock fxx = 20 MHz fxx = 16 MHz fxx = 10 MHz
0 0 0 0 0 2%%/fxx 13.1ms 16.4 ms 26.2 ms
0 0 0 0 1 2% /fxx 26.2 ms 32.8ms 52.4 ms
0 0 0 1 0 2%ffxx 52.4ms 65.5 ms 104.9 ms
0 0 0 1 1 2% [fxx 104.9 ms 131.1 ms 209.7 ms
0 0 1 0 0 2%[fxx 209.7 ms 262.1 ms 419.4 ms
0 0 1 0 1 2% [fxx 419.4 ms 524.3 ms 838.9 ms
0 0 1 1 0 2% [fxx 838.9 ms 1048.6 ms 1677.7 ms
0 0 1 1 1 2%ffxx 1677.7 ms 2097.2 ms 3355.4 ms
0 1 0 0 0 2°ffxr 15.625 ms (fxr = 32.768 kHz)
0 1 0 0 1 2% fxr 31.25 ms (fxr = 32.768 kHz)
0 1 0 1 0 2" fxr 62.5 ms (fxr = 32.768 kHz)
0 1 0 1 1 2%fxr 125 ms (fxr = 32.768 kHz)
0 1 1 0 0 28fxr 250 ms (fxt = 32.768 kHz)
0 1 1 0 1 2%ffxt 500 ms (fxr = 32.768 kHz)
0 1 1 1 0 25/fxr 1000 ms (fxt = 32.768 kHz)
0 1 1 1 1 2%fxt 2000 ms (fxr = 32.768 kHz)
1 X X X X Operation stopped

(2) Watchdog timer enable register (WDTE)
The counter of watchdog timer 2 is cleared and counting restarted by writing “ACH” to the WDTE register.
The WDTE register can be read or written in 8-bit units.
After reset, WDTE is set to 9AH.

After reset: 9AH R/IW Address: FFFFF6D1H

wore | | | | | | | | |

Cautions 1. When a value other than “ACH” is written to the WDTE register, an overflow signal is
forcibly output.
2. When a 1-bit memory manipulation instruction is executed for the WDTE register, an
overflow signal is forcibly output.
3. The read value of the WDTE register is always “9AH" (value that differs from written value
“ACH").
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12.2.4 Operation

Watchdog timer 2 automatically starts in the reset mode following reset release.

The WDTM2 register can be written to only once following reset through byte access. To use watchdog timer 2,
write the operation mode and the interval time to the WDTM2 register using 8-bit memory manipulation instructions.
After this is done, the operation of watchdog timer 2 cannot be stopped.

The watchdog timer 2 program loop detection time interval can be selected by the WDTM2.WDCS24 to
WDTM2.WDCS20 bits. Writing ACH to the WDTE register clears the counter of watchdog timer 2 and starts the count
operation again. After the count operation starts, write ACH to the WDTE register within the set program loop
detection time interval.

If the program loop detection time is exceeded without ACH being written to the WDTE register, a reset signal
(WDTRES2) or non-maskable interrupt request signal (INTWDTZ2) is generated depending on the set value of the
WDTM2.WDM21 and WDTM2.WDM20 bits.

To not use watchdog timer 2, write 1FH to the WDTM2 register.

For non-maskable interrupt servicing when the non-maskable interrupt request mode is set, refer to 19.10
Cautions.

If the main clock is selected as the source clock of watchdog timer 2, the watchdog timer stops operation in the
IDLE/STOP mode. Therefore, clear watchdog timer 2 by writing ACH to the WDTE register before the IDLE/STOP
mode is set.

Because watchdog timer 2 operates in the HALT mode or when the subclock is selected as its source clock in the
IDLE/STOP mode, exercise care that the timer does not overflow in the HALT mode.
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13.1 Function

The real-time output function (RTO) transfers preset data to the RTBLO and RTBHO registers, and then transfers
this data with hardware to an external device via the real-time output latches, upon occurrence of a timer interrupt.
The pins through which the data is output to an external device constitute a port called a real-time output port.

Because RTO can output signal without jitter, it is suitable for controlling a stepping motor.

In the VB50ES/KF1, one 6-bit real-time output port channel is provided.

The real-time output port can be set in the port mode or real-time output port mode in 1-bit units.

The block diagram of RTO is shown below.

Figure 13-1. Block Diagram of RTO

~"")
Rerael'tig‘:r %thfer | \|Real-time output 2
2 (RTBHO) latch OH RTPOUTO4,
o RTPOUTO05
<
=
2 -
£ Real-time buffer Real-time output 4
register OL latch OL RTPOUTOO to
(RTBLO) atc RTPOUTO3
—
INTTMO000 Dc
I Transfer trigger (H)
INTTM50 Selector
INTTMS1 Transfer trigger (L)
2 4
I ] I I I ]
|RTPOE0‘RTPEGO‘ BYTEO ‘ EXTROl |RTPM05‘RTPMO4‘RTPMOB‘RTPMOZ‘RTPMOl‘RTPMOUl
Real-time output port control Real-time output port mode
register 0 (RTPCO) register 0 (RTPMO)
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13.2 Configuration
RTO consists of the following hardware.

Table 13-1. Configuration of RTO

Item Configuration
Registers Real-time output buffer register 0 (RTBLO, RTBHO)
Control registers Real-time output port mode register 0 (RTPMO)

Real-time output port control register 0 (RTPCO)

(1) Real-time output buffer register 0 (RTBLO, RTBHO)
RTBLO and RTBHO are 4-bit registers that hold output data in advance.
These registers are mapped to independent addresses in the peripheral I/O register area.
They can be read or written in 8-bit or 1-bit units.
If an operation mode of 4 bits x 1 channel or 2 bits x 1 channel is specified (RTPCO.BYTEO bit = 0), data can
be individually set to the RTBLO and RTBHO registers. The data of both these registers can be read at once
by specifying the address of either of these registers.
If an operation mode of 6 bits x 1 channel is specified (BYTEO bit = 1), 8-bit data can be set to both the RTBLO
and RTBHO registers by writing the data to either of these registers. Moreover, the data of both these
registers can be read at once by specifying the address of either of these registers.
Table 13-2 shows the operation when the RTBLO and RTBHO registers are manipulated.

After reset: 00H R/W Address: RTBLO FFFFF6EOH, RTBHO FFFFF6E2H

7 6 5 4 3 2 1 0
RTBLO RTBLO3 ‘ RTBLO2 ‘ RTBLO1 ‘ RTBLOOl

0 | RTBHO5 | RTBHO4 E

Cautions 1. When writing to bits 6 and 7 of the RTBHO register, always write 0.
2. When the main clock is stopped and the CPU is operating on the
subclock, do not access the RTBLO and RTBHO registers using an
access method that causes a wait. For details, refer to 3.4.8 (2).

Table 13-2. Operation During Manipulation of RTBLO and RTBHO Registers

Operation Mode Register to Be Read Write"*
Manipulated Higher 4 bits Lower 4 bits Higher 4 bits Lower 4 bits
4 bits x 1 channel, 2 bits x | RTBLO RTBHO RTBLO Invalid RTBLO
1 channel RTBHO RTBHO RTBLO RTBHO Invalid
6 bits x 1 channel RTBLO RTBHO RTBLO RTBHO RTBLO
RTBHO RTBHO RTBLO RTBHO RTBLO

Note After setting the real-time output port, set output data to the RTBLO and RTBHO registers by the time a real-
time output trigger is generated.
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13.3 Registers
RTO is controlled using the following two types of registers.

e Real-time output port mode register 0 (RTPMO)
¢ Real-time output port control register 0 (RTPCO)

(1) Real-time output port mode register 0 (RTPMO)
This register selects the real-time output port mode or port mode in 1-bit units.
The RTPMO register can be read or written in 8-bit or 1-bit units.
After reset, RTPMO is cleared to O0H.

After reset: 00H R/W Address: FFFFF6E4H

6 5 4 3 2 1 0
RTPMO [ o | o | RTPMOs|RTPMo4 | RTPM03|RTPMO2 | RTPMO1 | RTPMOO |
RTPMOm Control of real-time output port (m = 0 to 5)
0 Real-time output disabled
1 Real-time output enabled

Cautions 1. To reflect real-time output signals (RTPOUT00 to RTPOUTO05) to the pins

(RTPOO to RTPO05), set them to the real-time output port with the PMC5 and
PFCS5 registers.

2. By enabling real-time output operation (RTPC0.RTPOEO bit = 1), the bits
specified as real-time output enabled perform real-time output, and the bits
specified as real-time output disabled output 0.

3. If real-time output is disabled (RTPOEO bit = 0), real-time output signals
(RTPOUTO00 to RTPOUTO05) all output 0, regardless of the RTPMO register
setting.
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(2) Real-time output port control register 0 (RTPCO)
RTPCO are registers used to set the operation mode and output trigger of the real-time output port.
The relationship between the operation mode and output trigger of the real-time output port is as shown
Tables 13-3 and 13-4.
The RTPCO register can be read or written in 8-bit or 1-bit units.
After reset, RTPCO is cleared to O0H.

in

After reset: 00H R/W Address: FFFFF6E5H

<7> 6 5 4 3 2 1 0
RTPCO | RTPOEO| RTPEGO| BYTEO [EXTRO™:{ 0 0 0 o |
RTPOEO Control of real-time output operation
0 Disables operationNot¢ 2
1 Enables operation
RTPEGO Valid edge of INTTMOOO signal
0 Falling edge™°te®
1 Rising edge
BYTEO Specification of channel configuration for real-time output
0 4 bits x 1 channel, 2 bits x 1 channel
1 6 bits x 1 channel

Notes 1. Forthe EXTRO bit, refer to Table 13-3.
2. When real-time output operation is disabled (RTPOEO bit = 0), real-time output

signals (RTPOUTO00 to RTPOUTO5) all output 0.
3. The INTTMOOO signal is output for 1 clock of the count clock selected by 16-bit

timer/event counter 00.

Caution Perform the settings for the RTPEGO, BYTEO, and EXTRO bits only when the
RTPOEO bit = 0.

Table 13-3. Operation Modes and Output Triggers of Real-Time Output Port

BYTEO | EXTRO Operation Mode RTBHO (RTP04, RTPO5) RTBLO (RTPOO to RTP03)
0 0 |4bits x 1 channel, INTTM51 INTTM50
1 |?2bitsx1channel INTTM50 INTTMOO0O
1 0 6 bits x 1 channel INTTM50
1 INTTMOO0O
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13.4 Operation

If the real-time output operation is enabled by setting the RTPCO.RTPOEO bit to 1, the data of the RTBHO and
RTBLO registers is transferred to the real-time output latch in synchronization with the generation of the selected
transfer trigger (set by the RTPCO.EXTRO and RTPCO.BYTEDO bits). Of the transferred data, only the data of the bits
specified as real-time output enabled by the RTPMO register is output from bits RTPOUTO00 to RTPOUTO05. The bits
specified as real-time output disabled by the RTPMO register output 0.

If the real-time output operation is disabled by clearing the RTPOEDO bit to 0, the RTPOUTO00 to RTPOUTOS5 signals
output O regardless of the setting of the RTPMO register.

Figure 13-2. Operation Timing Example (When EXTRO Bit = 0, BYTEO Bit = 0)

INTTM51 (internal) Cﬂ |_| |_| |_|

mea
—1
—
—1

INTTM50 (internal)

CPU operation | A

[ed [al [e] [a] [&] [a] [s]
\ \

D14 X:
X D02 X D03 X D04

D11 X D12 X D13 X D14

RTBLO D11

RTBHO D01 © X*
i

RT output latch 0 (H) X DOo1

kkd EEE EEEE EOE EEEE EEEE EEEE PEEE CEEr
>
]
@)
P
N
>
—t——
@)
P
w
>
]

>

RT output latch 0 (L)

A: Software processing by INTTM51 interrupt request signal (write to RTBHO register)
B: Software processing by INTTM50 interrupt request signal (write to RTBLO register)

Remark For the operation during standby, refer to CHAPTER 21 STANDBY FUNCTION.
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13.5 Usage

(1) Disable real-time output.
Clear the RTPCO.RTPOEO bit to 0.

(2) Perform initialization as follows.
 Specify the real-time output port mode or port mode in 1-bit units.
Set the RTPMO register.
« Channel configuration: Select the trigger and valid edge.
Set the RTPCO0.EXTRO, RTPC0.BYTEO, and RTPCO.RTPEGO bits.
» Set the initial values to the RTBHO and RTBLO registers"**.

(3) Enable real-time output.
Set the RTPOEO bit to 1.

(4) Set the next output value to the RTBHO and RTBLO registers by the time the selected transfer trigger is
generated .

(5) Set the next real-time output value to the RTBHO and RTBLO registers through interrupt servicing
corresponding to the selected trigger.

Notes 1. If write to the RTBHO and RTBLO registers is performed when the RTPOEO bit = 0, that value is
transferred to real-time output latches OH and OL, respectively.
2. Even if write is performed to the RTBHO and RTBLO registers when the RTPOEDO bit = 1, data transfer

to real-time output latches OH and OL is not performed.

Caution To reflect the real-time output signals (RTPOUT00 to RTPOUTO5) to the pins, set the real-time
output ports (RTP0O to RTPO5) with the PMC5 and PFCS5 registers.

13.6 Cautions
(1) Prevent the following conflicts by software.
 Conflict between real-time output disable/enable switching (RTPOEO bit) and selected real-time output
trigger
« Conflict between write to the RTBHO and RTBLO registers in the real-time output enabled status and the
selected real-time output trigger.

(2) Before performing initialization, disable real-time output (RTPOEDO bit = 0).

(3) Once real-time output has been disabled (RTPOEOQ bit = 0), be sure to initialize the RTBHO and RTBLO
registers before enabling real-time output again (RTPOEO bit=0 - 1).
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13.7 Security Function

A circuit that sets the pin outputs to high impedance as a security function for when malfunctions of a stepping
motor controlled by RTO occur is provided on chip. It forcibly resets the pins allocated to RTP00 to RTPO5 via
external interrupt INTPO pin edge detection, placing them in the high-impedance state.

Note 2

The ports (P50 to P55 pins) placed in high impedance by INTP0"™** pin is initialized"*?, so settings for these ports

must be performed again.

Notes 1. Regardless of the port settings, P50 to P55 pins are all placed in high impedance via INTPO.
2. The bits that are initialized are all the bits corresponding to P50 to P55 pins of the following registers.

« P5 register

* PM5 register

* PMCS5 register

« PUS register

* PFC5 register

* PF5 register

The block diagram of the security function is shown below.

Figure 13-3. Block Diagram of Security Function

INTPO @;— Edge detection INTC
EVop
R
RTOSTO T
RTPOUTOO0 to RTPOUTO05 O) RTPOO to RTPO5
0 6 | O

This function is set with the PLLCTL.RTOSTO bit.
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(1) PLL control register (PLLCTL)
The PLLCTL register is an 8-bit register that controls the RTO security function and PLL.
This register can be read or written in 8-bit or 1-bit units.
After reset, PLLCTL is set to 01H.

After reset: 01H R/W Address: FFFFF806H

7 6 5 4 3 <2> <1> <0>
pett | o | o | o | o | o |rrosTo|seLpiL|pLioN |
RTOSTO Control of RTPOO to RTPO5 security function
0 INTPO pin is not used as trigger for security function
1 INTPO pin is used as trigger for security function

Note For details on the SELPLL and PLLON bits, refer to CHAPTER 6 CLOCK GENERATION
FUNCTION.

Cautions 1. Before outputting a value to the real-time output ports (RTPOO to RTPO05),
select the INTPO pin interrupt edge detection and then set the RTOSTO and
RTOST1 bits.

2. To set again the ports (P50 to P55 pins) as real-time output ports after
placing them in high impedance via the INTPO pin, first cancel the security
function.

[Procedure to set ports again]

<1> Cancel the security function and enable port setting by clearing the
RTOSTO bit to 0.

<2> Set the RTOSTO bit to 1 (only if required)

<3> Set again as real-time output port.

3. Be sure to clear bits 4 to 7 to 0. The operation is not affected even if the
value of bit 3is changed.
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14.1 Function

The A/D converter converts analog input signals into digital values with a resolution of 10 bits and has an 8-
channel (ANIO to ANI7) configuration.
The A/D converter has the following functions.

(1) 10-bit resolution A/D conversion
1 analog input channel is selected from ANIO to ANI7, and an A/D conversion operation with resolution of 10
bits is repeatedly executed. Every time A/D conversion is completed, an interrupt request signal (INTAD) is
generated.

(2) Power fail detection function
This is a function to detect low voltage in a battery. The results of A/D conversion (the value in the ADCRH
register) and the PFT register are compared, and INTAD signal is generated only when the comparison
conditions match.
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14.2 Configuration
The A/D converter consists of the following hardware.

Figure 14-1. Block Diagram of A/D Converter

AVrero
ADCS bit —
ANIO ©—~ o P
ANI1 ©—= Sample & hold circuit A
ﬁ“:g O: g \O Voltage comparator s
ANIZ©—| 2 © l ; R
ANI5 @—| 0 ' : R
ANI6 ©— ' ; : PoL
ANI7 ©— ' AVss : P
------------------ Successive
approximation b AVss
register (SAR - ﬁ --1
— INTAD
Controller =
A/D conversion result Power fail comparison
3 register (ADCR/ADCRH) threshold register (PFT)
|ADSZ ‘ADSl ‘ ADSOl |ADCS ‘ FR2 ‘ FRL ‘ FRO ‘ADCSZ' PFEN
Analog input channel A/D converter mode Power fail comparison
specification register register (ADM) mode register (PFM)
(ADS)
g Internal bus S

Table 14-1. Registers of A/D Converter Used by Software

Item Configuration

Registers A/D conversion result register (ADCR)

A/D conversion result register H (ADCRH): Only higher 8 bits can be read
Power fail comparison threshold register (PFT)

A/D converter mode register (ADM)

Analog input channel specification register (ADS)

Power fail comparison mode register (PFM)
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1)

)

@)

(4)

(%)

(6)

(")

(8)

9)

386

ANIO to ANI7 pins
These are analog input pins for the 8 channels of the A/D converter. They are used to input analog signals to
be converted into digital signals. Pins other than those selected as analog input by the ADS register can be
used as input ports.

Sample & hold circuit

The sample & hold circuit samples the analog input signals selected by the input circuit and sends the
sampled data to the voltage comparator. This circuit holds the sampled analog input voltage during A/D
conversion.

Series resistor string
The series resistor string is connected between AVrero and AVss and generates a voltage for comparison with
the analog input signal.

Voltage comparator
The voltage comparator compares the value that is sampled and held with the output voltage of the series
resistor string.

Successive approximation register (SAR)

This register compares the sampled analog voltage value with the voltage value from the series resistor string,
and converts the comparison result starting from the most significant bit (MSB).

When the least significant bit (LSB) has been converted to a digital value (end of A/D conversion), the contents
of the SAR register are transferred to the ADCR register.

The SAR register cannot be read or written directly.

A/D conversion result register (ADCR), A/D conversion result register H (ADCRH)
Each time A/D conversion ends, the conversion results are loaded from the successive approximation register
and the results of A/D conversion are held in the higher 10 bits of this register (the lower 6 bits are fixed to 0).

Controller

The controller compares the A/D conversion results (the value of the ADCRH register) with the value of the
PFT register when A/D conversion ends or the power fail detection function is used. It generates INTAD signal
only when the comparison conditions match.

AVREFo pin

This is the analog power supply pin/reference voltage input pin of the A/D converter. Always use the same
potential as the Voo pin even when not using the A/D converter.

The signals input to the ANIO to ANI7 pins are converted into digital signals based on the voltage applied
across AVrero and AVss.

AVss pin

This is the ground potential pin of the A/D converter. Always use the same potential as the Vss pin even when
not using the A/D converter.
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(10) A/D converter mode register (ADM)
This register sets the conversion time of the analog input to be converted to a digital signal and the conversion
operation start/stop.

(11) Analog input channel specification register (ADS)
This register specifies the input port for the analog voltage to be converted to a digital signal.

(12) Power fail comparison mode register (PFM)
This register sets the power fail monitoring mode.

(13) Power fail comparison threshold register (PFT)
This register sets the threshold to be compared with the ADCR register.

14.3 Registers

The A/D converter is controlled by the following registers.

A/D converter mode register (ADM)
Analog input channel specification register (ADS)
Power fail comparison mode register (PFM)

Power fail comparison threshold register (PFT)
A/D conversion result register, A/D conversion result register H (ADCR, ADCRH)
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(1) A/D converter mode register (ADM)
This register sets the conversion time of the analog input signal to be converted into a digital signal as well as
conversion start and stop.
The ADM register can be read or written in 8-bit or 1-bit units.
After reset, ADM is cleared to O0H.

After reset: O0OH R/IW Address: FFFFF200H
<7> 6 5 4 3 2 1 <0>
oM [ aDcs | o | PRz | FRL | FRO | 0o | o | aApcs2 |

ADCS Control of A/D conversion operation

0 Conversion operation stopped

1 Conversion operation enabled

FR2 | FR1 | FRO Selection of conversion time
Conversion timeN*®* fxx
20 MHz 16 MHz 10 MHz

0 0 0 | 288/fxx 14.4 us 18.0 us 28.8 us
0 0 1 | 240/fxx Setting prohibited |15.0 us 24.0 us
0 1 0 | 192/fxx Setting prohibited |Setting prohibited |19.2 us
0 1 1 | Setting prohibited|Setting prohibited | Setting prohibited | Setting prohibited
1 0 0 | 144/fxx Setting prohibited |Setting prohibited |14.4 us
1 0 1 | 120/fxx Setting prohibited | Setting prohibited | Setting prohibited
1 1 0 | 96/fxx Setting prohibited | Setting prohibited | Setting prohibited
1 1 1 | Setting prohibited |Setting prohibited | Setting prohibited | Setting prohibited
ADCS2 Control of reference voltage generator for boosting operation™® 2

0 Reference voltage generator operation stopped

1 Reference voltage generator operation stopped

Notes 1. Setting the conversion time (time actually required for A/D conversion) as follows is prohibited.
AVRrero > 4.0 V: Less than 14 us

AVRero< 4.0 V: Less than 17 us

The operation of the reference voltage generator for boosting is controlled by the ADCS2 bit and it
takes 17 us (14 us when AVrero = 4.0 V) after operation is started until it is stabilized. Therefore the
ADCS bit is set to 1 (A/D conversion is started) at least 17 us (14 us when AVrero = 4.0 V) after if
the ADCS?2 bit was set to 1 (reference voltage generator for boosting is on), the first conversion
result is valid.

Be sure to clear bits 6, 2, and 1 to 0.
Changing bits FRO to FR2 while the ADCS bit = 1 is prohibited (write access to the ADM
register is enabled and rewriting of bits FRO to FR2 is prohibited).

Cautions 1.
2.

When the main clock is stopped and the CPU is operating on the subclock, do not access
the ADM register using an access method that causes a wait. For details, refer to 3.4.8 (2).

Remark fxx: Main clock frequency
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Table 14-2. Setting of ADCS Bit and ADCS2 Bit

ADCS ADCS2 A/D Conversion Operation
0 0 Stopped status (DC power consumption path does not exist)
0 1 Conversion standby mode (only the reference voltage generator for boosting consumes power)
1 0 Conversion mode (reference voltage generator stops operation™**)
1 1 Conversion mode (reference voltage generator is operating)

Note The data obtained by the first conversion must not be used.

Figure 14-2. Operation Sequence

-— Reference voltage generator for boosting: Operating ————»|

Conversion
< standby

ADCS2
Comparator control f
Conversion
operation
ADCS
“Note

Conversion
operation

N

Conversion
stop

Note 17 s (14 ps when AVrero 2 4.0 V) or more are required for the operation of the reference voltage
generator for boosting between when the ADCS2 bit is set (1) and when the ADCS bit is set (1).
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(2) Analog input channel specification register (ADS)
This register specifies the analog voltage input port for A/D conversion.
The ADS register can be read or written in 8-bit units.
After reset, ADS is cleared to O0H.

After reset: 00H R/W Address: FFFFF201H

6 5 4 3 2 1 0
s [ o | o | o | o | o | aps2 | apsi | Apso |
ADS2 ADS1 ADSO Specification of analog input channel
0 0 0 ANIO
0 0 1 ANI1
0 1 0 ANI2
0 1 1 ANI3
1 0 0 ANI4
1 0 1 ANI5
1 1 0 ANI6
1 1 1 ANI7

Cautions 1. Be sure to clear bits 3to 7 to 0.
2. When the main clock is stopped and the CPU is operating on the
subclock, do not access the ADS register using an access method that
causes a wait. For details, refer to 3.4.8 (2).
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(3) A/D conversion result register, A/D conversion result register H (ADCR, ADCRH)
The ADCR and ADCRH registers store the A/D conversion results.
These registers are read-only in 16-bit or 8-bit units. However, specify the ADCR register for 16-bit access,
and the ADCRH register for 8-bit access. In the ADCR register, the 10 bits of conversion results are read in
the higher 10 bits and 0 is read in the lower 6 bits. In the ADCRH register, the higher 8 bits of the conversion
results are read.
After reset, these registers are undefined.

After reset: Undefined R Address: FFFFF204H

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o
ADCR  [AD9|AD8|AD7|AD6|ADS|AD4|AD3|AD2|AD1/ADO| 0 [ 0 [0 [ 0| 0] 0|

After reset: Undefined R Address: FFFFF205H

7 6 5 4 3 2 1 0
ADCRH | ADo | ADs | AD7 | AD6 | ADs | Apa | AD3 | AD2 |

Caution When the main clock is stopped and the CPU is operating on the
subclock, do not access the ADCR and ADCRH registers using an
access method that causes a wait. For details, refer to 3.4.8 (2).
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The following shows the relationship between the analog input voltage input to the analog input pins (ANIO to ANI7)
and A/D conversion results (ADCR register).

VIN
SAR = INT (——x 1024 + 0.5)
AVREF0

ADCR™"* = SAR x 64

Or,

AVREF0 AVREF0

(SAR - 0.5) x———< VIN< (SAR + 0.5) x—
1024 1024

INT (): Function that returns the integer part of the value in parentheses
VIN: Analog input voltage
AVREFo: Voltage of AVRero pin
ADCR: Value in the ADCR register

Note The lower 6 bits of the ADCR register are fixed to 0.
The following shows the relationship between the analog input voltage and A/D conversion results.

Figure 14-3. Relationship Between Analog Input Voltage and A/D Conversion Results

SAR ADCR
1023 +——+— 71—+ 71— 71— -~---- FFCOH
1022 ——————+—F——r----- FF80H

A/D conversion results 1021 I FEA0H
1 1 1 1 I 1 I 1 1 I I 1 1 1
1 1 1 1 I 1 I I 1 I I 1 1 1
| | | | 1 | 1 1 | 1 1 1 | |
1 1 1 1 I 1 I I 1 I I 1 1 1

3 1 1 1 1 1 - ‘_ _ 1 I I 1 1 1 OOCOH

2 — - - - - 0080H

1 —— | 0040H

fo ) S N A S ———— 0000H

1 1 3 2 5 3 2043 1022 2045 1023 2047 1
2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048
Input voltage/AVRrero
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(4) Power fail comparison mode register (PFM)
This register sets the power fail monitoring mode.
The PFM register compares the value in the PFT register with the value of the ADCRH register.
The PFM register can be read or written in 8-bit or 1-bit units.
After reset, PFM is cleared to O0H.

After reset: 00H R/W Address: FFFFF202H

<7> <6> 5 4 3 2 1 0
PFM | PFEN | PFem | 0 0 0 0 0 o |
PFEN Selection of power fail comparison enable/disable
0 Power fail comparison disabled
1 Power fail comparison enabled
PFCM Selection of power fail comparison mode
0 Interrupt request signal (INTAD) generated when ADCR = PFT
1 Interrupt request signal (INTAD) generated when ADCR < PFT

Caution When the main clock is stopped and the CPU is operating on the subclock,
do not access the PFM register using an access method that causes a wait.

For details, refer to 3.4.8 (2).

(5) Power fail comparison threshold register (PFT)
The PFT register sets the comparison value in the power fail comparison mode.
The 8-bit data set in the PFT register is compared with the value of the ADCRH register.
The PFT register can be read or written in 8-bit units.
After reset, PFT is cleared to O0OH.

After reset: 00H R/W Address: FFFFF203H

PET | | | | | | | | |

Caution When the main clock is stopped and the CPU is operating on the subclock,
do not access the PFT register using an access method that causes a wait.
For details, refer to 3.4.8 (2).
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14.4 Operation

14.4.1 Basic operation

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

Select the channel whose analog signal is to be converted into a digital signal using the ADS register.

Set (1) the ADM.ADCS2 bit and wait 17 s (14 us when AVrero = 4.0 V) or longer.

Set the ADM.ADCS bit to 1 to start A/D conversion.
(Steps <4> to <10> are executed by hardware.)

The sample & hold circuit samples the voltage input to the selected analog input channel.

After sampling for a specific time, the sample & hold circuit enters the hold status and holds the input analog
voltage until it has been converted into a digital signal.

Set bit 9 of the successive approximation register (SAR). The tap selector sets the voltage tap of the series
resistor string to (1/2) x AVRrero.

The voltage comparator compares the voltage difference between the voltage tap of the series resistor string
and the analog input voltage. If the analog input voltage is greater than (1/2) x AVrero, the MSB of the SAR
register remains set. If the analog input voltage is less than (1/2) x AVrero, the MSB is reset.

Next, bit 8 of the SAR register is automatically set and the next comparison starts. Depending on the value
of bit 9 to which the result of the preceding comparison has been set, the voltage tap of the series resistor
string is selected as follows.

* Bit9 = 1: (3/4) x AVRrero

* Bit 9 =0: (1/4) x AVrero
The analog input voltage is compared with one of these voltage taps and bit 8 of the SAR register is
manipulated as follows depending on the result of the comparison.

Analog input voltage = voltage tap: Bit8 =1

Analog input voltage < voltage tap: Bit8 =0

<9> The above steps are repeated until bit O of the SAR register has been manipulated.

<10> When comparison of all 10 bits of the SAR register has been completed, the valid digital value remains in the

SAR register, and the value of the SAR register is transferred and latched to the ADCR register.
At the same time, an A/D conversion end interrupt request signal (INTAD) is generated.

<11> Repeat steps <4> to <10> until the ADCS bit is cleared to 0.

394

For another A/D conversion, start at <3>. However, when operating the A/D converter with the ADCS2 bit
cleared to 0, start at <2>.
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14.4.2 A/D conversion operation

« Setting the ADM.ADCS bit to 1 starts conversion of the signal input to the channel specified by the ADS register.
Upon completion of the conversion, the conversion result is stored in the ADCR register and a new conversion
starts.

« |If the ADM, ADS, PFT, or PFM register is written during conversion, conversion is interrupted and the
conversion operation starts again from the beginning.

« |If the ADCS bit is cleared to 0 during conversion, conversion is interrupted and the conversion operation is
stopped.

« For whether or not the conversion end interrupt request signal (INTAD) is generated, refer to 14.4.3.

14.4.3 Power fail monitoring function
The conversion end interrupt request signal (INTAD) can be controlled as follows using the PFM and PFT registers.

« If the PFM.PFEN bit = 0, the INTAD signal is generated each time conversion ends.

e If the PFEN bit = 1 and the PFM.PFCM bit = 0, the conversion result and the value of the PFT register are
compared when conversion ends, and the INTAD signal is output only if ADCRH = PFT.

« If the PFEN and PFCM bits = 1, the conversion result and the value of the PFT register are compared when
conversion ends and the INTAD signal is output only if ADCRH < PFT.

« Because, when the PFEN bit = 1, the conversion result is overwritten after the INTAD signal has been output,
unless the conversion result is read by the time the next conversion ends, in some cases it may appear as if the
actual operation differs from the operation described above (refer to Figure 14-4).

Figure 14-4. Power Fail Monitoring Function (PFCM Bit = 0)

Conversion operation ANIO ANIO ANIO ANIO
ADCRH >< ‘ 80H \ 7FH >< \ 80H ><
PFT 80H
INTAD |_ |_|
‘Note=

Note If reading is not performed during this interval, the conversion result changes to the next conversion result.
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The following describes how to set registers.

* When using the A/D converter for A/D conversion

<1> Set (1) the ADM.ADCS2 bit.

<2> Select the channel and conversion time by setting the ADS.ADS2 to ADS.ADSO bits and the ADM.FR2

to ADM.FRO bits.

<3> Set (1) the ADM.ADCS bit.

<4> Transfer the A/D conversion data to the ADCR register.

<5> An interrupt request signal (INTAD) is generated.
<Changing the channel>

<6> Change the channel by setting the ADS2 to ADSO bits.

<7> Transfer the A/D conversion data to the ADCR register.

<8> An interrupt request signal (INTAD) is generated.
<Ending A/D conversion>

<9> Clear (0) the ADCS bhit.

<10> Clear (0) the ADCS2 bit.

Cautions 1. The time taken from <1>to <3> must be 17 us (14 us when AVrero = 4.0 V) or longer.
2. Steps <1> and <2> may be reversed.
3. Step <1> may be omitted. However, if omitted, do not use the first conversion result
after <3>.
4. The time taken from <4> to <7> is different from the conversion time set by the FR2 to
FRO bits.
The time taken for <6> and <7> is the conversion time set by the FR2 to FRO bits.

* When using the A/D converter for the power fail function
<1> Set (1) the PFM.PFEN bit.
<2> Set the power fail comparison conditions by using the PFM.PFCM bit.
<3> Set (1) the ADM.ADCS?2 bit.
<4> Select the channel and conversion time by setting the ADS.ADS2 to ADS.ADSO bits and the ADM.FR2
to ADM.FRO bits.
<5> Set the threshold value in the PFT register.
<6> Set (1) the ADM.ADCS bit.
<7> Transfer the A/D conversion data to the ADCR register.
<8> Compare the ADCR register with the PFT register. An interrupt request signal (INTAD) is generated
when the conditions match.
<Changing the channel>
<9> Change the channel by setting the ADS2 to ADSO bits.
<10> Transfer the A/D conversion data to the ADCR register.
<11> The ADCR register is compared with the PFT register. When the conditions match, an INTAD signal is
generated.
<Ending A/D conversion>
<12> Clear (0) the ADCS bit.
<13> Clear (0) the ADCS2 bit.
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14.5 Cautions

@)

Power consumption in standby mode

The operation of the A/D converter stops in the standby mode. At this time, the power consumption can be
reduced by stopping the conversion operation (the ADM.ADCS bit = 0).

Figure 14-5 shows an example of how to reduce the power consumption in the standby mode.

Figure 14-5. Example of How to Reduce Power Consumption in Standby Mode

AVRrero ©

P-ch= | o<} ADCS

Series resistor string

AVss ©

)

®3)

Input range of ANIO to ANI7 pins

Use the A/D converter with the ANIO to ANI7 pin input voltages within the specified range. If a voltage of
AVRero or higher or AVss or lower (even if within the absolute maximum ratings) is input to these pins, the
conversion value of the channel is undefined. Also, this may affect the conversion value of other channels.

Conflicting operations

(@) Conflict between writing to the ADCR register and reading from ADCR register upon the end of
conversion
Reading the ADCR register takes precedence. After the register has been read, a new conversion result
is written to the ADCR register.

(b) Conflict between writing to the ADCR register and writing to the ADM register or writing to the ADS
register upon the end of conversion
Writing to the ADM register or ADS register takes precedence. The ADCR register is not written, and
neither is the conversion end interrupt request signal (INTAD) generated.
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(4) Measures against noise

To keep a resolution of 10 bits, be aware of noise on the AVrero and ANIO to ANI7 pins. The higher the output
impedance of the analog input source, the greater the effect of noise. Therefore, it is recommended to
connect external capacitors as shown in Figure 14-6 to reduce noise.

Figure 14-6. Handling of Analog Input Pins

Reference voltage input O ' / AVRrero

If noise of AVrero or higher or AVss or lower could be
generated, clamp with a diode with a small VF (0.3 V or lower).

ANIO to ANI7

C =100 to 1000 pF JI
AVss

7J: Vss

(®)

(6)

398

ANIO/P70 to ANI7/P77 pins

The analog input pins (ANIO to ANI7) function alternately as input port pins (P70 to P77).

When performing A/D conversion by selecting any of the ANIO to ANI7 pins, do not execute an input
instruction to port 7 during conversion. This may decrease the conversion resolution.

If digital pulses are applied to the pin adjacent to the pin subject to A/D conversion, the value of the A/D
conversion may differ from the expected value because of coupling noise. Therefore, do not apply pulses to
the pin adjacent to the pin subject to A/D conversion.

Input impedance of AVRrero pin

A series resistor string of tens of kQ is connected between the AVrero pin and AVss pin.

Therefore, if the output impedance of the reference voltage source is high, this will result in a series
connection to the series resistor string between the AVrero pin and AVss pin, resulting in a large reference
voltage error.
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()

Interrupt request flag (ADIC.ADIF bit)

Even when the ADS register is changed, the ADIF bit is not cleared (0).

Therefore, if the analog input pin is changed during A/D conversion, the ADIF bit may be set (1) because A/D
conversion of the previous analog input pin ends immediately before the ADS register is rewritten. In a such
case, note that if the ADIF bit is read immediately after the ADS register has been rewritten, the ADIF bit is set
(1) even though A/D conversion of the analog input pin after the change has not been completed.

When stopping A/D conversion once and resuming it, clear the ADIF bit (0) before resuming A/D conversion.

Figure 14-7. A/D Conversion End Interrupt Request Occurrence Timing

A/D conversion ANIn ANIn

Remark n=0to7

ADS rewrite ADS rewrite ANIm conversion is not complete

(ANIn conversion start) (ANIm conversion s% even though ADIF is set.

ANIm ANIm

[ ]
| )

ADCR >< ANIn ><

INTAD

ANIn >< ANIm >< ANIm

m=0to7

(8)

9)

Conversion results immediately after A/D conversion start

If the ADM.ADCS bit is set to 1 within 17 us (14 us when AVrero = 4.0 V) after the ADM.ADCS?2 bit has been
set to 1, or if the ADCS bit is set to 1 with the ADCS2 bit cleared to 0, the converted value immediately after
the A/D conversion operation has started may not satisfy the rating. Take appropriate measures such as
polling the A/D conversion end interrupt request signal (INTAD) and discarding the first conversion result.

Reading A/D conversion result register (ADCR)

When the ADM or ADS register has been written, the contents of the ADCR register may become undefined.
When the conversion operation is complete, read the conversion results before writing to the ADM or ADS
register. A correct conversion result may not be able to be read at a timing other than the above.

When the CPU is operating on the subclock and main clock oscillation (fx) is stopped, do not read the ADCR
register.
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(10) A/D converter sampling time and A/D conversion start delay time
The A/D converter sampling time differs depending on the set value of the ADM register. A delay time exists
until actual sampling is started after A/D converter operation is enabled.
When using a set in which the A/D conversion time must be strictly observed, care is required for the contents
shown in Figure 14-8 and Table 14-3.

Figure 14-8. Timing of A/D Converter Sampling and A/D Conversion Start Delay

ADCS ~ 1 or ADS rewrite

ADCS

Sampling timing

INTAD |_|

Wait period A/ID Sampling Sampling
conversion time time
start delay 04
time Conversion time Conversion time

Table 14-3. A/D Converter Sampling Time and A/D Conversion Start Delay Time (ADM Register Set Value)

FR2 FR1 FRO Conversion Time Sampling Time A/D Conversion Start Delay Time"**
Note 2 Note 3
MIN. MAX. MIN. MAX.
0 0 0 288/fxx 40/fxx 32/fxx 36/fxx 11/fxx 12/fxx
0 0 1 240/fxx 32/fxx 28/fxx 32/fxx 11/fxx 12/fxx
0 1 0 192/fxx 24/fxx 24/fxx 28/fxx 10/fxx 11/fxx
1 0 0 144/fxx 20/fxx 16/fxx 18/fxx 9/fxx 10/fxx
1 0 1 120/fxx 16/fxx 14/fxx 16/fxx 9/fxx 10/fxx
1 1 0 96/fxx 12/fxx 12/fxx 14/fxx 11/fxx 12/fxx
Other than above Setting prohibited - - - - -

Notes 1. The A/D conversion start delay time is the time after the wait period. For the wait function, refer to 3.4.8
(2) Access to special on-chip peripheral I/O register.
. MPD703208, 703208Y, 703209, 703209Y, 703210, 703210Y, 70F3210, 70F3210Y
3. uPD703211, 703211Y, 70F3210H, 70F3210HY, 70F3211H, 70F3211HY

Remark fxx: Main clock frequency
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(11) Internal equivalent circuit

The following shows the equivalent circuit of the analog input block.

Figure 14-9. Internal Equivalent Circuit of ANIn Pin

R
ANIn

Cour

%]
I

- 4PD703211, 703211Y, 70F3210H, 70F3210HY, 70F3211H, 70F3211HY

AVReFo RN Court Cin
45V 3kQ 8 pF 15 pF
2.7V 60 kQ 8 pF 15 pF

» 4PD703208, 703208Y, 703209, 703209Y, 703210, 703210Y, 70F3210

, 7T0F3210Y
AVReFo RN Court Cin
45V 6.7 kQ 8 pF 3.4 pF
2.7V 20 kQ 8 pF 5 pF
Remarks 1. The above values are reference values.
2.n=0to7
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CHAPTER 14 A/D CONVERTER

14.6 How to Read A/D Converter Characteristics Table

Here, special terms unique to the A/D converter are explained.

(1) Resolution

)

This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input
voltage per bit of digital output is called 1 LSB (Least Significant Bit). The percentage of 1 LSB with respect to
the full scale is expressed by %FSR (Full Scale Range). %FSR indicates the ratio of analog input voltage that
can be converted as a percentage, and is always represented by the following formula regardless of the
resolution.

1 %FSR = (Max. value of analog input voltage that can be converted — Min. value of analog input voltage that
can be converted)/100
= (AVRero — 0)/100
= AVRero/100

1 LSB is as follows when the resolution is 10 bits.

1LSB =1/2" = 1/1024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

Overall error

This shows the maximum error value between the actual measured value and the theoretical value.

Zero-scale error, full-scale error, linearity error and errors that are combinations of these express the overall
error.

Note that the quantization error is not included in the overall error in the characteristics table.

Figure 14-10. Overall Error

1...... 1
Ideal line

5

I

>

° X

£ Overall

-‘5” error
O-err0 L

0 AVREFO
Analog input
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CHAPTER 14 A/D CONVERTER

(3) Quantization error
When analog values are converted to digital values, a +1/2 LSB error naturally occurs. In an A/D converter, an
analog input voltage in a range of +1/2 LSB is converted to the same digital code, so a quantization error
cannot be avoided.
Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral
linearity error, and differential linearity error in the characteristics table.

Figure 14-11. Quantization Error

Teeeo 1
5
o
5 L
° —
s //////'—_—\\\\\\\
=) 'A .
A [U2LSB—"; Quantization error
! :<—1/2 LSB
0 ...... 0 ‘)}
0 AVREFO
Analog input

(4) Zero-scale error
This shows the difference between the actual measurement value of the analog input voltage and the
theoretical value (1/2 LSB) when the digital output changes from O...... 000toO...... 001.

Figure 14-12. Zero-Scale Error

111J¢

Ideal line
100 -

Zero-scale error
011

010

Digital output (Lower 3 bits)

001

000

1)
10

AVReFo

Analog input (LSB)
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(5) Full-scale error
This shows the difference between the actual measurement value of the analog input voltage and the
theoretical value (full scale — 3/2 LSB) when the digital output changes from 1...... 110to 1...... 111.

Figure 14-13. Full-Scale Error

Full-scale error

H
=

-

P /

100F e - poese-

011}

Digital output (Lower 3 hits)

0 AVRero-3 AVrero—2 AVRero-1 AVRero
Analog input (LSB)

(6) Differential linearity error
While the ideal width of code output is 1 LSB, this indicates the difference between the actual measurement
value and the ideal value.

Figure 14-14. Differential Linearity Error

1..... 1
T Ideal 1 LSB width
5 .
[=R et
3 ]
S | i -
(=) ' .
e :
rl J—— Differential
linearity error
0...--0 if
0 AVRerFo

Analog input
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(7) Integral linearity error

This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It
expresses the maximum value of the difference between the actual measurement value and the ideal straight
line when the zero-scale error and full-scale error are O.

Figure 14-15. Integral Linearity Error

Ideal line e

Digital output

Integral linearity
error

)T

AVReFo

Analog input

(8) Conversion time

9)

This expresses the time from when the analog input voltage was applied to the time when the digital output
was obtained.
The sampling time is included in the conversion time in the characteristics table.

Sampling time
This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold

circuit.

Figure 14-16. Sampling Time

. Sampling ___|
time

Conversion time — |
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CHAPTER 15 ASYNCHRONOUS SERIAL INTERFACE (UART)

In the VB50ES/KF1, two asynchronous serial interface (UART) channels are provided.

15.1 Features

406

Maximum transfer speed: 312.5 kbps
Full-duplex communications

On-chip RXBn register

On-chip TXBn register

Two-pin configuration™**

TXDn: Transmit data output pin

RXDn: Receive data input pin

Reception error detection functions

o Parity error

e Framing error

e Overrun error

Interrupt sources: 3 types

o Reception error interrupt request signal (INTSREn):

e Reception completion interrupt request signal (INTSRn):

e Transmission completion interrupt request signal (INTSTn):

Character length: 7 or 8 bits

Parity functions: Odd, even, 0, or none
Transmission stop bits: 1 or 2 bits
On-chip dedicated baud rate generator

Interrupt is generated according to the logical
OR of the three types of reception errors
Interrupt is generated when receive data is
transferred from the receive shift register to
the RXBn register after serial transfer is
completed during a reception enabled state
the serial
transmission of transmit data (8 or 7 bits) from

Interrupt is generated when

the transmit shift register is completed

Note The ASCKO pin (external clock input) is available only for UARTO.

Remark n=0,1
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CHAPTER 15 ASYNCHRONOUS SERIAL INTERFACE (UART)

15.2 Configuration

Table 15-1. Configuration of UARTN

Iltem Configuration

Registers Receive buffer register n (RXBn)

Transmit buffer register n (TXBn)

Receive shift register

Transmit shift register

Asynchronous serial interface mode register n (ASIMM)
Asynchronous serial interface status register n (ASISn)
Asynchronous serial interface transmit status register n (ASIFn)

Other Reception control parity check

Addition of transmission control parity

Remark n=0,1

Figure 15-1 shows the configuration of UARTN.

1)

)

@)

(4)

()

(6)

Asynchronous serial interface mode register n (ASIMn)
The ASIMn register is an 8-bit register for specifying the operation of UARTN.

Asynchronous serial interface status register n (ASISn)

The ASISn register consists of a set of flags that indicate the error contents when a reception error occurs.
The various reception error flags are set (1) when a reception error occurs and are cleared (0) when the
ASISn register is read.

Asynchronous serial interface transmit status register n (ASIFn)

The ASIFn register is an 8-bit register that indicates the status when a transmit operation is performed.

This register consists of a transmit buffer data flag, which indicates the hold status of the TXBn register data,
and the transmit shift register data flag, which indicates whether transmission is in progress.

Reception control parity check

The receive operation is controlled according to the contents set in the ASIMn register. A check for parity
errors is also performed during a receive operation, and if an error is detected, a value corresponding to the
error contents is set in the ASISn register.

Receive shift register

This is a shift register that converts the serial data that was input to the RXDn pin to parallel data. One byte
of data is received, and if a stop bit is detected, the receive data is transferred to the RXBn register.

This register cannot be directly manipulated.

Receive buffer register n (RXBn)

The RXBn register is an 8-bit buffer register for holding receive data. When 7 characters are received, 0 is
stored in the MSB.

During a reception enabled state, receive data is transferred from the receive shift register to the RXBn
register, synchronized with the end of the shift-in processing of one frame.

Also, the reception completion interrupt request signal (INTSRn) is generated by the transfer of data to the
RXBn register.
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™

®

©

Transmit shift register

This is a shift register that converts the parallel data that was transferred from the TXBn register to serial data.
When one byte of data is transferred from the TXBn register, the shift register data is output from the TXDn
pin.

The transmission completion interrupt request signal (INTSTn) is generated synchronized with the completion
of transmission of one frame.

This register cannot be directly manipulated.

Transmit buffer register n (TXBn)
The TXBn register is an 8-bit buffer for transmit data. A transmit operation is started by writing transmit data
to the TXBn register.

Addition of transmission control parity
A transmit operation is controlled by adding a start bit, parity bit, or stop bit to the data that is written to the

TXBn register, according to the contents that were set in the ASIMn register.

Figure 15-1. Block Diagram of UARTn

Remark For the configuration of the baud rate generator, refer to Figure 15-12.

S Internal bus S
Asynchronous serial interface Receive buffer Transmit buffer
mode register n (ASIMn) register n (RXBn) register n (TXBn)
Receive Transmit
RXDn ’J > . ) .
° lﬂ/ shift register shift register
A A
TXDn @<—<}
A A
_ | Reception control Addition of ransmission
parity check control parity INTSTn
A 3
P INTSRn
+——» Parity
» Framing
» Overrun
— N
» INTSREN
Baud rate

generator n
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CHAPTER 15 ASYNCHRONOUS SERIAL INTERFACE (UART)

15.3 Registers

(1) Asynchronous serial interface mode register n (ASIMn)

The ASIMn register is an 8-bit register that controls the UARTN transfer operation.
This register can be read or written in 8-bit or 1-bit units.
After reset, ASIMn is set to 01H.

Cautions 1. When using UARTN, be sure to set the external pins related to UARTn functions to the

control made before setting the CKSRn and BRGCn registers, and then set the UARTEn
bit to 1. Then set the other bits.

2. Set the UARTEN and RXEn bits to 1 while a high level is input to the RXDn pin. If these
bits are set to 1 while alow level is input to the RXDn pin, reception will be started.

(1/2)

After reset: 01H R/W Address: ASIMO FFFFFAOOH, ASIM1 FFFFFA10H

<7> <6> <5> 4 3 2 1 0
ASIMn |UARTEn‘ TXEn ‘ RXEn ‘ PSnl ‘ PSn0 ‘ CLn ‘ SLn ‘ISRMnl
(n=0,1)
UARTEN Control of operating clock
0 Stop clock supply to UARTN.
1 Supply clock to UARTN.

 If the UARTER bit is cleared to 0, UARTn is asynchronously reset™".
* If the UARTEN bit = 0, UARTn is reset. To operate UARTN, first set the UARTEn bit to 1.

* If the UARTERN bit is cleared from 1 to O, all the registers of UARTnN are initialized. To set the UARTEn bit to 1
again, be sure to re-set the registers of UARTnh.

The output of the TXDn pin goes high when transmission is disabled, regardless of the setting of the UARTEn bit.

Note

TXEn Transmission enable/disable
0 Disable transmission
1 Enable transmission

» Set the TXEn bit to 1 after setting the UARTER bit to 1 at startup. Clear the UARTER bit to O after clearing the
TXEn bit to O to stop.

» To initialize the transmission unit, clear (0) the TXEn bit, and after letting 2 Clock cycles (base clock) elapse, set
(1) the TXEn bit again. If the TXEn bit is not set again, initialization may not be successful. (For details about the
base clock, refer to 15.6.1 (1) Base clock.)

Note The ASISn, ASIFn, and RXBn registers are reset.
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(212)

RXEn Reception enable/disable
0 Disable reception™*
1 Enable reception

» Set the RXEn bit to 1 after setting the UARTERn bit to 1 at startup. Clear the UARTERN bit to O after clearing the
RXEn bit to O to stop.

» To initialize the reception unit status, clear (0) the RXEn bit, and after letting 2 Clock cycles (base clock) elapse,
set (1) the RXEn bit again. If the RXEn bit is not set again, initialization may not be successful. (For details about
the base clock, refer to 15.6.1 (1) Base clock.)

PSnl PSn0 Transmit operation Receive operation
0 0 Don't output parity bit Receive with no parity
0 1 Output O parity Receive as 0 parity
1 0 Output odd parity Judge as odd parity
1 1 Output even parity Judge as even parity

« To overwrite the PSn1 and PSn0 bits, first clear (0) the TXEn and RXEn bits.
« If “O parity” is selected for reception, no parity judgment is performed. Therefore, no error interrupt is generated
because the ASISn.PEn bit is not set.

CLn Specification of character length of 1 frame of transmit/receive data
0 7 bits
1 8 bits

* To overwrite the CLn bit, first clear (0) the TXEn and RXEn bits.

SLn Specification of stop bit length of transmit data
0 1 bit
1 2 bits

* To overwrite the SLn bit, first clear (0) the TXEn bit.
* Since reception is always done with a stop bit length of 1, the SLn bit setting does not affect receive operations.

ISRMn Enable/disable of generation of reception completion interrupt request signals when an error occurs

0 Generate a reception error interrupt request signal (INTSREN) as an interrupt when an error occurs.
In this case, no reception completion interrupt request signal (INTSRn) is generated.

1 Generate a reception completion interrupt request signal (INTSRn) as an interrupt when an error occurs.
In this case, no reception error interrupt request signal (INTSREn) is generated.

* To overwrite the ISRMn bit, first clear (0) the RXEn bit.

Note When reception is disabled, the receive shift register does not detect a start bit. No shift-in

processing or transfer processing to the RXBn register is performed, and the contents of the RXBn
register are retained.
When reception is enabled, the receive shift operation starts, synchronized with the detection of the
start bit, and when the reception of one frame is completed, the contents of the receive shift
register are transferred to the RXBn register. A reception completion interrupt request signal
(INTSRn) is also generated in synchronization with the transfer to the RXBn register.

410
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(2) Asynchronous serial interface status register n (ASISn)
The ASISn register, which consists of 3 error flag bits (PEn, FEn and OVER), indicates the error status when
UARTN reception is complete.

The ASISnh register is cleared to 00H by a read operation. When a reception error occurs, the RXBn register
should be read and the error flag should be cleared after the ASISn register is read.

This register is read-only in 8-bit units.

After reset, ASISn is set to O0OH.

Cautions 1.

When the ASIMn.UARTEN bit or ASIMn.RXEn bit is cleared to 0, or when the ASISn
register is read, the PEn, FEn, and OVEn bits are cleared (0).

Operation using a bit manipulation instruction is prohibited.

When the main clock is stopped and the CPU is operating on the subclock, do not
access the ASISn register using an access method that causes a wait.

For details, refer to 3.4.8 (2).

After reset: 00H R Address: ASISO FFFFFAO3H, ASIS1 FFFFFA13H

ASISnl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PEn ‘ FEn ‘OVEnl
(n=0,1)

7 6 5 4 3 2 1 0

PEn

Status flag indicating a parity error

0 When the UARTEN or RXEn bit is cleared to 0, or after the ASISn register has been read

1 When reception was completed, the receive data parity did not match the parity bit

» The operation of the PEn bit differs according to the settings of the ASIMn.PSn1 and ASIMn.PSn0 bits.

FEn

Status flag indicating framing error

0 When the UARTEN or RXEn bit is cleared to 0, or after the ASISn register has been read

1 When reception was completed, no stop bit was detected

« For receive data stop bits, only the first bit is checked regardless of the stop bit length.

OVEnN

Status flag indicating an overrun error

0 When the UARTEN or RXEn bit is cleared to 0, or after the ASISn register has been read.

1 UARTN completed the next receive operation before reading receive data of the RXBn register.

discarded.

* When an overrun error occurs, the next receive data value is not written to the RXBn register and the data is
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(3) Asynchronous serial interface transmit status register n (ASIFn)
The ASIFn register, which consists of 2 status flag bits, indicates the status during transmission.
By writing the next data to the TXBn register after data is transferred from the TXBn register to the transmit
shift register, transmit operations can be performed continuously without suspension even during an interrupt
interval. When transmission is performed continuously, data should be written after referencing the TXBFn
bit to prevent writing to the TXBn register by mistake.
This register is read-only in 8-bit or 1-bit units.
After reset, ASIFn is cleared to O0H.

After reset: O0OH R Address: ASIFO FFFFFAO5H, ASIF1 FFFFFA15H

7 6 5 4 3 2 <1> <0>
ASIFn | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ TXBFn ‘ TXSFn |
(n=0,1)
TXBFn Transmission buffer data flag

0 Data to be transferred next to TXBn register does not exist (When the ASIMn.UARTER or ASIMn.TXEn bit
is cleared to 0, or when data has been transferred to the transmission shift register)

1 Data to be transferred next exists in TXBn register (Data exists in TXBn register when the TXBn register
has been written to)

» When transmission is performed continuously, data should be written to the TXBn register after confirming that this
flag is 0. If writing to TXBn register is performed when this flag is 1, transmit data cannot be guaranteed.

TXSFn Transmit shift register data flag (indicates the transmission status of UARTN)

0 Initial status or a waiting transmission (When the UARTEN or TXEn bit is cleared to 0, or when following
transmission completion, the next data transfer from the TXBn register is not performed)

1 Transmission in progress (When data has been transferred from the TXBn register)

* When the transmission unit is initialized, initialization should be executed after confirming that this flag is 0
following the occurrence of a transmission completion interrupt request signal (INTSTn). If initialization is
performed when this flag is 1, transmit data cannot be guaranteed.
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(4)

Receive buffer register n (RXBn)

The RXBn register is an 8-bit buffer register for storing parallel data that had been converted by the receive
shift register.

When reception is enabled (ASIMn.RXEn bit = 1), receive data is transferred from the receive shift register to
the RXBn register, synchronized with the completion of the shift-in processing of one frame. Also, a reception
completion interrupt request signal (INTSRn) is generated by the transfer to the RXBn register. For
information about the timing for generating this interrupt request, refer to 15.5.4 Receive operation.

If reception is disabled (ASIMn.RXEn bit = 0), the contents of the RXBn register are retained, and no
processing is performed for transferring data to the RXBn register even when the shift-in processing of one
frame is completed. Also, the INTSRn signal is not generated.

When 7 bits is specified for the data length, bits 6 to 0 of the RXBn register are transferred for the receive
data and the MSB (bit 7) is always 0. However, if an overrun error (ASISn.OVEn bit = 1) occurs, the receive
data at that time is not transferred to the RXBn register.

The RXBn register becomes FFH when a reset is input or ASIMn.UARTER bit = 0.

This register is read-only in 8-bit units.

After reset: FFH R Address: RXBO FFFFFAO2H, RXB1 FFFFFA12H

7 6 5 4 3 2 1 0
RXBn | RXBn7 ‘ RXBn6 ‘ RXBn5 ‘ RXBn4 ‘ RXBn3 ‘ RXBn2 ‘ RXBn1 ‘ RXBnO |
(n=0,1)

(®)

Transmit buffer register n (TXBn)

The TXBn register is an 8-bit buffer register for setting transmit data.

When transmission is enabled (ASIMn.TXEn bit = 1), the transmit operation is started by writing data to TXBn
register.

When transmission is disabled (TXEn bit = 0), even if data is written to TXBn register, the value is ignored.
The TXBn register data is transferred to the transmit shift register, and a transmission completion interrupt
request signal (INTSTn) is generated, synchronized with the completion of the transmission of one frame
from the transmit shift register. For information about the timing for generating this interrupt request, refer to
15.5.2 Transmit operation.

When ASIFn.TXBFn bit = 1, writing must not be performed to TXBn register.

This register can be read or written in 8-bit units.

After reset, TXBn is set to FFH.

After reset: FFH R/IW Address: TXBO FFFFFAO04H, TXB1 FFFFFA14H

7 6 5 4 3 2 1 0
TXBn | TXBn7 ‘ TXBn6 ‘ TXBn5 ‘ TXBn4 ‘ TXBn3 ‘ TXBn2 ‘ TXBnl ‘ TXBnO |
(n=0,1)
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15.4 Interrupt Requests

The following three types of interrupt request signals are generated from UARTN.

* Reception error interrupt request signal (INTSREnR)
* Reception completion interrupt request signal (INTSRn)
¢ Transmission completion interrupt request signal (INTSTn)

The default priorities among these three types of interrupt request signals are, from high to low, reception error
interrupt, reception completion interrupt, and transmission completion interrupt.

@

@

®

414

Table 15-2. Generated Interrupt Request Signals and Default Priorities

Interrupt Request Signal Priority
Reception error interrupt request signal (INTSREnN) 1
Reception completion interrupt request signal (INTSRn) 2
Transmission completion interrupt request signal (INTSTn) 3

Reception error interrupt request signal (INTSREn)

When reception is enabled, the INTSRER signal is generated according to the logical OR of the three types of
reception errors explained for the ASISn register. Whether the INTSREN signal or the INTSRn signal is
generated when an error occurs can be specified according to the ASIMn.ISRMn bit.

When reception is disabled, the INTSREn signal is not generated.

Reception completion interrupt request signal (INTSRn)
When reception is enabled, the INTSRn signal is generated when data is shifted in to the receive shift register

and transferred to the RXBn register.
The INTSRn signal can be generated in place of the INTSREn signal according to the ASIMn.ISRMn bit even

when a reception error has occurred.
When reception is disabled, the INTSRn signal is not generated.

Transmission completion interrupt request signal (INTSTn)

The INTSTn signal is generated when one frame of transmit data containing 7-bit or 8-bit characters is shifted
out from the transmit shift register.
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15.5 Operation

15.5.1 Data format

Full-duplex serial data transmission and reception can be performed.

The transmit/receive data format consists of one data frame containing a start bit, character bits, a parity bit, and
stop bits as shown in Figure 15-2.

The character bit length within one data frame, the type of parity, and the stop bit length are specified according to
the ASIMn register.

Also, data is transferred LSB first.

Figure 15-2. Format of UARTn Transmit/Receive Data

} 1 data frame |

Start - -
bit | DO | D1 | D2 [ D3 | D4 | D5 | D6 | D7 PZ::Y Stop bits

- J

Character bits

» Start bit --- 1 bit

* Character bits - 7 bits or 8 bits

» Parity bit --- Even parity, odd parity, O parity, or no parity
e Stop bits - 1 bit or 2 bits

User's Manual U16891EJ1VOUD 415



CHAPTER 15 ASYNCHRONOUS SERIAL INTERFACE (UART)

15.5.2 Transmit operation
When the ASIMn.UARTERN bit is set to 1, a high level is output from the TXDn pin.
Then, when the ASIMn.TXEn bit is set to 1, transmission is enabled, and the transmit operation is started by writing

transmit data to the TXBn register.

416

@

@

®)

Transmission enabled state
This state is set by the TXEn bit.

e« TXEn bit = 1. Transmission enabled state
¢ TXEn bit = 0: Transmission disabled state

Since UARTN does not have a CTS (transmission enabled signal) input pin, a port should be used to confirm
whether the destination is in a reception enabled state.

Starting a transmit operation

In the transmission enabled state, a transmit operation is started by writing transmit data to the TXBn register.
When a transmit operation is started, the data in the TXBn register is transferred to the transmit shift register.
Then, the transmit shift register outputs data to the TXDn pin (the transmit data is transferred sequentially
starting with the start bit). The start bit, parity bit, and stop bits are added automatically.

Transmission interrupt

When the transmit shift register becomes empty, a transmission completion interrupt request signal (INTSTn)
is generated. The timing for generating the INTSTn signal differs according to the specification of the stop bit
length. The INTSTn signal is generated at the same time that the last stop bit is output.

If the data to be transmitted next has not been written to the TXBn register, the transmit operation is
suspended.

Caution Normally, when the transmit shift register becomes empty, the INTSTn signal is generated.

However, the INTSTn signal is not generated if the transmit shift register becomes empty
due to reset.
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Figure 15-3. UARTn Transmission Completion Interrupt Timing
(@) Stop bitlength: 1
TXDn (output) \ Start / DO X D1 X D2 x x D6 X D7 XParity » Stop
INTSTn (output) —|
{(
1)
(b) Stop bit length: 2
e ;!
Stop K

TXDn (output) \ Start / DO X D1 X D2 x x D6 X D7 XParity/

INTSTn (output)
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15.5.3 Continuous transmission operation
UARTN can write the next transmit data to the TXBn register at the timing that the transmit shift register starts the

shift operation.

This enables an efficient transmission rate to be realized by continuously transmitting data even

during the transmission completion interrupt service after the transmission of one data frame. In addition, reading the

ASIFN.TXSFn bit after the occurrence of a transmission completion interrupt request signal (INTSTn) enables the

TXBn register to be efficiently written twice (2 bytes) without waiting for the transmission of 1 data frame.

When continuous transmission is performed, data should be written after referencing the ASIFn register to confirm

the transmission status and whether or not data can be written to the TXBn register.

Caution The values of the ASIF.TXBFn and ASIF.TXSFn bits change 10 - 11 - 01 in continuous
transmission.
Therefore, do not confirm the status based on the combination of the TXBFn and TXSFn bits.
Read only the TXBFn bit during continuous transmission.

TXBFn Whether or Not Writing to TXBn Register Is Enabled
0 Writing is enabled
1 Writing is not enabled

Caution When transmission is performed continuously, write the first transmit data (first byte) to the
TXBn register and confirm that the TXBFn bit is 0, and then write the next transmit data (second
byte) to TXBn register. If writing to the TXBn register is performed when the TXBFn bit is 1,
transmit data cannot be guaranteed.

The communication status can be confirmed by referring to the TXSFn bit.

TXSFn Transmission Status
0 Transmission is completed.
1 Under transmission.

Cautions 1. When initializing the transmission unit when continuous transmission is completed, confirm
that the TXSFn bit is 0 after the occurrence of the transmission completion interrupt, and
then execute initialization. If initialization is performed when the TXSFn bit is 1, transmit data
cannot be guaranteed.

2.

418

While transmission is being performed continuously, an overrun error may occur if the next
transmission is completed before the INTSTn interrupt servicing following the transmission
of 1 data frame is executed. An overrun error can be detected by embedding a program that
can count the number of transmit data and referencing TXSFn bit.
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Figure 15-4. Continuous Transmission Processing Flow

Set registers

Write transmit data to
TXBn register

When reading
ASIFn register,
IXBFn =02

Write second byte transmit
data to TXBn register C Interrupt occurrence >

Required
number of transfers
performed?

Yes

When reading
ASIFn register,
TXSFn =02

When reading
ASIFn register,
IXSFn=12

Yes

Write transmit data to
TXBn register

C Wait for interrupt > CEndoftransr_mssmn >
processing

User's Manual U16891EJ1VOUD 419



CHAPTER 15 ASYNCHRONOUS SERIAL INTERFACE (UART)

(1) Starting procedure
The procedure to start continuous transmission is shown below.

Figure 15-5. Continuous Transmission Starting Procedure

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

INTSTn (output) / \

O Stog T\ bit [TTTTTTTTT <
TXDn (output) | Data (1) bitp . Data (2) bitp

TXBn register FFH X Data (1) X Data (2) K Data (3)

[ NN N

N

TXSn register FFH % Data (1)\\ % / Data (2)

% Data (3)/

’ ’ '

Y
ASIFn register am X X X
(TXBFn, TXSFn bits) 00 o1 1 o1 1

A

1 '
01X 11

Note Referto 15.7 Cautions (2).

Transmission Starting Procedure Internal Operation ASIFn Register
TXBFn TXSFn
» Set transmission mode <1> Start transmission unit 0 0
* Write data (1) > 1 0
<2> Generate start bit 1 e
0 1
Start data (1) transmission —_— 0 1
» Read ASIFn register (confirm that TXBFn bit=0) € --|-------------------------—--—--—- 0 1
» Write data (2) > 1 1
<<Transmission in progress>>
<3> INTSTn interrupt occurs _— 0 1
» Read ASIFn register (confirm that TXBFNn bit = 0) € === ==-===-----cccoocomm oo oot 0 1
* Write data (3) > 1 1
<4> Generate start bit
Start data (2) transmission
<<Transmission in progress>>
<5> INTSTn interrupt occurs —_—> 0 1
* Read ASIFn register (confirm that TXBFn bit=0) ¢ --j---------------------------—--- 0 1
» Write data (4) > 1 1

Note Referto 15.7 Cautions (2).
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(2) Ending procedure

The procedure for ending continuous transmission is shown below.

Figure 15-6. Continuous Transmission End Procedure

Start Start
ron oupwy ] N AT
<6> <7> <8> <9> <10> <11>
INTSTn (output) /_\ /_\
TXBn register Data (m - 1) X\ Data (m)
N A\ N

TXSn register % / Data (m - 1) % Data (m)

X FFH

A

ASIFn register .
(TXBFn, TXSFn bits) _++ A%

11

X 01

A

UARTER bit
or
TXEn bit

Transmission End Procedure

Internal Operation

ASIFn Register

TXBFn TXSFn
<6> Transmission of data (m — 2) is in 1 1
progress
<7> INTSTn interrupt occurs _— 0 1
* Read ASIFn register (confirm that TXBFn bit =0) ¢ ----fF--==-=-=-=----=------------------ 0 1
« Write data (m) > 1 1
<8> Generate start bit
Start data (m — 1) transmission
<<Transmission in progress>>
<9> INTSTninterrupt occurs — > 0 1
¢ Read ASIFn register (confirm that TXSFn bit=1) €----f-------------------=----=-------- 0 1
There is no write data
<10> Generate start bit
Start data (m) transmission
<<Transmission in progress>>
<11> Generate INTSTn interrupt——————>| 0 0
+ Read ASIFn register (confirm that TXSFn bit = 0) ¢ - ==~ 1---~--------=-------------------- 0 0
« Clear (0) the UARTER bit or TXEn bit Initialize internal circuits
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15.5.4 Receive operation
The awaiting reception state is set by setting the ASIMn.UARTER bit to 1 and then setting the ASIMn.RXEn bit to 1.
To start the receive operation, start sampling at the falling edge when the falling of the RXDn pin is detected. If the

RXDn pin is low level at a start bit sampling point, the start bit is recognized. When the receive operation begins,

serial data is stored sequentially in the receive shift register according to the baud rate that was set. A reception

completion interrupt request signal (INTSRn) is generated each time the reception of one frame of data is completed.

Normally, the receive data is transferred from the RXBn register to memory by this interrupt servicing.

422

@

@)

©)

Reception enabled state
The receive operation is set to the reception enabled state by setting the RXEn bit to 1.

* RXEn bit = 1: Reception enabled state
* RXEn bit = 0: Reception disabled state

In receive disabled state, the reception hardware stands by in the initial state. At this time, the contents of the
RXBn register are retained, and no reception completion interrupt or reception error interrupt is generated.

Starting a receive operation
A receive operation is started by the detection of a start bit.
The RXDn pin is sampled using the serial clock from baud rate generator n (BRGn).

Reception completion interrupt

When the RXEn bit = 1 and the reception of one frame of data is completed (the stop bit is detected), the
INTSRn signal is generated and the receive data within the receive shift register is transferred to the RXBn
register at the same time.

Also, if an overrun error (ASISn.OVEn bit = 1) occurs, the receive data at that time is not transferred to the
RXBn register, and either the INTSRn signal or a reception error interrupt request signal (INTSREn) is
generated according to the ASIMn.ISRMn bit setting.

Even if a parity error (ASISn.PEn bit = 1) or framing error (ASISn.FEn bit = 1) occurs during a reception
operation, the receive operation continues until stop bit is received, and after reception is completed, either
the INTSRn signal or the INTSREn signal is generated according to the ISRMn bit setting (the receive data
within the receive shift register is transferred to the RXBn register).

If the RXEn bit is cleared (0) during a receive operation, the receive operation is immediately stopped. The
contents of the RXBn register and the ASISn register at this time do not change, and the INTSRn signal or
the INTSRER signal is not generated.

The INTSRn signal or the INTSRER signal is not generated when the RXEn bit = O (reception is disabled).
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Figure 15-7. UARTNn Reception Completion Interrupt Timing

RXDn (input) \ Start/ DO X D1 X D2 x x D6 X D7 XParity/Stop '."

INTSRn (output)

|

RXBn register

Cautions 1.

Be sure to read the RXBn register even when a reception error occurs.
register is not read, an overrun error will occur at the next data reception and the

reception error status will continue infinitely.
2. Reception is always performed assuming a stop bit length of 1.

A second stop bit is ignored.

If the RXBn

15.5.5 Reception error

The three types of errors that can occur during a receive operation are a parity error, framing error, and overrun
error. As a result of data reception, the various flags of the ASISn register are set (1), and a reception error interrupt
request signal (INTSREN) or a reception completion interrupt request signal (INTSRn) is generated at the same time.

The ASIMn.ISRMn bit specifies whether the INTSREN signal or the INTSRn signal is generated.
The type of error that occurred during reception can be detected by reading the contents of the ASISn register

during the INTSREnN or INTSRn interrupt servicing.
The contents of the ASISn register are cleared (0) by reading the ASISn register.

Table 15-3. Reception Error Causes

Error Flag

Reception Error Cause

PEn

The parity specification during transmission did not match
the parity of the reception data

Parity error

FEn

Framing error No stop bit was detected

OVEnN

The reception of the next data was completed before data
was read from the RXBn register

Overrun error
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(1) Separation of reception error interrupt request signal
A reception error interrupt request signal can be separated from the INTSRn signal and generated as the

INTSRER signal by clearing the ISRMn bit to 0.

Figure 15-8. When Reception Error Interrupt Request Signal Is Separated from INTSRn Signal (ISRMn Bit = 0)

(a) No error occurs during reception

INTSRn signal |_|
(Reception completion

interrupt)

INTSRER signal
(Reception error

interrupt)

(b) An error occurs during reception

INTSRn signal
(Reception completion

interrupt) t INTSRn

does not occur
INTSRER signal |_|

(Reception error
interrupt)

Figure 15-9. When Reception Error Interrupt Request Signal Is Included in INTSRn Signal (ISRMn Bit = 1)

(a) No error occurs during reception

INTSRn signal |_|
(Reception completion

interrupt)

INTSRERN signal
(Reception error

interrupt)

(b) An error occurs during reception

INTSRn signal |_|
(Reception completion

interrupt)

INTSRER signal
(Reception error

interrupt) L INTSRERN

does not occur
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15.5.6 Parity types and corresponding operation

A parity bit is used to detect a bit error in communication data. Normally, the same type of parity bit is used on the

transmission and reception sides.

1)

2

@)

(4)

Even parity

(i) During transmission
The parity bit is controlled so that the number of bits with the value “1” within the transmit data including
the parity bit is even. The parity bit value is as follows.

« If the number of bits with the value “1” within the transmit data is odd: 1
« |f the number of bits with the value “1” within the transmit data is even: 0

(ii) During reception
The number of bits with the value “1” within the receive data including the parity bit is counted, and a
parity error is generated if this number is odd.

Odd parity

(i) During transmission
In contrast to even parity, the parity bit is controlled so that the number of bits with the value “1” within the
transmit data including the parity bit is odd. The parity bit value is as follows.

« If the number of bits with the value “1” within the transmit data is odd: O
« |f the number of bits with the value “1” within the transmit data is even: 1

(i) During reception
The number of bits with the value “1” within the receive data including the parity bit is counted, and a
parity error is generated if this number is even.

0 parity

During transmission the parity bit is set to “0” regardless of the transmit data.

During reception, no parity bit check is performed. Therefore, no parity error is generated regardless of
whether the parity bit is “0” or “1”.

No parity

No parity bit is added to the transmit data.

During reception, the receive operation is performed as if there were no parity bit. Since there is no parity bit,
no parity error is generated.
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15.5.7 Receive data noise filter

The RXDn signal is sampled at the rising edge of the prescaler output base clock (fuck). If the same sampling
value is obtained twice, the match detector output changes, and this output is sampled as input data. Therefore, data
not exceeding one clock width is judged to be noise and is not delivered to the internal circuit (refer to Figure 15-11).
Refer to 15.6.1 (1) Base clock regarding the base clock.

Also, since the circuit is configured as shown in Figure 15-10, internal processing during a receive operation is
delayed by up to 2 clocks according to the external signal status.

Figure 15-10. Noise Filter Circuit

fuctk

Base clock

Internal signal A

RXDn © —» Internal signal B

\/
5
Q

A
5
o)

Match detector

Yy
\

LD_EN

Figure 15-11. Timing of RXDn Signal Judged as Noise

Baseclock|||||||||||||||||||||||||||||

RXDn (input)

Internal signal A

A A A A
Match Mismatch Match Mismatch
(judged as noise) (judged as noise)

Internal signal B
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15.6 Dedicated Baud Rate Generator n (BRGn)

A dedicated baud rate generator, which consists of a source clock selector and an 8-bit programmable counter,
generates serial clocks during transmission/reception by UARTNn. The dedicated baud rate generator output can be
selected as the serial clock for each channel.

Separate 8-bit counters exist for transmission and for reception.

15.6.1 Baud rate generator n (BRGn) configuration

Figure 15-12. Configuration of Baud Rate Generator n (BRGn)

UARTEnN
fxx —»
bod2 UARTEn and TXEn b
nan n bits
—»
:xxg (or RXEn bit)
XX b
fxx/16 —» l
f > — fUCLKNOte 1
fXX;f634 Selector 8-bit counter
XX >
fxx/128 —»
fxx/256 —»
fxx/512 —» ~_—
—>
Ascf}f(()/:‘;‘?fll Match detector 1/2  |— Baud rate
CKSRn: TPSn3 to TPSnO BRGCn: MDLn7 to MDLNnO

Notes 1. Set fucik so as to satisfy the following conditions.
e REGC =Vop=4.0t05.5V: fuclk <12 MHz
e REGC = Capacity, Voo = 4.0 t0 5.5 V: fuclk <6 MHz
e REGC =Vbp=2.71t0 4.0 V: fucik <6 MHz
2. ASCKO pin input can be used only by UARTO.

Remark fxx: Main clock frequency

(1) Base clock
When the ASIMn.UARTER bit = 1, the clock selected according to the CKSRn.TPSn3 to CKSRn.TPSn0 bits
is supplied to the transmission/reception unit. This clock is called the base clock (fucik). When the UARTEN
bit = 0, fucLk is fixed to low level.
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15.6.2 Serial clock generation
A serial clock can be generated according to the settings of the CKSRn and BRGCn registers.
The base clock to the 8-bit counter is selected by the CKSRn.TPSn3 to CKSRn.TPSnO bits.
The 8-bit counter divisor value can be set by the BRGCn.MDLn7 to BRGCn.MDLnNO bits.

(1) Clock select register n (CKSRn)

The CKSRn register is an 8-bit register for selecting the basic block using the TPSn3 to TPSnO bits. The
clock selected by the TPSn3 to TPSn0 bits becomes the base clock (fucLk) of the transmission/reception

module.

This register can be read or written in 8-bit units.
After reset, CKSRn is cleared to O0OH.

Caution Clear the ASIMn.UARTERN bit to 0 before rewriting the TPSn3 to TPSNO bits.

After reset: 00H R/IW Address: CKSRO FFFFFAO6H, CKSR1 FFFFFA16H
7 6 5 4 3 2 1 0
cksRn | 0 0 o | o |[Trsn3| TPsn2 | TPsn1 | TPsno |
(n=0,1)
TPSn3 | TPSn2 | TPSnl | TPSnO Base clock (fuctk)™*
0 0 0 0 fxx
0 0 0 1 fxx/2
0 0 1 0 fxxl4
0 0 1 1 fxx/8
0 1 0 0 fxx/16
0 1 0 1 fxx/32
0 1 1 0 fxx/64
0 1 1 1 fxx/128
1 0 0 0 fxx/256
1 0 0 1 fxx/512
1 0 1 0 fxx/1,024
1 0 1 1 External clock*? (ASCKO pin)

Other than above

Setting prohibited

Remark fxx: Main clock frequency

Notes 1. Set fucik SO as to satisfy the following conditions.
* REGC =Vop=4.0t05.5V: fuctk <12 MHz
* REGC = Capacity, Voo =4.0t0 5.5 V: fuck £ 6 MHz
* REGC = Vop =2.7t0 4.0 V: fucik <6 MHz
2. ASCKO pin input clock can be used only by UARTO.
Setting of UART1 is prohibited.
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(2) Baud rate generator control register n (BRGCn)
The BRGChn register is an 8-bit register that controls the baud rate (serial transfer speed) of UARTN.
This register can be read or written in 8-bit units.
After reset, BRGCn is set to FFH.

Caution If the MDLn7 to MDLNO bits are to be overwritten, the ASIMNn.TXEn and ASIMn.RXEn bits
should be cleared to O first.

After reset: FFH R/W Address: BRGCO FFFFFAO7H, BRGC1 FFFFFA17H

7 6 5 4 3 2 1 0
BRGCn | MDLn7 ‘ MDLN6 ‘ MDLn5 ‘ MDLn4 ‘ MDLNn3 ‘ MDLn2 ‘ MDLn1 ‘ MDLNO |
(n=0,1)
MDLn7 [MDLNn6|MDLn5 |MDLn4 |MDLn3|MDLNn2 |MDLn1|MDLnO| Set value Serial clock
(k)
0 0 0 0 0 X X X - Setting prohibited
0 0 0 0 1 0 0 0 8 fuck/8
0 0 0 0 1 0 0 1 9 fuck/9
0 0 0 0 1 0 1 0 10 fucLk/10
1 1 1 1 1 0 1 0 250 fucLk/250
1 1 1 1 1 0 1 1 251 fuck/251
1 1 1 1 1 1 0 0 252 fucLk/252
1 1 1 1 1 1 0 1 253 fucLk/253
1 1 1 1 1 1 1 0 254 fucLk/254
1 1 1 1 1 1 1 1 255 fucLk/255
Remarks 1. fucik: Frequency [Hz] of base clock selected by CKSR0O.TPSn3 to CKSR0O.TPSnO0 bits
2. k: Value set by MDLn7 to MDLnNO bits (k = 8, 9, 10, ..., 255)
3. The baud rate is the output clock for the 8-bit counter divided by 2.
4. x: don't care
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(3) Baud rate

The baud rate

is the value obtained by the following formula.

Baud rate [bps] = fuci
2 xKk

fucLk = Frequency [Hz] of base clock selected by CKSRn.TPSn3 to CKSRn.TPSnO bits.
k = Value set by BRGCn.MDLn7 to BRGCn.MDLnO bits (k = 8, 9, 10, ..., 255)

(4) Baud rate error

The baud rate

error is obtained by the following formula.

Actual baud rate (baud rate with error)

Error (%) =[ —1] x 100 [%]

Target baud rate (normal baud rate)

430

Cautions 1. Make sure that the baud rate error during transmission does not exceed the allowable
error of the reception destination.

2. Make sure that the baud rate error during reception is within the allowable baud rate
range during reception, which is described in 15.6.4 Allowable baud rate range
during reception.

Example: Base clock frequency = 10 MHz = 10,000,000 Hz

Setting of BRGCn.MDLn7 to BRGCn.MDLNO bits = 00100001B (k = 33)
Target baud rate = 153,600 bps

Baud rate = 10,000,000/(2 x 33)
= 151,515 [bps]

Error = (151,515/153,600 — 1) x 100
= -1.357 [%]
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15.6.3 Baud rate setting example

Table 15-4. Baud Rate Generator Setting Data

Baud Rate fix = 20 MHz fix = 16 MHz fix = 10 MHz
(bps) fuck k ERR fuck k ERR fuck k ERR
300 fud512 | 41H (65) | 0.6 | f/1024 | 1AH (26) | 0.16 fd256 | 41H (65) | 0.16
600 fd256 | 41H (65) | 0.16 | fxx/1024 | ODH(13) | 0.16 fd128 | 41H (65) | 0.16
1200 fd128 | 41H (65) | 0.16 f/512 | ODH (13) | 0.16 fi/64 | 41H (65) | 0.16
2400 fd64 | 41H (65) | 0.16 fd256 | ODH (13) | 0.16 fd32 | 41H (65) | 0.16
4800 fd32 | 41H (65) | 0.16 fd128 | ODH (13) | 0.16 fodl6 | 41H (65) | 0.16
9600 fdl6 | 41H (65) | 0.16 fd64 | ODH (13) | 0.16 fd8 | 41H (65) | 0.16
10400 f/64 | OFH (15) | 0.16 f/64 | OCH (12) | 0.16 f/32 | OFH(15) | 0.16
19200 fod8 | 41H (65) | 0.16 fod32 | ODH (13) | 0.16 fodd | 41H (65) | 0.16
24000 fd32 | ODH (13) | 0.16 fod2 | ATH(@67) | -0.20 fodl6 | ODH (13) | 0.16
31250 fd32 | OAH (10) | 0.00 fd32 | O8H (8) 0.00 fd16 | OAH (10) 0
33600 fd2 | 95H (149) | -0.13 fd2 | 77TH(119) | 004 fc | 95H (149) | -0.13
38400 fodd | 41H(65) | 0.16 fdl6 | ODH (13) | 0.16 fod2 | 41H(@5) | 0.6
48000 fdl6 | ODH (13) | 0.16 fod2 | 53H(83) | 040 fd8 | ODH(13) | 0.16
56000 fod2 | 59H (89) | 0.32 fod2 | 4TH(71) | 060 ficx 50H (89) | 0.32
62500 fdl6 | OAH (10) | 0.00 fdl6 | O8H (8) 0.00 fd8 | OAH (10) | 0.00
76800 fd2 | 41H (65) | 0.16 fd8 | ODH (13) | 0.16 Fix 41H (65) | 016
115200 fod2 | 2BH@43) | 094 fd2 | 23H(35) | -0.79 Fox 2BH (43) | 094
153600 fd2 | 21H(33) | -1.36 fod4 | ODH (13) | 0.16 ficx 21H(33) | -1.36
312500 fudd | 08H (8) 0 fid2 | ODH(13) | -154 fd2 | 0BH(8) | 0.00

Caution The allowable frequency of the base clock (fuctk) is as follows.
* REGC =Vbp=4.0t0 5.5 V: fuclk £ 12 MHz

* REGC = Capacity, Voo = 4.0 to 5.5 V: fucLk £ 6 MHz
* REGC = Vop = 2.7t0 4.0 V: fucLk < 6 MHz

Remark fxx:

fucLk:
k:

ERR:
n=0,

Main clock frequency
Base clock frequency
Set values of BRGCn.MDLn7 to BRGCn.MDLnNO bits

Baud rate error [%]

1

User's Manual U16891EJ1VOUD

431



CHAPTER 15 ASYNCHRONOUS SERIAL INTERFACE (UART)

15.6.4 Allowable baud rate range during reception

The degree to which a discrepancy from the transmission destination’s baud rate is allowed during reception is
shown below.

Caution The equations described below should be used to set the baud rate error during reception so
that it always is within the allowable error range.

Figure 15-13. Allowable Baud Rate Range During Reception

Latch timing
\Y \Y \Y \Y \Y #7
[
UARTN \ Start bit /< Bit 0 X Bit 1 Bit 7 XParity bity Stop bit\
transfer rate
4+ —>

FL

<
<

»
»

1 data frame (11 x FL)

Minimum allowable Startbit { Bito ) Bit1 Bit7 ) Parity bit ] Stop bit
transfer rate

<&
<

»
»

FLmin
Maximum allowable \ Start bit/< Bit 0 X Bit 1 Bit 7 XParity bitysmp bit
transfer rate
h FLmax -

As shown in Figure 15-13, after the start bit is detected, the receive data latch timing is determined according
to the counter that was set by the BRGCn register. If all data up to the final data (stop bit) is in time for this
latch timing, the data can be received normally.

If this is applied to 11-bit reception, the following is theoretically true.
FL = (Brate) ™

Brate: UARTN baud rate
k: BRGCn register set value
FL: 1-bit data length

When the latch timing margin is 2 base clocks, the minimum allowable transfer rate (FLmin) is as
follows.

FLmin=1ixFL - —X=2 - 2&k+2 -
2k 2k
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Therefore, the transfer destination’s maximum receivable baud rate (BRmax) is as follows.

22k

— H o —
BRmax = (FLmin/11)™ = 21Kk + 2 Brate

Similarly, the maximum allowable transfer rate (FLmax) can be obtained as follows.

10 i Fimax=11xFL- X2 wp =2K=2
11 2xk 2xk
FLmax=2%X"2¢ «11
ok

Therefore, the transfer destination’s minimum receivable baud rate (BRmin) is as follows.

20k
BRmin = (FLmax/11)™ = _ 20k Brate
21k -2

The allowable baud rate error of UARTn and the transfer destination can be obtained as follows from the
expressions described above for computing the minimum and maximum baud rate values.

Table 15-5. Maximum and Minimum Allowable Baud Rate Error

Division Ratio (k) Maximum Allowable Minimum Allowable
Baud Rate Error Baud Rate Error
8 +3.53% -3.61%
20 +4.26% -4.31%
50 +4.56% —4.58%
100 +4.66% —4.67%
255 +4.72% —4.73%

Remarks 1. The reception precision depends on the number of bits in one frame, the base clock frequency,
and the division ratio (k). The higher the base clock frequency and the larger the division ratio

(k), the higher the precision.

2. k: BRGCn register set value
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15.6.5 Transfer rate during continuous transmission

During continuous transmission, the transfer rate from a stop bit to the next start bit is extended two clocks of the
base clock longer than normal. However, on the reception side, the transfer result is not affected since the timing is
initialized by the detection of the start bit.

Figure 15-14. Transfer Rate During Continuous Transmission

1 data frame Start bit of
< > v/ second byte
\ Start bit /( Bit 0 X Bit 1 x x Bit 7 XParity bity Stop bit \Start bit ‘ Bit 0 x
T L P E— R E—
o i FL FL FL FLstp FL FL

Representing the 1-bit data length by FL, the stop bit length by FLstp, and the base clock frequency by fucik
yields the following equation.

FLstp = FL + 2/fucLk
Therefore, the transfer rate during continuous transmission is as follows (when the stop bit length = 1).
Transfer rate = 11 x FL + (2/fucLk)
15.7 Cautions
Cautions to be observed when using UARTn are shown below.

(1) When the supply of clocks to UARTN is stopped (for example, in IDLE or STOP mode), operation stops with
each register retaining the value it had immediately before the supply of clocks was stopped. The TXDn pin
output also holds and outputs the value it had immediately before the supply of clocks was stopped.
However, operation is not guaranteed after the supply of clocks is restarted. Therefore, after the supply of
clocks is restarted, the circuits should be initialized by clearing the ASIMn.UARTEnN, ASIMn.RXEn, and
ASIMn.TXEn bits to 000.

(2) UARTN has a 2-stage buffer configuration consisting of the TXBn register and the transmission shift register,
and has status flags (ASIFn.TXBFn and ASIFNn.TXSFn bits) that indicate the status of each buffer. If the
TXBFn and TXSFn bits are read in continuous transmission, the value changes 10 - 11 - 01. For the
timing to write the next data to the TXBn register, read only the TXBFn bit during continuous transmission.
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CHAPTER 16 CLOCKED SERIAL INTERFACE 0 (CSIO)

In the VB50ES/KF1, two clocked serial interface 0 (CSIO) channels are provided.
16.1 Features

e Maximum transfer speed: 5 Mbps
e Master mode/slave mode selectable
e Transmission data length: 8 bits or 16 bits can be set
e MSB/LSB-first selectable for transfer data
e Eight clock signals can be selected (7 master clocks and 1 slave clock)
e 3-wire type SOOn: Serial transmit data output
SIOn:  Serial receive data input
SCKOn: Serial clock 1/0
e |Interrupt sources: 1 type
e Transmission/reception completion interrupt request signal (INTCSIOn)
e Transmission/reception mode or reception-only mode selectable
e Two transmission buffer registers (SOTBFn/SOTBFLn, SOTBn/SOTBLN) and two reception buffer registers
(SIRBN/SIRBLnN, SIRBEN/SIRBELRN) are provided on chip
e Single transfer mode/continuous transfer mode selectable

Remark n=0,1
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16.2 Configuration

CSIOn is controlled via the CSIMOn register.

(1) Clocked serial interface mode register On (CSIMOn)
The CSIMOn register is an 8-bit register that specifies the operation of CSIOn.

(2) Clocked serial interface clock selection register n (CSICn)
The CSICn register is an 8-bit register that controls the CSIOn serial transfer operation.

(3) Serial I/O shift register On (SIO0nN)
The SIOOnN register is a 16-bit shift register that converts parallel data into serial data.
The SIOO0n register is used for both transmission and reception.
Data is shifted in (reception) and shifted out (transmission) from the MSB or LSB side.
The actual transmission/reception operations are started up by accessing the buffer register.

(4) Serial I/O shift register OnL (SIO0ONL)
The SIOOnNL register is an 8-bit shift register that converts parallel data into serial data.
The SIOOnNL register is used for both transmission and reception.
Data is shifted in (reception) and shifted out (transmission) from the MSB or LSB side.
The actual transmission/reception operations are started up by access of the buffer register .

(5) Clocked serial interface receive buffer register n (SIRBn)
The SIRBnN register is a 16-bit buffer register that stores receive data.

(6) Clocked serial interface receive buffer register nL (SIRBnL)
The SIRBnNL register is an 8-bit buffer register that stores receive data.

(7) Clocked serial interface read-only receive buffer register n (SIRBEn)
The SIRBER register is a 16-bit buffer register that stores receive data.
The SIRBERN register is the same as the SIRBn register. It is used to read the contents of the SIRBn register.

(8) Clocked serial interface read-only receive buffer register nL (SIRBENL)
The SIRBENL register is an 8-bit buffer register that stores receive data.
The SIRBEnNL register is the same as the SIRBnL register. It is used to read the contents of the SIRBnL
register.

(9) Clocked serial interface transmit buffer register n (SOTBn)
The SOTBn register is a 16-bit buffer register that stores transmit data.

(10) Clocked serial interface transmit buffer register nL (SOTBLnL)
The SOTBnL register is an 8-bit buffer register that stores transmit data.

(11) Clocked serial interface initial transmit buffer register n (SOTBFn)

The SOTBFnN register is a 16-bit buffer register that stores the initial transmit data in the continuous transfer
mode.
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(12) Clocked serial interface initial transmit buffer register nL (SOTBFnL)
The SOTBFnNL register is an 8-bit buffer register that stores initial transmit data in the continuous transfer
mode.

(13) Selector
The selector selects the serial clock to be used.

(14) Serial clock controller
Controls the serial clock supply to the shift register. Also controls the clock output to the SCKOn pin when the
internal clock is used.

(15) Serial clock counter
Counts the serial clock output or input during transmission/reception, and checks whether 8-bit or 16-bit data
transmission/reception has been performed.

(16) Interrupt controller
Controls the interrupt request timing.

Remark n=0,1

Figure 16-1. Block Diagram of Clocked Serial Interface

fxx/26 ——

Serial clock controller
fxx[25 ———

L —— () SCKon
/23 Clock start/stop control
122 Selector &
fod2 clock phase control terupt
bod2 | controller INTCSIOn
TO5Nn ———
SCKOn (O—
Transmission control
Transmission data control J Control signal
Initial transmit . E
buffer register SO selection —————0) SOO0n
(SOTBFN/SOTBFNL) :
Transmit
buffer register
(SOTBN/SOTBNL)

Shift register
(SIOn/SI00NL) SO latch

U

Receive buffer register
(SIRBN/SIRBNL)

SIon

Remarks 1. n=0,1
2. fxx: Main clock
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16.3 Registers

(1) Clocked serial interface mode register On (CSIMOn)
The CSIMOn register controls the CSIOn operation.
This register can be read or written in 8-bit or 1-bit units (however, CSOTn bit is read-only).
After reset, CSIMOn is cleared to O0H.

Caution Overwriting the CSIMOn.TRMDn, CSIMOn.CCLn, CSIMOn.DIRn, CSIMOn.CSITn, and
CSIMONn.AUTORN bits can be done only when the CSOTn bit = 0. If these bits are overwritten
at any other time, the operation cannot be guaranteed.
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CHAPTER 16 CLOCKED SERIAL INTERFACE 0 (CSI0)

After reset: O0H R/IW Address: CSIM00 FFFFFDOOH, CSIMO1 FFFFFD10H

<7> <6> 5 <4> 3 2 1 <0>
CSIMOn | CSIOEN ‘ TRMDn ‘ CCLn ‘ DIRnN ‘ CSITn ‘ AUTON ‘ 0 ‘ CSOTn |
(n=0,1)
CSIOEN CSI0n operation enable/disable

0 Disable CSIOn operation.

1 Enable CSIOn operation.

The internal CSIOn circuit can be reset" asynchronously by clearing the CSIOEn bit to 0. For the SCKOn and SOOn
pin output status when the CSIOEn bit = 0, refer to 16.5 Output Pins.

TRMDn Specification of transmission/reception mode
0 Receive-only mode
1 Transmission/reception mode

When the TRMDn bit = 0, reception is performed and the SOO0n pin outputs a low level. Data reception is started by
reading the SIRBn register.
When the TRMDn bit = 1, transmission/reception is started by writing data to the SOTBn register.

CCLn Specification of data length
0 8 bits
1 16 bits
DIRn Specification of transfer direction mode (MSB/LSB)

0 First bit of transfer data is MSB

1 First bit of transfer data is LSB

CSITn Control of delay of interrupt request signal

0 No delay

1 Delay mode (interrupt request signal is delayed 1/2 cycle compared to the serial clock)

The delay mode (CSITn bit = 1) is valid only in the master mode (CSICn.CKSOn2 to CSICn.CSKOnNO bits are not
111B). In the slave mode (CKSOn2 to CKSOnO bits are 111B), do not set the delay mode.

AUTOnN Specification of single transfer mode or continuous transfer mode
0 Single transfer mode
1 Continuous mode
CSOTn Communication status flag
0 Communication stopped
1 Communication in progress

The CSOTNn bit is cleared (0) by writing 0 to the CSIOEn bit.

Note The CSOTn bit and the SIRBn, SIRBnL, SIRBE, SIRBENL, SIOn, and SIOnL registers are reset.
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(2) Clocked serial interface clock selection register n (CSICn)

The CSICn register is an 8-bit register that controls the CSIOn transfer operation.

This register can be read or written in 8-bit or 1-bit units.

After reset, CSICn is cleared to O0H.

Caution The CSICn register can be overwritten only when the CSIMOn.CSIOEn bit = 0.

After reset: 00H R/W

Address: CSICO FFFFFDO1H, CSIC1 FFFFFD11H

7 6 5 4 3 2 1 0
csicn | o | o | o | cken | pAPn | ckson2 | cksont | cksono |
(n=0,1)
CKPn DAPN Specification of timing of transmitting/receiving data to/from SCKOn
0 0 (Type 1) sckonwo) L[ LI LI LML LI LML
SO0n (output) {DO7XDO6XDO5XDO4XDO3XDO2XDO1XDO0
SI0n (input) { DI7 X DI6 X DI5 X D4 X DI3 X DI2 X DI1 X DI0
0 1 (Type 2) sckon@oy LI LI LML L LML L™
S00n (output) (D07XD06XDO5XDO4XDO3XDO2XDOIXDO0
sion (input) __XDI7 X Di6 X DI5 X DI4 X DI3 X DI2 X DI1 X DI0
1 0 | (Type3) sckonroy LTI LI LML LI LI
S00n (output) (DO7XDO6XDO5XDO4XDO3XDO2XDO1XDOO
SI0n (input) (D17 X Di6 X DI5 X DI4 X DI3 X DI2 X DI1 X DIO
1 1 (Type 4) sckonoy | LI LI LI LML LI LI

S00n (output) __XDO7XDOSXDOSXDO4XDOSKDO2XDOIRDO0
sion (input) __X DI7 X DI6 X DI5 X Di4 X DI3 X Di2 X DI1 X DIO

CKSO0n2 | CKSOn1 [ CKSOnO Serial clock™* Mode

0 0 0 fxx/2 Master mode
0 0 1 fxx/2? Master mode
0 1 0 fxx/2? Master mode
0 1 1 frx/2* Master mode
1 0 0 fxx/2° Master mode
1 0 1 fxx/2° Master mode
1 1 0 Clock generated by TO5n Master mode
1 1 1 External clock (SCKOn pin) Slave mode

Note Set the serial clock so as to satisfy the following conditions.
* REGC = Vbp =4.0to 5.5 V: Serial clock <5 MHz
* REGC = Capacity, Vob = 4.0 to 5.5 V: Serial clock < 2.5 MHz
* REGC = Vop = 2.7 to 4.0 V: Serial clock < 2.5 MHz

Remark fxx: Main clock frequency
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(3) Clocked serial interface receive buffer registers n, nL (SIRBn, SIRBnL)
The SIRBnN register is a 16-bit buffer register that stores receive data.

When the receive-only mode is set (CSIMOn.TRMDn bit = 0), the reception operation is started by reading
data from the SIRBn register.

This register is read-only in 16-bit units. When the lower 8 bits are used as the SIRBnL register, this register
is read-only in 8-bit units.

In addition to reset input, this register can also be initialized by clearing (0) the CSIMOn.CSIOEn bit.

Cautions 1.

2.

Read the SIRBn register only when a 16-bit data length has been set (CSIMOn.CCLn bit =
1).

Read the SIRBnL register only when an 8-bit data length has been set (CCLn bit = 0).
When the single transfer mode has been set (CSIMOn.AUTON bit = 0), perform a read
operation only in the idle state (CSIMOn.CSOTn bit = 0). If the SIRBn or SIRBnL register
is read during data transfer, the data cannot be guaranteed.

(@) SIRBn register

After reset: 0000H R Address: SIRBO FFFFFDO2H, SIRB1 FFFFFD12H

SIRBnN
(n=0,1)

(b) SIRBnNL register

After reset: 00H R Address: SIRBOL FFFFFDO2H, SIRB1L FFFFFD12H

SIRBnL | SIRBN7 ‘ SIRBn6 ‘ SIRBn5 ‘ SIRBn4 ‘ SIRBn3 ‘ SIRBn2 ‘ SIRBnl1 ‘ SIRBNO |

(n=0,1)

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

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

7 6 5 4 3 2 1 0
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(4) Clocked serial interface read-only receive buffer registers n, nL (SIRBEn, SIRBENL)

The SIRBERN register is a 16-bit buffer register that stores receive data.

The SIRBEN register is the same as the SIRBn register. Even if the SIRBEn register is read, the next
operation will not start. The SIRBEN register is used to read the contents of the SIRBn register when the
serial reception is not continued.

This register is read-only in 16-bit units. However, when the lower 8 bits are used as the SIRBEnNL register,
the register is read-only in 8-bit units.

In addition to reset input, this register can also be initialized by clearing (0) the CSIMOn.CSIOEn bit.

Cautions 1. The receive operation is not started even if data is read from the SIRBEn and SIRBEnL
registers.
2. The SIRBEnN register can be read only if a 16-bit data length has been set (CSIMOn.CCLn
bit = 1).
The SIRBENL register can be read only if an 8-bit data length has been set (CCLn bit = 0).

(@) SIRBEN register

After reset: 0000H R Address: SIRBEO FFFFFDO6H, SIRBE1 FFFFFD16H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SIRBEN  |[SIRBEn|SIRBEN|SIRBEn|SIRBEN|SIRBEN|SIRBEN|SIRBEN|SIRBEN SIRBEN|SIRBEN|SIRBEN|SIRBEN|SIRBEN|SIRBEN| SIRBEN| SIRBEN
(n=0,1) 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

(b) SIRBENL register

After reset: OOH R Address: SIRBEOL FFFFFDO6H, SIRBE1L FFFFFD16H
7 6 5 4 3 2 1 0
SIRBENL | SIRBEN7 ‘ SIRBEN6 ‘ SIRBENS ‘ SIRBENn4 ‘ SIRBEN3 ‘ SIRBEN2 ‘ SIRBEN1 ‘ SIRBEnOl
(n=0,1)
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(5) Clocked serial interface transmit buffer registers n, nL (SOTBn, SOTBnL)
The SOTBnN register is a 16-bit buffer register that stores transmit data.
When the transmission/reception mode is set (CSIMOn.TRMDn bit = 1), the transmission operation is started
by writing data to the SOTBn register.
This register can be read or written in 16-bit units. However, when the lower 8 bits are used as the SOTBnL
register, the register is read-only in 8-bit units.
After reset, this register is initialized.

Cautions 1. Access the SOTBn register only when a 16-bit data length has been set (CSIMOn.CCLn
bit = 1).

Access the SOTBnL register only when an 8-bit data length has been set (CCLn bit = 0).
When the single transfer mode is set (CSIMOn.AUTOn bit = 0), perform access only in
the idle state (CSIMONn.CSOTn bit = 0). If the SOTBn and SOTBnL registers are accessed
during data transfer, the data cannot be guaranteed.

(a) SOTBnN register

After reset: 0000H R/W Address: SOTBO FFFFFD04H, SOTB1 FFFFFD14H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOTBn SOTBNn|SOTBN| SOTBNSOTBN|SOTBN|SOTBN|SOTBN|{SOTBN|SOTBN|SOTBN|SOTBN|SOTBN|SOTBN|SOTBN|SOTBN|SOTBN
(n=0,1) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(b) SOTBnNL register
After reset: 00H R/W Address: SOTBOL FFFFFDO04H, SOTB1L FFFFFD14H
7 6 5 4 3 2 1 0
SoTBnL | soTen7 | soTEne | soTENS | SOTBN4 | sOTEN3 | SOTBN2 | SoTEN1 | soTENo |
(n=0,1)
User's Manual U16891EJ1VOUD 443



CHAPTER 16 CLOCKED SERIAL INTERFACE 0 (CSIO0)

(6) Clocked serial interface initial transmit buffer registers n, nL (SOTBFn, SOTBFnL)

The SOTBFn register is a 16-bit buffer register that stores initial transmission data in the continuous transfer
mode.

The transmission operation is not started even if data is written to the SOTBFn register.

This register can be read or written in 16-bit units. However, when the lower 8 bits are used as the SOTBFnL
register, the register can be read or written in 8-bit units.

After reset, this register is initialized.

Caution Access the SOTBFn register and SOTBFnL register only when a 16-bit data length has been
set (CSIMOn.CCLn bit = 1), and only when an 8-bit data length has been set (CCLn bit = 0),
respectively, and only in the idle state (CSIMOn.CSOTn bit = 0). If the SOTBFn and
SOTBFnNL registers are accessed during data transfer, the data cannot be guaranteed.

(@) SOTBFn register

After reset: 0000H R/W Address: SOTBFO FFFFFDO8H, SOTBF1 FFFFFD18H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOTBFn  |SOTBFn | SOTBFn| SOTBFn| SOTBFn | SOTBFn| SOTBFN | SOTBFN |SOTBFN | SOTBFN |SOTBFN |SOTBFn | SOTBFN | SOTBFN|SOTBFN | SOTBFN | SOTBFN
(n=0,1) 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

(b) SOTBFnNL register

After reset: O0OH R/W Address: SOTBFOL FFFFFDO8H, SOTBF1L FFFFFD18H

7 6 5 4 3 2 1 0
SOTBFnL |SOTBFn7‘SOTBFnG‘SOTBFHS‘SOTBFn4‘SOTBFn3‘SOTBFn2‘SOTBFnl‘SOTBFnOl
(n=0,1)
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(7)  Serial /O shift registers n, nL (SIOOn, SIOONL)
The SIOO0n register is a 16-bit shift register that converts parallel data into serial data.
The transfer operation is not started even if the SIO0n register is read.
This register is read-only in 16-bit units. However, when the lower 8 bits are used as the SIOOnL register,
the register is read-only in 8-bit units.
In addition to reset input, this register can also be initialized by clearing (0) the CSIMOn.CSIOEn bit.

Caution Read the SIOOn register and SIOOnL register only when a 16-bit data length has been
set (CSIMONn.CCLn bit = 1), and only when an 8-bit data length has been set (CCLn bit =
0), respectively, and only in the idle state (CSIMOn.CSOTn bit = 0). If the SIOOn and
SIOO0nL registers are read during data transfer, the data cannot be guaranteed.

(@) SIOOn register
After reset: 0000H R Address: SIO00 FFFFFDOAH, SIO01 FFFFFD1AH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SIO0n |SIOn15‘SIOn14‘SIOn13‘SIOn12‘SIOnll‘SIOnlO‘ SIOn9 ‘ SIOn8 ‘ SIOn7 ‘ SIOnS‘ SIOnS‘ SIOn4‘ SIOn3 ‘ SIOn2 ‘ SIOnl ‘ SIOnOl
(n=0,1)

(b) SIOONL register

After reset: 0OH R Address: SIO00L FFFFFDOAH, SIO01L FFFFFD1AH

7 6 5 4 3 2 1 0
SIO0nL | SIOon7 ‘ SIOn6 ‘ SIOn5 ‘ SIOn4 ‘ SIOn3 ‘ SIOn2 ‘ SIOn1 ‘ SIOn0 |
(n=0,1)
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Table 16-1. Use of Each Buffer Register

Register R/W Single Transfer Continuous Transfer*”®*
Name Transmission/Reception Mode Receive-Only Mode Transmission/Reception Mode Receive-Only Mode
SIRBn Read | Function Storing received data**? « Reading starts reception Storing up to the (N - 1)th received data | * Reading starts reception
(SIRBNL) « Storing received data (other than the last)"*? « Storing up to the (N - 2)th data (other
than the last two)

Use method When transmission and reception are « First, read dummy data and start When reception is complete, read the When reception is complete, read the
complete, read the received data from transfer. received data from this register. Repeat | received data from this register. Repeat
this register. « To perform reception of the next data this operation until the (N — 1)th data has | this operation until the (N - 2)th data has

after reception is complete, read the been received. been received.
received data from this register. (Supplement)
Do not read the (N - 1)th data from this
register. If read, a reception operation
starts and continuous transfer cannot be
completed.
SIRBEN Read | Function - Storing the data received last™** - Storing the (N — 1)th received data"*®?
(SIRBENL) Use method Not used. If reception of the next data will not be | Not used Read the (N - 1)th received data from
performed after reception is complete, this register when the (N - 1)th or Nth
read the received data from this register. (last) data has been received.
SIo0n Read | Function - - Storing the Nth (last) received data""*? Storing the Nth (last) received data****
(SIO0nL) Use method Not used. Not used When the Nth (last) When the Nth (last) data has been
transmission/reception is complete, read | received, read the Nth (last) data.
the Nth (last) data.
SOTBn Write | Function « Starting transmission/reception when - « Starting transmission/reception when -
(SOTBNL) written written
« Storing the data to be transmitted « Storing the data to be transmitted
second and subsequently
Use method « First, write a dummy data (FFH) to start | Not used When transmission/reception is Not used
transmission/reception. complete, write the data to be
« When transmission/reception is transmitted next to this register to start
complete, write the data to be the next transmission/reception.
transmitted next.
SOTBFn Write | Function - - Storing the data to be transmitted first"*? -
(SOTBFnL) Use method Not used Not used Before starting transmission/reception Not used
(writing to SOTBn), write the data to be
transmitted first.
Notes 1. Itis assumed that the number of data to be transmitted is N.

2. Neither reading nor writing will start communication.

Remark

In the 16-bit mode, the registers not enclosed in parentheses are used; in the 8-bit mode, the registers in parentheses are used.
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CHAPTER 16 CLOCKED SERIAL INTERFACE 0 (CSI0)

16.4 Operation

16.4.1 Transmission/reception completion interrupt request signal (INTCSIOn)
The INTCSIOn signal is set (1) upon completion of data transmission/reception.
Writing to the CSIMOn register clears (0) the INTCSIOn signal.

Caution The delay mode (CSIMOn.CSITn bit = 1) is valid only in the master mode (CSICn.CKSOn2 to

CSICn.CKSONnO bits are not 111B). The delay mode cannot be set when the slave mode is set
(CKSONn2 to CKSONO bits = 111B).
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Figure 16-2. Timing Chart of INTCSIOn Signal Output in Delay Mode

(a) Transmit/receive type 1
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Remarks 1. Reg_R/W: Internal signal. This signal indicates that the SIRBn/SIRBnNL register read or the
SOTBN/SOTBNL register write was performed.
2. n=0,1
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16.4.2 Single transfer mode

(1) Usage

In the receive-only mode (CSIMOn.TRMDn bit = 0), communication is started by reading the SIRBn/SIRBnL

register.

In the transmission/reception mode (TRMDn bit = 1), communication is started by writing to the
SOTBN/SOTBNL register.
In the slave mode, the operation must be enabled beforehand (CSIMOn.CSIOEn bit = 1).

When communication is started, the value of the CSIMONn.CSOTn bit becomes 1 (transmission execution

status).

Upon communication completion, the transmission/reception completion interrupt request signal (INTCSIOn)

is generated, and the CSOTn bit is cleared (0). The next data communication request is then waited for.

Caution

Remark

When the CSOTn bit = 1, do not manipulate the CSIOn register.

n=0,1

Figure 16-3. Timing Chart in Single Transfer Mode (1/2)

(@) Intransmission/reception mode, data length: 8 bits, transfer direction: MSB first, no interrupt delay,
single transfer mode, when AAH is received and 55H is transmitted, transmit/receive type 1
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Reg_R/W: Internal signal. This signal indicates that the SIRBn/SIRBnL register read or the
SOTBN/SOTBnNL register write was performed.

For the transmit/receive types, refer to 16.3 (2) Clocked serial interface clock selection

register n (CSICn).

n=0,1
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Figure 16-3. Timing Chart in Single Transfer Mode (2/2)

(b) In transmission/reception mode, data length: 8 bits, transfer direction: MSB first, no interrupt delay,
single transfer mode, when AAH is received and 55H is transmitted, transmit/receive type 2

SCKOn (1/0)

SOO0n (output) ;\ 0 1

}........

Reg_R/W V\\/rlte 55 o\SOTBr]L reglst?r

wm WA \\
oo )

SI0n (input)

[

0

|

|

|

""""'I -

SIO0nL
register

SIRBnL
register

CSOTn bit \

INTCSIONn
signal

Remarks 1. Reg_R/W: Internal signal. This signal indicates that the SIRBn/SIRBnNL register read or the
SOTBN/SOTBNL register write was performed.
2. For the transmit/receive types, refer to 16.3 (2) Clocked serial interface clock selection
register n (CSICn).
3. n=0,1
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16.4.3 Continuous transfer mode

(1) Usage (receive-only: 8-bit data length)

<1>

<2>

<3>

<4>

<5>

Note

Set the continuous transfer mode (CSIMOn.AUTOn bit = 1) and the receive-only mode
(CSIMON.TRMDn bit = 0).

Read the SIRBnNL register (start transfer with dummy read).

When the transmission/reception completion interrupt request signal (INTCSIOn) has been generated,
read the SIRBnL register"* (reserve next transfer).

Repeat step <3> (N - 2) times. (N: Number of transfer data)

Ignore the interrupt triggered by reception of the (N — 1)th data (at this time, the SIRBEnNL register can
be read).

Following generation of the last INTCSIOn signal, read the SIRBENL register and the SIOOnL

Note

register°.

When transferring N number of data, receive data is loaded by reading the SIRBnL register from the
first data to the (N - 2)th data. The (N - 1)th data is loaded by reading the SIRBENL register, and the
Nth (last) data is loaded by reading the SIOOnL register (refer to Table 16-1 Use of Each Buffer
Register).
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Figure 16-4. Continuous Transfer (Receive-Only) Timing Chart

« Transmit/receive type 1, 8-bit data length

SCKOn (1/0) ||||||||||||||| |||||||||’||||| |||||||||||||||
SIon (input) | dna] | din2[ | [ ding | din5_|
SIO0nL "
register 0000000000000 00000I000000000000000000 0 KIS
2;2{; din-1 din-2 din-3 din4
SIRBEN (d4)
Reg-RD SIRBN (dummy) SIRBn (1) SIRBn (d2) SIRBn (d3) | | SI00n (d5)
CSOTn bit | E—
INTCSIOn —
signal _l
SOO0n (output) L
rg_clr
trans_rq |_ I | |
<1> <2> <3> <3> <3> <5>
<4>

Period during
which next transfer
can be reserved

Remarks 1. Reg_RD: Internal signal. This signal indicates that the SIRBnL register has been read.
rq_clr: Internal signal. Transfer request clear signal.
trans_rqg: Internal signal. Transfer request signal.
2. n=0,1

In the case of the continuous transfer mode, two transfer requests are set at the start of the first transfer.
Following the INTCSIOn signal, transfer is continued if the SIRBnNL register can be read within the next
transfer reservation period. If the SIRBnL register cannot be read, transfer ends and the SIRBnNL register
does not receive the new value of the SIOOnL register.

The last data can be obtained by reading the SIOOnL register following completion of the transfer.
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(2) Usage (transmission/reception: 8-bit data length)

<1>

<2>

<3>
<4>

<5>

<6>

<7>

Set the continuous transfer mode (CSIMOn.AUTOn bit = 1) and the transmission/reception mode
(CSIMON.TRMDn bit = 1).

Write the first data to the SOTBFnL register.

Write the 2nd data to the SOTBnNL register (start transfer).

When the transmission/reception completion interrupt request signal (INTCSIOn) has been generated,
write the next data to the SOTBnNL register (reserve next transfer). Read the SIRBnL register to load
the receive data.

Repeat step <4> as long as data to be sent remains.

When the INTCSIOn signal is generated, read the SIRBnNL register to load the (N - 1)th receive data
(N: Number of transfer data).

Following the last INTCSIOn signal, read the SIOOnL register to load the Nth (last) receive data.
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Figure 16-5. Continuous Transfer (Transmission/Reception) Timing Chart

« Transmit/receive type 1, 8-bit data length

SCKOn (1/0) TN ||||||.|||||||| |||||||||.||||| ||||||||.||||||
SOO0n (output) | Id(l)_ut,—l |_ dout-2 I dout-3 dout-4 I |dout—5 I
SI0n (input) | dina] | idn—zl L[ Jdh-3— [ dna [ Lgins |
SOTBFnL
register dout-1
S.gggg; dout-2 | |dout-3 1 |dout-4 I |dout-5
SIO0onL -
register 0000000001000 00000I1000000000REARARIANE KNS
egiater din-1 din-2 din-3 din4
SOTBEN (A1)
Reg WR |[]_[] sotBn (d2) [lsoten@3) []soten(d4) [] soren (s)
\
Reg_RD SIRBn (d1) SIRBN (d2) sIrRBn (d3) [] sren (@) []sion (ds)
CSOTn bit
INTCSIOn
signal I
rq_clr
trans_rq L [ [ [
L v |\ Y I\ Y \ i v L Y
<> | <3 <4> B> <4 <5> <4> <5> <T> |8
2> <6>
Period during which
next transfer can be
reserved

Remarks 1. Reg_WR: Internal signal. This signal indicates that the SOTBnNL register has been written.
Reg_RD: Internal signal. This signal indicates that the SIRBnL register has been read.

rg_clr: Internal signal. Transfer request clear signal.
trans_rqg: Internal signal. Transfer request signal.
2. n=0,1

In the case of the continuous transfer mode, two transfer requests are set at the start of the first transfer.
Following the INTCSIOn signal, transfer is continued if the SOTBnNL register can be written within the next
transfer reservation period. If the SOTBnNL register cannot be written, transfer ends and the SIRBnL
register does not receive the new value of the SIOO0nNL register.

The last receive data can be obtained by reading the SIOOnL register following completion of the transfer.
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(3) Next transfer reservation period

In the continuous transfer mode, the next transfer must be prepared with the period shown in Figure 16-6.

Figure 16-6. Timing Chart of Next Transfer Reservation Period

SCKOn
(1/0)

INTCSIONn
signal

SCKOn
(1/0)

INTCSIONn
signal

SCKOn
(1/0)

INTCSIONn
signal

SCKOn
(1/0)

INTCSIOn
signal

Remark

UL

(@) When data length: 8 bits, transmit/receive type 1

UUUUUHLL

UUUUUUL

mi=

Reservation period: 7 SCKOn cycles

UL

(b) When data length: 16 bits, transmit/receive type 1

JusLsiaiainpniaiaiuinininan

=

L

Reservation period: 15 SCKOn cycles

(c) When data length: 8 bits, transmit/receive type 2

Jalsja]aga)

il

i

UUUUUUL

I

Reservation period: 6.5 SCKOn cycles

UL

(d) When data length: 16 bits, transmit/receive type 2

LUt uUuuuuy

=

n=0,1

Reservation period: 14.5 SCKOn cycles
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CHAPTER 16 CLOCKED SERIAL INTERFACE 0 (CSIO0)

(4) Cautions

To continue continuous transfers, it is necessary to either read the SIRBn register or write to the SOTBn

register during the transfer reservation period.

If access is performed to the SIRBn register or the SOTBnN register when the transfer reservation period is

over, the following occurs.

(i) In case of conflict between transfer request clear and register access

Since transfer request clear has higher priority, the next transfer request is ignored. Therefore, transfer is

interrupted, and normal data transfer cannot be performed.

Figure 16-7. Transfer Request Clear and Register Access Conflict

Transfer reservation period

SCKOn
(110)
INTCSIONn
signal
rq_clr
Reg_R/W |_|
Remarks 1. rg_clr: Internal signal. Transfer request clear signal.

Reg_R/W: Internal signal.

This signal indicates that the SIRBn/SIRBNL register read or the

SOTBN/SOTBNL register write was performed.

2. n=0,1
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CHAPTER 16 CLOCKED SERIAL INTERFACE 0 (CSI0)

(i) In case of conflict between transmission/reception completion interrupt request signal (INTCSIOn)
generation and register access
Since continuous transfer has stopped once, executed as a new continuous transfer.
In the slave mode, a bit phase error transfer error results (refer to Figure 16-8).
In the transmission/reception mode, the value of the SOTBFn register is retransmitted, and illegal data is
sent.

Figure 16-8. Interrupt Request and Register Access Conflict

Transfer reservation period

s HUUUUUUU UL

INTCSIONn
signal

rq_clr

Reg_R/W |_|

Remarks 1. rg_clr: Internal signal. Transfer request clear signal.
Reg_R/W: Internal signal. This signal indicates that the SIRBn/SIRBnL register read or the
SOTBN/SOTBNL register write was performed.

2. n=0,1
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16.5 Output Pins

The following describes the output pins. For the setting of each pin, refer to Table 4-14 Settings When Port Pins
Are Used for Alternate Functions.

(1) SCKOn pin
When the CSIOn operation is disabled (CSIMOn.CSIOEn bit = 0), the SCKOn pin output status is as follows.

Table 16-2. SCKOn Pin Output Status

CKPn CKSO0n2 CKSOn1 CKSO0no SCKOn Pin Output
0 Don't care Don't care Don't care Fixed to high level
1 1 1 1 High impedance
Other than above Fixed to low level
Remark n=0,1
(2) SOO0n pin

When the CSIOn operation is disabled (CSIOEn bit = 0), the SOO0nN pin output status is as follows.

Table 16-3. SOOn Pin Output Status

TRMDn DAPN AUTON CCLn DIRNn SOO0n Pin Output
0 Don't care Don't care Don't care Don't care Fixed to low level
1 0 Don’t care Don't care Don't care SO latch value (low level)
1 0 0 0 SOTBN7 bit value
SOTBNO bit value
1 0 SOTBnN15 bit value
1 SOTBNO bit value
1 0 0 SOTBFN7 bit value
1 SOTBFNO bit value
1 0 SOTBFN15 bit value
1 SOTBFNO bit value
Remark n=0,1
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CHAPTER 17 CLOCKED SERIAL INTERFACE A (CSIA) WITH
AUTOMATIC TRANSMIT/RECEIVE FUNCTION

In the VB50ES/KF1, one clocked serial interface A (CSIA) with automatic transmit/receive function channel is

provided.

17.1 Functions

CSIAO has the following two modes.

e 3-wire serial /0O mode

e 3-wire serial /0 mode with automatic transmit/receive function

1)

)

3-wire serial /0O mode

This mode is used to transfer 8-bit data using three lines: a serial clock pin (M) and two serial data pins
(SIA0 and SOAO).

In addition, whether 8-bit data is transferred MSB or LSB first can be specified, so this interface can be
connected to any device.

3-wire serial /0 mode with automatic transmit/receive function

This mode is used to transfer 8-bit data using three lines: a serial clock pin (SCKAQ) and two serial data pins
(SIA0 and SOAO).

In addition, whether 8-bit data is transferred MSB or LSB first can be specified, so this interface can be
connected to any device.

Data can be transferred to/from a display driver etc. without using software since a 32-byte buffer RAM is
incorporated for automatic transfer.

o Maximum transfer speed: 2 MHz (in master mode)

e Master mode/slave mode selectable

e Transfer data length: 8 bits
o MSB/LSB-first selectable for transfer data
e Automatic transmit/receive function:

Number of transfer bytes can be specified between 1 and 32

Transfer interval can be specified (0 to 63 clocks)

Single transfer/repeat transfer selectable

¢ On-chip dedicated baud rate generator (6/8/16/32 divisions)

e 3-wire SOAQ: Serial data output

SIAO:  Serial data input
SCKAQO: Serial clock I1/0

e Transmission/reception completion interrupt request signal: INTCSIAO

¢ Internal 32-byte buffer RAM (used in 3-wire serial I/O mode with automatic transmit/receive function)
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17.2 Configuration
CSIAO consists of the following hardware.

Table 17-1. Configuration of CSIAQ

Item Configuration

Register Serial 1/0 shift register A0 (SIOAQ)
Automatic data transfer address count register 0 (ADTCO)
CSIAO buffer RAM (CSIAOBm, CSIAOBmML, CSIAOBmH) (m =0to F)

Control registers Serial operation mode specification register 0 (CSIMAQ)

Serial status register 0 (CSISO0)

Serial trigger register 0 (CSIT0)

Divisor selection register 0 (BRGCAO)

Automatic data transfer address point specification register 0 (ADTPO)
Automatic data transfer interval specification register 0 (ADTI0)

Remark For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins Are
Used for Alternate Functions.

460 User's Manual U16891EJ1VOUD



ANOATCATE89TN [eNUB S.J8sN

T9v

Figure 17-1. Block Diagram of CSIAO

 liranster adgrecs {ratomate data
Buffer RAM i ificati i
e LA TN =i
Internal bus
L
Serial trigger
DIRAO X register 0 (CSITO)
JL oJdL ATMO JL JL
. . Divisor selection
Serial I/0 shift ;
SiA0 © k register AQ (SIOAO) {;32‘3,&8) ATSTPO|ATSTAO
. RXEAO Serial status
SOA0 © Z J L register 0 (CSIS0)
— TXEAO CKSA01{CKSA00| TSFO
' 2 L, |
2
Serial clock "1 Interrupt
counter generator INTCSIAO
Serial transfer
controller
SCKAO O
'ﬂ\ Selector Selector | fxx
[£~
fxx/6 to fxx/256
Automatic data
transfer interval
specification
register 0 (ADTI0)
MASTERO

6-bit counter

NOILONNA JAIFOIH/LINSNVYHL DILVINOLNY HLIM (VISO) V 3OVHYILNI 1VI¥IS a3IM00T10 LT d3LdVHO



CHAPTER 17 CLOCKED SERIAL INTERFACE A (CSIA) WITH AUTOMATIC TRANSMIT/RECEIVE FUNCTION

@

Serial I/O shift register A0 (SIOAOQ)

This is an 8-bit register used to store transmit/receive data in 1-byte transfer mode (CSIMAO.ATEO bit = 0).
Writing transmit data to the SIOAOQ register starts the transfer. In addition, after a transfer completion interrupt
request signal (INTCSIAO) is generated (CSIS0.TSFO bit = 0), data can be received by reading data from the
SIOAQO register.

This register can be read or written in 8-bit units. However, writing to the SIOAO register is prohibited when
the CSIS0.TSFO bit = 1.

After reset, this register is cleared to 00H.

Cautions 1. A transfer operation is started by writing to SIOAO register. Consequently, when
transmission is disabled (CSIMAO.TXEAO bit = 0), write dummy data to the SIOAO
register to start the transfer operation, and then perform a receive operation.

2. Do not write data to the SIOAOQ register while the automatic transmit/receive function is
operating.

After reset: 00H R/W Address: FFFFFD46H

7 6 5 4 3 2 1 0
SI0A0 | SIOAO7 | SIOA06 | SI0A05 | SI0A04 | SI0A03 | SI0A02 | SI0AOL | SIOACO |

@

Automatic data transfer address count register 0 (ADTCO)

This is a register used to indicate buffer RAM addresses during automatic transfer. When automatic transfer
is stopped, the data position when transfer stopped can be ascertained by reading ADTCO register value.
This register is read-only in 8-bit units. However, reading from the ADTCO register is prohibited when the
CSIS0.TSFO bit = 1.

After reset, this register is cleared to 00H.

After reset: 00H R Address: FFFFFD47H

7 6 5 4 3 2 1 0
ADTCO | ADTCO7‘ ADTCO06 ‘ ADTCOS‘ ADTCO4 ‘ ADTCO3 ‘ ADTCO02 ‘ ADTCO1 ‘ ADTCO00 |

17.3 Registers

Serial interface CSIAO is controlled by the following six registers.

« Serial operation mode specification register 0 (CSIMAO)

« Serial status register 0 (CSIS0)

« Serial trigger register 0 (CSITO)

« Divisor selection register 0 (BRGCAO)

« Automatic data transfer address point specification register 0 (ADTPO)

< Automatic data transfer interval specification register 0 (ADTIO)

462
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CHAPTER 17 CLOCKED SERIAL INTERFACE A (CSIA) WITH AUTOMATIC TRANSMIT/RECEIVE FUNCTION

(1) Serial operation mode specification register 0 (CSIMAO)
This is an 8-bit register used to control the serial transfer operation.
This register can be read or written in 8-bit or 1-bit units.
After reset, this register is cleared to 00H.

After reset: 00H R/W Address: FFFFFD40H

<7> 6 5 4 <3> <2> <1> 0
CSIMAO | CSIAEO | ATEO | ATMO |MASTERO| TXEAO | RXEAO | DIRAO | 0 |
CSIAEQ CSIAO operation enable/disable control

0 Disable CSIAO operation (SOAO: Low level, SCKAO: High level)

1 Enable CSIAO operation

« When the CSIAEQ bit is cleared to 0, the CSIAO unit is reset"°'® asynchronously.

* When the CSIAEO bit = 0, the CSIAO unit is reset, so to operate CSIAQ, first set
the CSIAEO bit to 1.

« If the CSIAEO bit is cleared from 1 to 0, all the registers in the CSIAO unit are
initialized. Before the CSIAEO bit is set to 1 again, first re-set the registers of the
CSIAO unit.

« If the CSIAEO bit is cleared from 1 to 0, the buffer RAM value is not held.

Also, when the CSIAEO bit = 0, the buffer RAM cannot be accessed.

ATEO Automatic transfer operation enable/disable control
0 1-byte transfer mode
1 Automatic transfer mode

ATMO Specification of automatic transfer mode

0 Single transfer mode (stops at address specified with ADTPO register)

1 Repeat transfer mode (Following transfer completion, the ADTCO register
is cleared to O0H and transmission starts again.)

MASTERO Specification of CSIAO master/slave mode

0 Slave mode (synchronized with SCKAO input clock)

1 Master mode (synchronized with internal clock)
TXEAO Transmission enable/disable control
0 Disable transmission (SOAO: Low level)
1 Enable transmission
RXEAO Reception enable/disable control
0 Disable reception
1 Enable reception
DIRAO Specification of transfer data direction
0 MSB first
1 LSB first

Note The ADTCO, CSITO, and SIOAO registers and the CSISO.TSFO bit are
reset.
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(2) Serial status register 0 (CSIS0)
This is an 8-bit register used to select the serial clock and to indicate the transfer status of CSIAO.
This register can be read or written in 8-bit or 1-bit units.
After reset, this register is cleared to 00H. However, rewriting the CSISO register is prohibited when the TSFO
bitis 1.

After reset: O0H R/W Address: FFFFFD41H

7 6 5 4 3 2 1 0
csiso |cksaor/cksao| o | o | o | o | o | Tsro |
CKSAO01 | CKSA00 Serial clock (fscka) selection™°'

20 MHz 16 MHz 10 MHz
0 0 fxx Setting prohibited| Setting prohibited 100 ns
0 1 xx/2 100 ns 125 ns 200 ns
1 0 fxx/4 200 ns 250 ns 400 ns
1 1 fxx/8 400 ns 500 ns 800 ns

Rewriting CSISO0 is prohibited when the CSIMAO.CSIAEO bit is 1.

TSFO Transfer status

0 CSIAEO bit=0

At reset input

At completion of specified transfer

When transfer has been suspended by setting the CSITO.ATSTPO bitto 1

1 From transfer start to completion of specified transfer

Note Set fscka so as to satisfy the following conditions.
* REGC=Vop=4.0t05.5V: fscka<12 MHz
* REGC = Capacity, Vobo = 4.0to 5.5 V: fscka <6 MHz
* REGC =Vop=2.7t04.0V: fscka< 6 MHz

Cautions 1. The TSFO bit is read-only.
2. When the TSFO bit = 1, rewriting the CSIMAO, CSIS0, BRGCAO,
ADTPO, ADTIO, and SIOAO registers is prohibited.
However, the transfer buffer RAM can be rewritten.
3. Besureto clear bits 1to 5to 0.
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(3) Serial trigger register 0 (CSITO)
The CSITO register between the buffer RAM and shift register is an 8-bit register used to control
execution/stop of automatic data transfer.
This register can be read or written in 8-bit or 1-bit units. However, manipulate only when the CSIMAO.ATEO
bit is 1 (manipulation prohibited when ATEO bit = 0).
After reset, this register is cleared to OOH.

After reset: 00H R/W Address: FFFFFD42H

csimo |

7 6 5 4 3 2 <1> <0>

0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ ATSTPO ‘ ATSTAO |
ATSTPO Automatic data transfer suspension

0 -

1 Stop automatic data transfer

Even when the ATSTPO bit is set to 1, transfer does not stop until 1 byte has been
transferred.

1 is held until immediately before the transmission/reception completion interrupt
request signal (INTCSIAQ) is generated, and ATSTPO is automatically cleared to O
after that.

After automatic transfer has been suspended, the data address at the point of
suspension is stored in the ADTCO register.

A function to resume automatic data transfer is not provided, so if transfer has been
interrupted by setting the ATSTPO bit to 1, set each register again, and set the
ATSTAO bit to 1 to start automatic data transfer.

ATSTAO Automatic data transfer start
0 -
1 Start automatic data transfer

Even when the ATSTAO bit is set to 1, automatic data transfer does not start until 1
byte has been transferred.
1 is held until immediately before the INTCSIAO signal is generated, and ATSTAO is

automatically cleared to O after that.
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(4) Divisor selection register 0 (BRGCADO)
This is an 8-bit register used to control the serial transfer speed (divisor of CSIA clock).
This register can be read or written in 8-bit units. However, when the CSISO.TSFO bit is 1, rewriting the
BRGCAO register is prohibited.

After reset, this register is set to O3H.

After reset: 03H R/W Address: FFFFFD43H
7 6 5 4 3 2 1 0
BRGCAO | 0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ BRGCO01 ‘ BRGCOOl
BRGCO01 | BRGCO00 Selection of CSIAO serial clock (fscka division ratio)

0 0 6 (fscka/6)

0 1 8 (fsckal8)

1 0 16 (fscka/16)

1 1 32 (fsckal32)

(5) Automatic data transfer address point specification register 0 (ADTPO)
This is an 8-bit register used to specify the buffer RAM address that ends transfer during automatic data
transfer (CSIMAO.ATEDO bit = 1).
This register can be read or written in 8-bit units.
ADTPO register is prohibited.
After reset, this register is cleared to 00H.
In the VB50ES/KF1, 00H to 1FH can be specified because 32 bytes of buffer RAM are incorporated.

However, when the CSISO.TSFO bit is 1, rewriting the

Example When the ADTPO register is set to 07H
8 bytes of FFFFFEOOH to FFFFFEO7H are transferred.

In repeat transfer mode (CSIMAO.ATMO bit = 1), transfer is performed repeatedly up to the address value
specified by ADTPO.

Example When the ADTPO register is set to 07H (repeat transfer mode)
Transfer is repeated as FFFFFEOOH to FFFFFEOQO7H, ... .

After reset: O0H R/W Address: FFFFFD44H
7 6 5 4 3 2 1 0
ADTPO [ 0 | o | o |ADTPo4| ADTPOS | ADTPOZ | ADTPOL | ADTPOO |

Caution Be sureto clear bits 5to 7to 0.
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The relationship between buffer RAM address values and the ADTPO register setting values is shown below.

Table 17-2. Relationship Between Buffer RAM Address Values and ADTPO Register Setting Values

Buffer RAM Address Value ADTPO Register Setting Value Buffer RAM Address Value ADTPO Register Setting Value
FFFFFEOOH 00H FFFFFE10H 10H
FFFFFEOLH 01H FFFFFEL1H 11H
FFFFFEO2H 02H FFFFFE12H 12H
FFFFFEO3H 03H FFFFFE13H 13H
FFFFFE04H 04H FFFFFE14H 14H
FFFFFEOSH 05H FFFFFEL5H 15H
FFFFFEOGH 06H FFFFFE16H 16H
FFFFFEO7H 07H FFFFFEL7H 17H
FFFFFEOSH 08H FFFFFE18H 18H
FFFFFEO9H 09H FFFFFE19H 19H
FFFFFEOAH 0AH FFFFFELAH 1AH
FFFFFEOBH 0BH FFFFFE1BH 1BH
FFFFFEOCH OCH FFFFFELCH 1CH
FFFFFEODH ODH FFFFFELDH 1DH
FFFFFEOEH OEH FFFFFELEH 1EH
FFFFFEOFH OFH FFFFFELFH 1FH
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(6) Automatic data transfer interval specification register 0 (ADTIO)
This is an 8-bit register used to specify the interval period between 1-byte transfers during automatic data
transfer (CSIMAO.ATEDO bit = 1).
Set this register when in master mode (CSIMAO.MASTERO bit = 1) (setting is unnecessary in slave mode).
Setting in 1-byte transfer mode (ATEO bit = 0) is also valid. When the interval time specified by the ADTIO
register after the end of 1-byte transfer has elapsed, a transmission/reception completion interrupt request
signal (INTCSIAO) is output. The number of clocks for the interval can be set to between 0 and 63 clocks.
This register can be read or written in 8-bit units. However, when the CSIS0.TSFO bit is 1, rewriting the
ADTIO register is prohibited.

After reset, this register is cleared to 00H.

After reset: 00H R/W Address: FFFFFD45H
7 6 5 4 3 2 1 0
ADTIO | 0 ‘ 0 ‘ ADTIOS‘ ADTI04 ‘ ADTIO3 ‘ ADTIO02 ‘ ADTIO1 ‘ ADTIOO0 |

The specified interval time is the transfer clock (specified by the BRGCAO register) multiplied by an integer
value.

Example When ADTIO register = 03H

SCKAO

4

Interval time of 3 clocks
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(7) CSIAQ buffer RAM (CSIAOBm)
This area holds transmit/receive data (up to 32 bytes) in automatic transfer mode in 1-byte units.
This register can be read or written in 16-bit units. However, when the higher 8 bits and the lower 8 bits of
the CSIAOBm register are used as the CSIAOBmH register and CSIAOBmL register, respectively, these
registers can be read or written in 8-bit units.
After automatic transfer is started, only data equal to one byte more than the number of bytes stored in the
ADTPO register is transmitted/received in sequence from the CSIAOBOL register.

Cautions 1. To read the value of the CSIAOBm register after data is written to the register, wait for
the duration of more than six clocks of fscka (serial clock set by the CSIS0.CKSAO01 and
CSIS0.CKSAO0O bits) or until data is written to the buffer RAM at another address.

When the main clock stops and the CPU operates on the subclock, do not access the
CSIAOBm register. For details, refer to 3.4.8 (2).

2.

Remark m=0toF
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Table 17-3. CSIAO Buffer RAM

Address Symbol R/W Manipulatable Bits After Reset
8 16
FFFFFEOOH CSIAO0BO R/W v Undefined
FFFFFEOOH CSIAOBOL R/W v Undefined
FFFFFEO1H CSIAOBOH R/W v Undefined
FFFFFEO2H CSIAOB1 R/IW v Undefined
FFFFFEO2H CSIAOB1L R/IW v Undefined
FFFFFEO3H CSIAOB1H R/IW v Undefined
FFFFFEO4H CSIA0B2 R/W v Undefined
FFFFFEO4H CSIAOB2L R/W v Undefined
FFFFFEO5H CSIAOB2H R/W v Undefined
FFFFFEO6H CSIAOB3 R/IW v Undefined
FFFFFEO6H CSIAOB3L R/IW v Undefined
FFFFFEO7H CSIAOB3H R/IW v Undefined
FFFFFEO8H CSIAOB4 R/W v Undefined
FFFFFEO8H CSIAOB4L R/W v Undefined
FFFFFEO9H CSIAOB4H R/W v Undefined
FFFFFEOAH CSIAOB5 R/IW v Undefined
FFFFFEOAH CSIAOB5L R/IW v Undefined
FFFFFEOBH CSIAOB5H R/W v Undefined
FFFFFEOCH CSIAOB6 R/W v Undefined
FFFFFEOCH CSIAOB6L R/W v Undefined
FFFFFEODH CSIAOB6H R/W v Undefined
FFFFFEOEH CSIAOB7 R/IW v Undefined
FFFFFEOEH CSIAOB7L R/IW v Undefined
FFFFFEOFH CSIAOB7H R/IW v Undefined
FFFFFE10H CSIAOB8 R/W v Undefined
FFFFFE10H CSIAOB8L R/W v Undefined
FFFFFE11H CSIAOB8H R/W v Undefined
FFFFFE12H CSIAOB9 R/IW v Undefined
FFFFFE12H CSIAOBIL R/IW v Undefined
FFFFFE13H CSIAOB9H R/IW v Undefined
FFFFFE14H CSIAOBA R/W v Undefined
FFFFFE14H CSIAOBAL R/W v Undefined
FFFFFE15H CSIAOBAH R/W v Undefined
FFFFFE16H CSIAOBB R/IW v Undefined
FFFFFE16H CSIAOBBL R/IW v Undefined
FFFFFE17H CSIAOBBH R/IW v Undefined
FFFFFE18H CSIAOBC R/W v Undefined
FFFFFE18H CSIAOBCL R/W v Undefined
FFFFFE19H CSIAOBCH R/W v Undefined
FFFFFE1AH CSIAOBD R/IW v Undefined
FFFFFE1AH CSIAOBDL R/IW v Undefined
FFFFFE1BH CSIAOBDH RIW v Undefined
FFFFFE1CH CSIAOBE R/W v Undefined
FFFFFE1CH CSIAOBEL R/W v Undefined
FFFFFE1DH CSIAOBEH R/W v Undefined
FFFFFE1EH CSIAOBF R/IW v Undefined
FFFFFE1EH CSIAOBFL R/IW v Undefined
FFFFFE1FH CSIAOBFH R/IW v Undefined
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17.4 Operation

CSIAOQ can be used in the following two modes.
¢ 3-wire serial I/O mode
« 3-wire serial I/O mode with automatic transmit/receive function

17.4.1 3-wire serial /O mode
The one-byte data transmission/reception is executed in the mode in which the CSIMAO.ATEDO bit is cleared to 0.

In this mode, communication is executed by using three lines: serial clock (SCKAO), serial data output (SOAO0), and
serial data input (SIAQ) pins.
The 3-wire serial I/O mode is controlled by the following three registers.

« Serial operation mode specification register 0 (CSIMAO)
e Serial status register 0 (CSISO0)

« Divisor selection register 0 (BRGCAO)

Remark For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins Are Used for
Alternate Functions.
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(1) 1-byte transmission/reception communication operation

(&) 1-byte transmission/reception
When the CSIMAOQ.CSIAEOQ bit and the CSIMAO.ATEO bit = 1, O, respectively, if transfer data is written to
the SIOAO register, the data is output via the SOAO pin in synchronization with the SCKAO pin falling
edge, and then input via the SIAO pin in synchronization with the falling edge of the SCKAO pin, and
stored in the SIOAQ register in synchronization with the rising edge 1 clock later.
Data transmission and data reception can be performed simultaneously.
If only reception is to be performed, transfer can only be started by writing a dummy value to the SIOAO
register.
When transfer of 1 byte is complete, a transmission/reception completion interrupt request signal
(INTCSIADO) is generated.
In 1-byte transmission/reception, the setting of the CSIMAO.ATMO bit is invalid.
Be sure to read data after confirming that the CSIS0.TSFO bit = 0.

Caution Determine the setting procedure of alternate-function pins considering the relationship
with the communication partner.

Figure 17-2. 3-Wire Serial /0O Mode Timing

SCKAO 1 2 3 4 5 6 7 8

SIAO ( X&DI? X DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 XDIO/
DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

SOA0

INTCSIAO

. — . End of transfer
Transfer starts at falling edge of SCKAO pin

TSFO

.l

SIOAOQ write

Caution The SOAO pin becomes low level by the SIOAO register write.
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(b) Data format
In the data format, data is changed in synchronization with the SCKAO pin falling edge as shown in
Figure 17-3.
The data length is fixed to 8 bits and the data transfer direction can be switched by the specification of
the CSIMAO.DIRAO bit.

Figure 17-3. Format of Transmit/Receive Data

(a) MSB-first (DIRAO bit = 0)

SCKAO

SIAO X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DOO0
SOA0 X DI7 X DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 X DIO

(b) LSB-first (DIRAO bit = 1)

SCKAO

SIA0 X DOO0 X DO1 X DO2 X DO3 X DO4 X DO5 X DO6 X DO7
SOAO0 X DIO X DIl X DI2 X DI3 X Di4 X DI5 X DIi6 X DI7
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(c) Switching MSB/LSB as start bit
Figure 17-4 shows the configuration of the SIOAO register and the internal bus. As shown in the figure,
MSB/LSB can be read or written in reverse form.
Switching MSB/LSB as the start bit can be specified using the CSIMAO.DIRAO bit.
Start bit switching is realized by switching the bit order for data written to the SIOAO register. The SIOAO
register shift order remains unchanged.
Thus, switching between MSB-first and LSB-first must be performed before writing data to the SIOAO

register.
Figure 17-4. Transfer Bit Order Switching Circuit
7
6
Internal bus --------------17 I i E E e s H
LSB-first L
MSB-first ——— Read/write gate | | Read/write gate

SOAOQ latch

SIA0 ©@———|  Shiftregister 0 (SI0A0)  |—{D QW

D U U D W B

SOA0 ©

SCKAO ©O—

(d) Transfer start

Serial transfer is started by setting transfer data to the SIOAO register when the following two conditions
are satisfied.

» CSIAQ operation control bit (CSIMAO.CSIAEQ) =1
» Other than during serial communication

Caution If the CSIAEO bit is set to 1 after data is written to the SIOAO register, communication
does not start.

Upon termination of 8-bit communication, serial communication automatically stops and the
transmission/reception completion interrupt request signal (INTCSIAO) is generated.
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17.4.2 3-wire serial I/O mode with automatic transmit/receive function

Up to 32 bytes of data can be transmitted/received without using software in the mode in which the CSIMAO.ATEO
bit is set to 1. After communication is started, only data of the set number of bytes stored in RAM in advance can be
transmitted, and only data of the set number of bytes can be received and stored in RAM.

The 3-wire serial /0O mode with automatic transmit/receive function is controlled by the following registers.

« Serial operation mode specification register 0 (CSIMAO)

» Serial status register 0 (CSISO0)

« Serial trigger register 0 (CSITO)

« Divisor selection register 0 (BRGCAO)

« Automatic data transfer address point specification register 0 (ADTPO)
* Automatic data transfer interval specification register 0 (ADTIO)

Remark For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins Are Used for
Alternate Functions.

(1) Automatic transmit/receive data setting

(&) Transmit data setting

<1> Write transmit data from the least significant address FFFFFEOOH of buffer RAM (up to
FFFFFE1FH at maximum). The transmit data should be in the order from lower address to higher
address.

<2> Set the ADTPO register to the value obtained by subtracting 1 from the number of transmit data
bytes.

(b) Automatic transmission/reception mode setting

<1> Set the CSIMAO.CSIAEDO bit and the CSIMAO.ATEDO bit to 11.
<2> Set the CSIMA0.RXEAO bit and the CSIMAO.TXEAO bit to 11.
<3> Set a data transfer interval in the ADTIO register.

<4> Set the CSITO.ATSTAO bit to 1.

The following operations are automatically carried out when (a) and (b) are carried out.

e After the buffer RAM data indicated by the ADTCO register is transferred to the SIOAO register,
transmission is carried out (start of automatic transmission/reception).

« The received data is written to the buffer RAM address indicated by the ADTCO register.

¢« ADTCO register is incremented and the next data transmission/reception is carried out. Data
transmission/reception continues until the ADTCO register incremental output matches the set value of
the ADTPO register (end of automatic transmission/reception). However, if the CSIMAO.ATMO bit is set
to 1 (continuous transfer mode), the ADTCO register is cleared after a match between the ADTPO and
ADTCO registers, and then repeated transmission/reception is started.

« When automatic transmission/reception is terminated, the CSIS0.TSFO bit is cleared to 0.

Caution Determine the setting procedure of alternate-function pins considering the relationship
with the communication partner.
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(2) Automatic transmission/reception communication operation

(a) Automatic transmission/reception mode
Automatic transmission/reception can be performed using buffer RAM.
The data stored in the buffer RAM is output from the SOAOQ pin via the SIOAO register in synchronization
with the SCKAO pin falling edge by performing (a) and (b) in (1) Automatic transmit/receive data
setting.
The data is then input from the SIAO pin via the SIOAO register in synchronization with the serial clock
falling edge of the SCKAO pin and the receive data is stored in the buffer RAM in synchronization with the
rising edge 1 clock later.
Data transfer ends if the CSISO.TSFO bit is cleared to 0 when any of the following conditions is met.

* Reset by clearing the CSIMAQ.CSIAEOQ bit to 0
» Transfer of 1 byte is complete by setting the CSITO.ATSTPO bit to 1
» Transfer of the range specified by the ADTPO register is complete

At this time, a transmission/reception completion interrupt request signal (INTCSIAQ) is generated except
when the CSIAEOQ bit = 0.

If a transfer is terminated in the middle, transfer starting from the remaining data is not possible. Read
the ADTCO register to confirm how much of the data has already been transferred, set the transfer data
again, and perform (a) and (b) in (1) Automatic transmit/receive data setting.

Figure 17-5 shows the operation timing in automatic transmission/reception mode and Figure 17-6 shows
the operation flowchart. Figure 17-7 shows the operation of the buffer RAM when 6 bytes of data are
transmitted/received.
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Figure 17-5. Automatic Transmission/Reception Mode Operation Timings

SCKAO

SOA0

SIAO

INTCSIAO

TSFO

guuurury dddddud

Interval Interval

‘

Xo7XD6XDs)Xp4Xp3Xp2)Xp1)D0 Xp7X6XD5Xp4)XD3XD2)D1)XDO

Xp7XD6XDs)Xp4XD3XD2)XD1)DO Xp7XD6XDsXp4)D3)D2)D1)XDO0 \

[

Cautions 1. Because, in the automatic transmission/reception mode, the automatic

transmit/receive function reads/writes data from/to the buffer RAM after 1-byte
transmission/reception, an interval is inserted until the next
transmission/reception. As the buffer RAM read/write is performed at the same
time as CPU processing, the interval is dependent upon the value of the ADTIO
register.

. When the TSFO bit is cleared, the SOAO pin becomes low level.
3. If CPU access to the buffer RAM conflicts with CSIAO read/write during the

interval time, the interval time becomes longer.
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Figure 17-6. Automatic Transmission/Reception Mode Flowchart

( Start )

Write transmit data
in buffer RAM

Set ADTPO register to the value
(pointer value) obtained by
subtracting 1 from the number of

transmit data bytes Software execution

Set automatic transmission/
reception mode

Set CSITO.ATSTAO bit to 1

Write transmit data from
buffer RAM to SIOAO register

Transmission/reception
operation

Increment pointer value

Hardware execution
Write receive data from
SIOAQO register to buffer RAM

ADTPO register = No

ADTCO register

Yes

No

Software execution

Yes

( )
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In 6-byte transmission/reception (CSIMAO.ATMO bit = 0, CSIMAO.RXEAOQ bit = 1, CSIMAO.TXEAO bit = 1)
in automatic transmission/reception mode, buffer RAM operates as follows.

(i) When transmission/reception operation is started (refer to Figure 17-7 (a).)
When the CSITO.ATSTAO bit is set to 1, transmit data 1 (T1) is transferred from the buffer RAM to
the SIOAO register. When transmission of the first byte is completed, receive data 1 (R1) is
transferred from the SIOAO register to the buffer RAM, and the ADTCO register is incremented. Then
transmit data 2 (T2) is transferred from the buffer RAM to the SIOAO register.

(ii) 4th byte transmission/reception point (refer to Figure 17-7 (b).)
Transmission/reception of the third byte is completed, and transmit data 4 (T4) is transferred from the
buffer RAM to the SIOAO register. When transmission of the fourth byte is completed, the receive
data 4 (R4) is transferred from the SIOAOQ register to the buffer RAM, and the ADTCO register is
incremented.

(iii) Completion of transmission/reception (refer to Figure 17-7 (c).)
When transmission of the sixth byte is completed, receive data 6 (R6) is transferred from SIOAQ
register to the buffer RAM, and the transmission/reception completion interrupt request signal
(INTCSIAOQ) is generated.

Figure 17-7. Buffer RAM Operation in 6-Byte Transmission/Reception
(in Automatic Transmission/Reception Mode) (1/2)

(@) When transmission/reception operation is started

FFFFFELFH

FFFFFEO5H Transmit data 6 (T6) Receive data 1 (R1) | SIOAO register
Transmit data 5 (T5)
Transmit data 4 (T4) ° ADTPO register
Transmit data 3 (T3) 0 ADTCO register
Transmit data 2 (T2)

FFFFFEOOH Transmit data 1 (T1) Not generated INTCSIAO signal
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Figure 17-7. Buffer RAM Operation in 6-Byte Transmission/Reception
(in Automatic Transmission/Reception Mode) (2/2)

(b) 4th byte transmission/reception

Receive data 4 (R4)

Not generated

(c) Completion of transmission/reception

FFFFFE1FH

FFFFFEOSH Transmit data 6 (R6)
Transmit data 5 (R5)
Transmit data 4 (R4)
Receive data 3 (T3)
Receive data 2 (T2)

FFFFFEOOH Receive data 1 (T1)

FFFFFE1FH

FFFFFEOSH Receive data 6 (R6)
Receive data 5 (R5)
Receive data 4 (R4)
Receive data 3 (R3)
Receive data 2 (R2)

FFFFFEOOH Receive data 1 (R1)

Generated

SIOAQO register

ADTPO register

ADTCO register

INTCSIAO signal

SIOAQO register

ADTPO register

ADTCO register

INTCSIAO signal
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(b) Automatic transmission mode
In this mode, the specified number of 8-bit unit data are transmitted.
Serial transfer is started when the CSITO.ATSTAO bit is set to 1 while the CSIMAO.CSIAEOQ,
CSIMAO.ATEO, and CSIMAO.TXEAO bits are set to 1.
When the final byte has been transmitted, an interrupt request signal (INTCSIAO) is generated.
Figure 17-8 shows the automatic transmission mode operation timing, and Figure 17-9 shows the
operation flowchart. Figure 17-10 shows the operation of the buffer RAM when 6 bytes of data are
transmitted.
Figure 17-8. Automatic Transmission Mode Operation Timing
‘ Interval ‘ Interval
SCKAO |||||||||||||||| |||||||||||||||| 5
soao  Xp7XDeXDs)Xp4XD3Xp2Xp1)D0 Xp7X6XD5Xp4)XD3XD2)D1)XDO A
INTCSIAO |_|
TSFO 12

Cautions 1. Because, in the automatic transmission mode, the automatic transmit/receive
function reads data from the buffer RAM after 1-byte transmission, an interval is
inserted until the next transmission. As the buffer RAM read is performed at the
same time as CPU processing, the interval is dependent upon the value of the
ADTIO register.

2. When the TSFO bit is cleared, the SOAOQ pin becomes low level.
3. If CPU access to the buffer RAM conflicts with CSIAO read/write during the
interval time, the interval time becomes longer.
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Figure 17-9. Automatic Transmission Mode Flowchart

( Start )

Write transmit data
in buffer RAM

Set ADTPO register to the value
(pointer value) obtained by
subtracting 1 from the number
of transmit data bytes

Set automatic transmission mode

Set CSITO.ATSTAO bitto 1

Software execution

Write transmit data from Increment pointer value
buffer RAM to SIOAO register P

Transmission operation

Hardware execution

No

ADTPO register =
ADTCO register

Yes

No

Software execution

Yes

( )
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In 6-byte transmission (CSIMAO.ATMO bit = 0, CSIMAO.RXEAQO bit = 0, CSIMAO.TXEAO bit = 1,
CSIMAO.ATEDO bit = 1) in automatic transmission mode, buffer RAM operates as follows.

(i) When transmission is started (refer to Figure 17-10 (a).)
When the CSITO.ATSTAO bit is set to 1, transmit data 1 (T1) is transferred from the buffer RAM to
the SIOAO register. When transmission of the first byte is completed, the ADTCO register is
incremented. Then transmit data 2 (T2) is transferred from the buffer RAM to the SIOAO register.

(ii) 4th byte transmission point (refer to Figure 17-10 (b).)
Transmission of the third byte is completed, and transmit data 4 (T4) is transferred from the buffer
RAM to the SIOAO register. When transmission of the fourth byte is completed, the ADTCO register
is incremented.

(iii) Completion of transmission (refer to Figure 17-10 (c).)
When transmission of the sixth byte is completed, the interrupt request signal (INTCSIAOQ) is
generated, and the TFSO flag is cleared to 0.

Figure 17-10. Buffer RAM Operation in 6-Byte Transmission
(in Automatic Transmission Mode) (1/2)

(&) When transmission is started

FFFFFELFH

FFFFFEOS5H Transmit data 6 (T6) SIOAO register
Transmit data 5 (T5)
: 5 ADTPO register
Transmit data 4 (T4)
Transmit data 3 (T3 .
(13) 0 ADTCO register
Transmit data 2 (T2)
FFFFFEOOH Transmit data 1 (T1) Not generated INTCSIAO signal
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Figure 17-10. Buffer RAM Operation in 6-Byte Transmission

(in Automatic Transmission Mode) (2/2)

FFFFFELFH

FFFFFEO5H

FFFFFEOOH

FFFFFELFH

FFFFFEO5H

FFFFFEOOH

(b) 4th byte transmission point

Transmit data 6 (T6)

Transmit data 5 (T5)

Transmit data 4 (T4)

Transmit data 3 (T3)

Transmit data 2 (T2)

Transmit data 1 (T1)

Not generated

(c) Completion of transmission

Transmit data 6 (T6)

Transmit data 5 (T5)

Transmit data 4 (T4)

Transmit data 3 (T3)

Transmit data 2 (T2)

Transmit data 1 (T1)

Generated

SIOAO register

ADTPO register

ADTCO register

INTCSIAO signal

SIOAQO register

ADTPO register

ADTCO register

INTCSIAO signal
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©

Repeat transmission mode

In this mode, data stored in the buffer RAM is transmitted repeatedly.

Serial transfer is started when the CSITO.ATSTAO bit is set to 1 while the CSIMAO.CSIAEOQ,
CSIMAO.ATEO, CSIMAO0.ATMO, and CSIMAO.TXEAO bits are set to 1.

Unlike the basic transmission mode, after the specified number of bytes has been transmitted, the
transmission/reception completion interrupt request signal (INTCSIAO) is not generated, the ADTCO
register is reset to 0, and the buffer RAM contents are transmitted again.

The repeat transmission mode operation timing is shown in Figure 17-11, and the operation flowchart in
Figure 17-12. Figure 17-13 shows the operation of the buffer RAM when 6 bytes of data are transmitted
in the repeat transmission mode.

Figure 17-11. Repeat Transmission Mode Operation Timing

SOA0

Interval Interval
[ DR

XD7XD6XD5XD4XD3)XD2)YD1) DO XD7XD6XD5XD4XD3)XD2)YD1)Y DO XD7XD6XD5

Cautions 1. Because, in the repeat transmission mode, a read is performed on the buffer
RAM after the transmission of one byte, the interval is included in the period up
to the next transmission. As the buffer RAM read is performed at the same time
as CPU processing, the interval is dependent upon the ADTIO register.

2. If CPU access to the buffer RAM conflicts with CSIAO read/write during the
interval time, the interval time becomes longer.
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Figure 17-12. Repeat Transmission Mode Flowchart
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In 6-byte transmission (CSIMAO.ATMO bit = 1, CSIMAO.RXEAO bit = 0, CSIMAO.TXEAO bit = 1,
CSIMAO.ATEDO bit = 1) in repeat transmission mode, buffer RAM operates as follows.

0]

(i)

When transmission is started (refer to Figure 17-13 (a).)

When the CSITO.ATSTAO bit is set to 1, transmit data 1 (T1) is transferred from the buffer RAM to
the SIOAO register. When transmission of the first byte is completed, the ADTCO register is
incremented. Then transmit data 2 (T2) is transferred from the buffer RAM to the SIOAO register.

Upon completion of transmission of 6 bytes (refer to Figure 17-13 (b).)

When transmission of the sixth byte is completed, the interrupt request signal (INTCSIAO) is not
generated.

The ADTCO register is reset to 0.

(iii) 7th byte transmission point (refer to Figure 17-13 (c).)

Transmit data 1 (T1) is transferred from the buffer RAM to SIOAO register again. When transmission
of the first byte is completed, the ADTCO register is incremented. Then transmit data 2 (T2) is
transferred from the buffer RAM to the SIOAO register.

Figure 17-13. Buffer RAM Operation in 6-Byte Transmission
(in Repeat Transmission Mode) (1/2)

FFFFFE1FH

FFFFFEO5H Transmit data 6 (T6) SIOAO register
Transmit data 5 (T5)
; 5 ADTPO register
Transmit data 4 (T4)
Transmit data 3 (T3) 0 ADTCO register
Transmit data 2 (T2)
FFFFFEOOH Transmit data 1 (T1) Not generated INTCSIAO signal

(&) When transmission is started
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Figure 17-13. Buffer RAM Operation in 6-Byte Transmission

(in Repeat Transmission Mode) (2/2)

(b) Upon completion of transmission of 6 bytes

(c) 7th byte transmission point

Not generated

FFFFFELFH

FFFFFEO5H Transmit data 6 (T6)
Transmit data 5 (T5)
Transmit data 4 (T4)
Transmit data 3 (T3)
Transmit data 2 (T2)

FFFFFEOOH Transmit data 1 (T1)

FFFFFE1FH

FFFFFEOSH Transmit data 6 (T6)
Transmit data 5 (T5)
Transmit data 4 (T4)
Transmit data 3 (T3)
Transmit data 2 (T2)

FFFFFEOOH Transmit data 1 (T1)

Not generated

SIOAO register

ADTPO register

ADTCO register

INTCSIAO signal

SIOAO register

ADTPO register

ADTCO register

INTCSIAO signal
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(d) Dataformat
In the data format, data is changed in synchronization with the SCKAO pin falling edge as shown in
Figure 17-14.
The data length is fixed to 8 bits and the data transfer direction can be switched by the specification of
the CSIMAO.DIRAO bit.

Figure 17-14. Format of CSIAO Transmit/Receive Data

(a) MSB-first (DIRAO bit = 0)

SCKAO

SIAO X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DOO0
SOAOQ0 X DI7 X DI6 X DI5 X Di4 X DI3 X DI2 X Di1 X DIO

(b) LSB-first (DIRAO bit = 1)

SCKAO

SIAO X DOO0O X DO1 X DO2 X DO3 X DO4 X DO5 X DO6 X DO7
SOAO0 X DIO X DI1 X DI2 X DI3 X Dl4 X DI5 X DI6 X DI7

(e) Automatic transmission/reception suspension and restart
Automatic transmission/reception can be temporarily suspended by setting the CSITO.ATSTPO bit to 1.
During 8-bit data transfer, the transmission/reception is not suspended. It is suspended upon completion
of 8-bit data transfer.
When suspended, the CSIS0.TSFO bit is cleared to 0 after transfer of the 8th bit.
To restart automatic transmission/reception, set the CSITO.ATSTAO bit to 1. The remaining data can be
transmitted in this way.

Cautions 1. If the IDLE instruction is executed during automatic transmission/reception, transfer
is suspended and the IDLE mode is set if during 8-bit data transfer. When the IDLE
mode is cleared, automatic transmission/reception is restarted from the suspended
point.

2. When suspending automatic transmission/reception, do not change the operating
mode to 3-wire serial I/O mode while the TSFO bit = 1.

Figure 17-15. Automatic Transmission/Reception Suspension and Restart

ATSTPO bit = 1 (Suspend command) Suspend Restart 5
l — Restart comman

_— ATSTAO bit = 1
SOAO XD7XD6XD5XD4XD3XD2XD1XDO % XD?XDGXDSXD4XD3XD2XD1XDO
SIAO XD7XD6XD5XD4XD3XD2XD1XDO \\ XD?XDGXDSXD4XD3XD2XD1XDO

((
))
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CHAPTER 18 I’C BUS

To use the I°C bus function, set the P38/SDAQ and P39/SCLO pins to N-ch open drain output as the alternate
function.

In the V850ES/KF1, one channel of I°C bus is provided.
The products with an on-chip I°C bus are shown below.

#PD703208Y, 703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, 70F3211HY
18.1 Features
The I°CO has the following two modes.

» Operation stop mode
« I’C (Inter IC) bus mode (multimaster supported)

(1) Operation stop mode
This mode is used when serial transfers are not performed. It can therefore be used to reduce power
consumption.

(2) I°C bus mode (multimaster supported)
This mode is used for 8-bit data transfers with several devices via two lines: a serial clock (SCLO) line and a
serial data bus (SDAO) line.
This mode complies with the I°C bus format and the master device can output “start condition”, “data”, and
“stop condition” data to the slave device, via the serial data bus. The slave device automatically detects these
received data by hardware. This function can simplify the part of application program that controls the I°C bus.
Since the SCLO and SDAO pins are used for N-ch open drain outputs, I’CO requires pull-up resistors for the
serial clock line and the serial data bus line.
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Figure 18-1. Block Diagram of I’CO

S Internal bus

AN 7
IIC status register 0 (11CS0)

MSTSO|ALDO|EXCO|COIO0 STDO|SPDO

1IC control register 0

(IlcCo)
IICEO [LRELO|WRELO[SPIEO[WTIMO|ACKEO|STTO |SPTO
SET
AV4
Slave address CLEAR S:jart
ister 0 (SVAQ condition
SDAO@—“—% register 0 (SVAO) generator
Match signal
Noise {} 9
eliminator ﬁ
IIC shift register 0 D Q SO latch
(I1CO) cLoy,
T
% Datti?ngdd ACK output
correction circuit
N-ch open- circuit
drain output
\_I

Wakeup controller

I ACK detector [

Start condition detector

Stop condition detector
SCLO© *

Noise
eliminator Serial clock counter signal generator

Interrupt request | _ \\i111c0

Serial clock controller Serial clock wait
controller Bus status
N-ch open-
X detector
drain output
Fxx ———»] Prescaler |=«—
1
CLDO|DADO|SMCO|DFCO|CLO1 | CLOO CLX0 STCFO IICRSVO
1IC clock selection 1IC function expansion
register 0 (IICCLO) register 0 (IICXO0) register 0 (IICF0)
S Internal bus K
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CHAPTER 18 I’C BUS

A serial bus configuration example is shown below.

Figure 18-2. Serial Bus Configuration Example Using I°C Bus

+Vop +Vob
Master CPU1 SDA |~_Serial data bus SDA Master CPU2
Slave CPU1 : Slave CPU2
SCL |« Serial clock scL
Address 1 Address 2
SDA Slave CPU3
SCL Address 3
SDA Slave IC
SCL Address 4
SDA Slave IC
SCL Address N
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CHAPTER 18 FI'C BUS

18.2 Configuration

I?C0 includes the following hardware.

(1

)

@)

4

®)

6)

@
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Table 18-1. Configuration of I’C0

Item Configuration

Registers IIC shift register 0 (11C0O)
Slave address register 0 (SVAO)

Control registers IIC control register 0 (IICCO0)

1IC status register 0 (IICSO0)

1IC flag register 0 (IICCFO0)

1IC clock selection register 0 (IICCLO)
1IC function expansion register 0 (IICXO0)

lIC shift register 0 (1IC0)

The 1ICO register is used to convert 8-bit serial data to 8-bit parallel data and to convert 8-bit parallel data to 8-
bit serial data. The IICO register can be used for both transmission and reception.

Write and read operations to the 1ICO register are used to control the actual transmit and receive operations.
The IICO register can be read or written in 8-bit units.

After reset, 1ICO is cleared to O0H.

Slave address register 0 (SVAO0)

The SVAO register sets local addresses when in slave mode.
The SVAO register can be read or written in 8-bit units.

After reset, SVAO is cleared to O0H.

SO latch
The SO latch is used to retain the SDAO pin’s output level.

Wakeup controller
This circuit generates an interrupt request signal (INTIICO) when the address received by this register matches
the address value set to the SVAO register or when an extension code is received.

Prescaler
This selects the sampling clock to be used.

Serial clock counter
This counter counts the serial clocks that are output and the serial clocks that are input during transmit/receive
operations and is used to verify that 8-bit data was sent or received.

Interrupt request signal generator
This circuit controls the generation of interrupt request signals (INTIICO).

An I°C interrupt is generated following either of two triggers.

¢ Falling of the eighth or ninth clock of the serial clock (set by IICC0.WTIMO bit)
¢ Interrupt request generated when a stop condition is detected (set by [ICC0.SPIEO bit)

User's Manual U16891EJ1VOUD
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(8) Serial clock controller
In master mode, this circuit generates the clock output via the SCLO pin from a sampling clock.

(9) Serial clock wait controller
This circuit controls the wait timing.

(10) ACK output circuit, stop condition detector, start condition detector, and ACK detector
These circuits are used to output and detect various control signals.

(11) Data hold time correction circuit
This circuit generates the hold time for data corresponding to the falling edge of the serial clock.

(12) Start condition generator
This circuit generates a start condition when the [ICC0.STTO bit is set.
However, in the communication reservation disabled status (IICFO.IICRSVO bit = 1), when the bus is not
released (IICFO.IICBSYO bit = 1), start condition requests are ignored and the [ICF0.STCFO bit is set to 1.

(13) Bus status detector
This circuit detects whether or not the bus is released by detecting start conditions and stop conditions.
However, as the bus status cannot be detected immediately following operation, the initial status is set by the
IICFO.STCENO bit.
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18.3 Registers
I°’CO is controlled by the following registers.

« |IC control register 0 (1ICC0)

« |IC status register 0 (IICS0)

« |IC flag register 0 (IICFO0)

* |IC clock selection register 0 (IICCLO)

« |IC function expansion register 0 (IICX0)

The following registers are also used.

« |IC shift register 0 (11C0)
» Slave address register 0 (SVAO)

Remark For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins Are Used for
Alternate Functions.

(1) lIC control register 0 (11ICCO0)
The IICCO register is used to enable/stop I°CO operations, set wait timing, and set other I°C operations.
The 1ICCO register can be read or written in 8-bit or 1-bit units.
After reset, IICCO is cleared to O0OH.

494 User's Manual U16891EJ1VOUD



CHAPTER 18 I’C BUS

(1/4)
After reset: 00H R/W Address: FFFFFD82H
<7> <6> <5> <4> <3> <2> <1> <0>
IICCO IICEO LRELO WRELO SPIEO WTIMO ACKEO STTO SPTO
IICEO I°CO operation enable/disable specification
0 Stop operation. Reset the IICSO0 register"®**. Stop internal operation.
1 Enable operation.
Condition for clearing (IICEO bit = 0) Condition for setting (IICEO bit = 1)
* Cleared by instruction « Set by instruction
* Reset
LRELO Exit from communications
0 Normal operation
1 This exits from the current communications and sets standby mode. This setting is automatically cleared to 0 after

being executed.

Its uses include cases in which a locally irrelevant extension code has been received.

The SCLO and SDAO lines are set to high impedance.

The STTO, SPTO, IICS0.MSTSO0, IICS0.EXCO, IICS0.COI0, IICS0.TRCO, IICS0.ACKDO, and IICS0.STDO bits are
cleared to 0.

The standby mode following exit from communications remains in effect until the following communications entry conditions
are met.

« After a stop condition is detected, restart is in master mode.

* An address match or extension code reception occurs after the start condition.

Condition for clearing (LRELO bit = 0)"*? Condition for setting (LRELO bit = 1)
» Automatically cleared after execution * Set by instruction
* Reset
WRELO Wait cancellation control
0 Do not cancel wait
1 Cancel wait. This setting is automatically cleared to O after wait is canceled.
Condition for clearing (WRELO bit = 0)"*? Condition for setting (WRELO bit = 1)
» Automatically cleared after execution « Set by instruction
* Reset

Notes 1. The IICSO register, and the IICF0.STCFO, IICFO.IICBSYO, IICCL0.CLDO, and [ICCL0.DADO bits are
reset.
2. This flag’s signal is invalid when the IICEO bit = 0.
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(2/4)

SPIEO Enable/disable generation of interrupt request when stop condition is detected
0 Disable
1 Enable

Condition for clearing (SPIEQ bit = 0)"*°

Condition for setting (SPIEO bit = 1)

« Cleared by instruction

* Set by instruction

* Reset
WTIMO Control of wait and interrupt request generation

0 Interrupt request is generated at the eighth clock’s falling edge.
Master mode: After output of eight clocks, clock output is set to low level and wait is set.
Slave mode: After input of eight clocks, the clock is set to low level and wait is set for master device.

1 Interrupt request is generated at the ninth clock’s falling edge.
Master mode: After output of nine clocks, clock output is set to low level and wait is set.
Slave mode: After input of nine clocks, the clock is set to low level and wait is set for master device.

An interrupt is generated at the falling of the 9th clock during address transfer independently of the setting of this bit.
The setting of this bit is valid when the address transfer is completed. When in master mode, a wait is inserted at the
falling edge of the ninth clock during address transfers. For a slave device that has received a local address, a wait is
inserted at the falling edge of the ninth clock after an acknowledge signal (ACK) is issued. However, when the slave
device has received an extension code, a wait is inserted at the falling edge of the eighth clock.

Condition for clearing (WTIMO bit = 0)"*

Condition for setting (WTIMO bit = 1)

« Cleared by instruction

* Set by instruction

* Reset
ACKEO Acknowledgment control
0 Disable acknowledgment.
1 Enable acknowledgment. During the ninth clock period, the SDAO line is set to low level. However, ACK is
invalid during address transfers and other than in expansion mode.

Condition for clearing (ACKEQO bit = 0)"**

Condition for setting (ACKEO bit = 1)

« Cleared by instruction
* Reset

* Set by instruction

Note This flag’s signal is invalid when the IICEO bit = 0.
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(3/4)
STTO Start condition trigger
0 Do not generate a start condition.
1 When bus is released (in STOP mode):
Generate a start condition (for starting as master). The SDAO line is changed from high level to low level
and then the start condition is generated. Next, after the rated amount of time has elapsed, the SCLO
line is changed to low level.
When a third party is communicating
*  When communication reservation function is enabled (IICF0.IICRSVO bit = 0)
Functions as the start condition reservation flag. When set to 1, automatically generates a start
condition after the bus is released.
*  When communication reservation function is disabled (IICRSVO bit = 1)
The IICF0.STCFO bit is set to 1. No start condition is generated.
In the wait state (when master device):
Generates a restart condition after releasing the wait.
Cautions concerning set timing
For master reception: Cannot be set to 1 during transfer. Can be set to 1 only when the ACKEO bit has been
cleared to 0 and slave has been notified of final reception.
For master transmission: A start condition cannot be generated normally during the ACKO period. Set to 1 during the
wait period.
« Cannot be set to 1 at the same time as the SPTO bit.
Condition for clearing (STTO bit = 0)"**° Condition for setting (STTO bit = 1)
« Cleared by loss in arbitration * Set by instruction
« Cleared after start condition is generated by master
device
* When the LRELO bit = 1 (exit from communications)
* When the IICEO bit = 0 (operation stop)
* Reset
Note This flag’s signal is invalid when the IICEO bit = 0.
Remark The STTO bitis 0 if it is read after data setting.
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(4/4)

SPTO Stop condition trigger
0 Stop condition is not generated.
1 Stop condition is generated (termination of master device’s transfer).

After the SDAO line goes to low level, either set the SCLO line to high level or wait until the SCLO pin
goes to high level. Next, after the rated amount of time has elapsed, the SDAO line is changed from
low level to high level and a stop condition is generated.

Cautions concerning setting timing

For master reception: Cannot be set to 1 during transfer. Can be set to 1 only when the ACKEO bit has
been cleared to 0 and during the wait period after slave has been notified of final
reception.

For master transmission: A stop condition cannot be generated normally during the ACK signal period. Setto 1

during the wait period.

« Cannot be set to 1 at the same time as the STTO bit.
The SPTO bit can be set to 1 only when in master mode
When the WTIMO bit has been cleared to 0, if the SPTO bit is set to 1 during the wait period that follows output
of eight clocks, note that a stop condition will be generated during the high-level period of the ninth clock.

When a ninth clock must be output, the WTIMO bit should be set from 0 to 1 during the wait period following
output of eight clocks, and the SPTO bit should be set to 1 during the wait period that follows output of the ninth
clock.

Note 1

Condition for clearing (SPTO bit = 0)"°? Condition for setting (SPTO bit = 1)

« Cleared by loss in arbitration  Set by instruction
« Automatically cleared after stop condition is detected
* When the LRELO bit = 1 (exit from communications)
« When the IICEO bit = 0 (operation stop)

* Reset

Notes 1. Setthe SPTO bit to 1 only in master mode. However, the SPTO bit must be setto 1 and a
stop condition generated before the first stop condition is detected following the switch to
operation enable status. For details, refer to 18.14 Cautions.

2. This flag’s signal is invalid when the IICEO bit = 0.

Caution When the IICS0.TRCO bit is set to 1, the WRELO bit is set to 1 during the ninth clock
and wait is canceled, after which the TRCO bit is cleared to 0 and the SDAO line is set

to high impedance.

Remark The SPTO bitis O if it is read after data setting.
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(2) IIC status register 0 (IICS0)
The 1ICSO register indicates the status of the I°CO bus.
The IICSO register is read-only, in 8-bit or 1-bit units.
After reset, IICSO is cleared to O0H.

Caution When the main clock is stopped and the CPU is operating on the subclock, do not access
the IICSO register using an access method that causes a wait.
For details, refer to 3.4.8 (2).

(1/3)
After reset: 00H R Address: FFFFFD86H
<7> <6> <5> <4> <3> <2> <1> <0>
IICSO MSTSO ALDO EXCO Colo TRCO ACKDO STDO SPDO
MSTSO0 Master device status
0 Slave device status or communication standby status
1 Master device communication status
Condition for clearing (MSTSO bit = 0) Condition for setting (MSTSO bit = 1)
* When a stop condition is detected * When a start condition is generated

* When the ALDO bit = 1 (arbitration loss)

* Cleared by the IICCO.LRELO bit = 1 (exit from
communications)

* When the IICCO.IICEO bit changes from 1 to 0 (operation

stop)
* Reset
ALDO Detection of arbitration loss
0 This status means either that there was no arbitration or that the arbitration result was a “win”.
1 This status indicates the arbitration result was a “loss”. The MSTSO bit is cleared to 0.
Condition for clearing (ALDO bit = 0) Condition for setting (ALDO bit = 1)

» Automatically cleared after the 1ICSO register is read « When the arbitration result is a “loss”.
* When the IICEO bit changes from 1 to 0 (operation stop)
* Reset

Note This register is also cleared when a bit manipulation instruction is executed for bits other than the IICSO
register.
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(2/3)

EXCO Detection of extension code reception
0 Extension code was not received.
1 Extension code was received.

Condition for clearing (EXCO bit = 0)

Condition for setting (EXCO bit = 1)

* When a start condition is detected

* When a stop condition is detected

* Cleared by the LRELO bit = 1 (exit from communications)
» When the IICEO bit changes from 1 to 0 (operation stop)
* Reset

* When the higher four bits of the received address data
is either “0000" or “1111" (set at the rising edge of the
eighth clock).

COI0 Detection of matching addresses
0 Addresses do not match.
1 Addresses match.

Condition for clearing (COIO0 bit = 0)

Condition for setting (COIO bit = 1)

* When a start condition is detected

* When a stop condition is detected

* Cleared by the LRELO bit = 1 (exit from communications)
* When the I[ICEO bit changes from 1 to 0

* When the received address matches the local address
(SVAO register) (set at the rising edge of the eighth
clock).

* Reset
TRCO Detection of transmit/receive status
0 Receive status (other than transmit status). The SDAO line is set for high impedance.
1 Transmit status. The value in the SO latch is enabled for output to the SDAO line (valid starting at the rising
edge of the first byte’s ninth clock).

Condition for clearing (TRCO bit = 0)

Condition for setting (TRCO bit = 1)

* When a stop condition is detected

« Cleared by the LRELO bit = 1 (exit from communications)

* When the IICEO bit changes from 1 to O (operation stop)

« Cleared by the IICC0.WRELO bit = 1" (wait release)

* When the ALDO bit changes from 0 to 1 (arbitration loss)

* Reset

Master

« When “1” is output to the first byte’s LSB (transfer
direction specification bit)

Slave

* When a start condition is detected

When not used for communication

Master

* When a start condition is generated

Slave

* When “1" is input in the first byte’'s LSB (transfer
direction specification bit)

Note The IICSO.TRCO bit is cleared to 0 and the SDAO line become high impedance when the

IICCO0.WRELDO bit is set to 1 and wait state is released at the ninth clock with the TRCO bit = 1.
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(3/3)
ACKDO Detection of acknowledge signal (ACK)
0 ACK signal was not detected.
1 ACK signal was detected.
Condition for clearing (ACKDO bit = 0) Condition for setting (ACKDO bit = 1)
« When a stop condition is detected « After the SDAO pin is set to low level at the rising edge of
« At the rising edge of the next byte’s first clock the SCLO pin’s ninth clock
 Cleared by the LRELO bit = 1 (exit from communications)
« When the IICEO bit changes from 1 to 0 (operation stop)
* Reset
STDO Detection of start condition
0 Start condition was not detected.
1 Start condition was detected. This indicates that the address transfer period is in effect
Condition for clearing (STDO bit = 0) Condition for setting (STDO bit = 1)
« When a stop condition is detected When a start condition is detected
« At the rising edge of the next byte’s first clock following
address transfer
« Cleared by the LRELO bit = 1 (exit from communications)
« When the IICEO bit changes from 1 to 0 (operation stop)
* Reset
SPDO Detection of stop condition
0 Stop condition was not detected.
1 Stop condition was detected. The master device’s communication is terminated and the bus is released.
Condition for clearing (SPDO bit = 0) Condition for setting (SPDO bit = 1)
« At the rising edge of the address transfer byte’s first | When a stop condition is detected
clock following setting of this bit and detection of a start
condition
« When the IICEO bit changes from 1 to 0 (operation stop)
* Reset
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(3) IIC flag register 0 (IICFO0)

502

IICFO is a register that sets the operation mode of I°CO and indicate the status of the I°C bus.

This register can be read or written in 8-bit or 1-bit units. However, the STCFO and IICBSYO bits are read-only.
The IICRSVO bit can be used to enable/disable the communication reservation function (refer to 18.13
Communication Reservation).

The STCENO bit can be used to set the initial value of the IICBSYO bit (refer to 18.14 Cautions).

The IICRSVO0 and STCENO bits can be written only when the operation of I°C0 is disabled (IICCO.IICEOQ bit = 0).
When operation is enabled, the IICFO register can be read.

After reset, IICFO is cleared to O0H.
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After reset: 00H

R/wNote Address: FFFFFD8AH

<7> <6> 5 4 3 2 <1> <0>
1ICFO | STCFO ‘ IICBSYO ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘STCENO ‘ IICRSVOl
STCFO IICCO.STTO clear flag
0 Generate start condition
1 Start condition generation unsuccessful: clear STTO flag
Condition for clearing (STCFO bit = 0) Condition for setting (STCFO bit = 1)
* Clearing by setting the STTO bit=1 » Generating start condition unsuccessful and the
* Reset STTO bit cleared to 0 when communication
reservation is disabled (IICRSVO bit = 1).
IICBSYO I>CO bus status flag
0 Bus release status
1 Bus communication status
Condition for clearing (IICBSYO bit = 0) Condition for setting (IICBSYO bit = 1)
« Detection of stop condition « Detection of start condition
* Reset « Setting of the IICEO bit when the STCENO bit = 0
STCENO Initial start enable trigger
0 After operation is enabled (IICEO bit = 1), enable generation of a start condition upon detection of
a stop condition.
1 After operation is enabled (IICEOQ bit = 1), enable generation of a start condition without detecting
a stop condition.
Condition for clearing (STCEQO bit = 0) Condition for setting (STCEO bit = 1)
« Detection of start condition ¢ Setting by instruction
* Reset
IICRSVO Communication reservation function disable bit
0 Enable communication reservation
1 Disable communication reservation
Condition for clearing (IICRSVO bit = 0) Condition for setting (IICRSVO bit = 1)
« Clearing by instruction « Setting by instruction
* Reset

Note Bits 6 and 7 are read-only bits.

Cautions 1. Write to the STCENO bit only when the operation is stopped (IICEO bit = 0).

2. As the bus release status (IICBSYO bit = 0) is recognized regardless of the actual bus
status when the STCENO bit = 1, when generating the first start condition (STTO bit = 1),
it is necessary to verify that no third party communications are in progress in order to

prevent such communications from being destroyed.
3. Write to the IICRSVO0 bit only when the operation is stopped (IICEO bit = 0).
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(4) 1IC clock selection register 0 (IICCLO)
The IICCLO register is used to set the transfer clock for the I°C bus.
The IICCLO register can be read or written in 8-bit or 1-bit units. However, the CLDO and DADO bits are read-
only. The SMCO, CLO1 and CLOO bits are set in combination with the IICX0.CLXO bit (refer to 18.3 (6) I°CO
transfer clock setting method).
After reset, [ICCLO is cleared to O0H.

Note

After reset: 00H R/W Address: FFFFFD84H
7 6 <5> <4> 3 2 1 0
IICCLO 0 0 CLDO DADO SMCO DFCO CLO1 CLOO
CLDO Detection of SCLO pin level (valid only when IICCO.IICEO bit = 1)
0 The SCLO pin was detected at low level.
1 The SCLO pin was detected at high level.
Condition for clearing (CLDO bit = 0) Condition for setting (CLDO bit = 1)
* When the SCLO pin is at low level * When the SCLO pin is at high level
» When the IICEO bit = 0 (operation stop)
* Reset
DADO Detection of SDAO pin level (valid only when IICEO bit = 1)
0 The SDAO pin was detected at low level.
1 The SDAO pin was detected at high level.
Condition for clearing (DADO bit = 0) Condition for setting (DADO bit = 1)
* When the SDAO pin is at low level * When the SDAO pin is at high level
» When IICEO bit = 0 (operation stop)
* Reset
SMCO Operation mode switching
0 Operates in standard mode.
1 Operates in high-speed mode.
DFCO Digital filter operation control
0 Digital filter off.
1 Digital filter on.
Digital filter can be used only in high-speed mode.
In high-speed mode, the transfer clock does not vary regardless of DFCO bit set/clear.
The digital filter is used for noise elimination in high-speed mode.

Note Bits 4 and 5 are read-only bits.
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(5) lIC function expansion register 0 (IICX0)
This register set the function expansion of I°CO (valid only in high-speed mode).
This register can be read or written in 8-bit or 1-bit units. The CLXO bit is set in combination with the
IICCLO0.SMCO, IICCLO0.CLO1, and IICCLO0.CLOO bits (refer to 18.3 (6) I°CO transfer clock setting method).

After reset, IICXO0 is cleared to O0H.

After reset: O0H R/W Address: FFFFFD85H
7 6 5 4 3 2 1 <0>
1ICX0 0 0 0 0 0 0 0 CLX0

(6) I*CO transfer clock setting method
The I°CO transfer clock frequency (fscL) is calculated using the following expression.

fscL=1/(Mx T + tR + tF)

m =12, 24, 48, 54, 86, 88, 172, 198 (refer to Table 18-2 Selection Clock Setting.)

T:  1/fxx
tr:  SCLO rise time
tr: SCLO fall time

For example, the I°CO transfer clock frequency (fscL) when fxx = 16 MHz, m = 172, tr = 200 ns, and tF = 50 ns is
calculated using following expression.

fscL = 1/(172 x 62.5 ns + 200 ns + 50 ns) = 90.9 kHz

mxT+1tr+tF

tr m/i2xT <+ tr m2xT

SCLO \

—

' ! !

SCLO inversion SCLO inversion SCLO inversion

A

The selection clock is set using a combination of the ICCL0.SMCO, IICCL0.CLO1, and IICCL0.CLOQO bits and the
IICX0.CLXO0 bit.
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Table 18-2. Selection Clock Setting

IICX0 IICCLO Selection Clock Transfer Clock Settable Internal System Operation Mode
Bito | Bit3 Bit 1 Bit 0 (fxx/m) Clock Frequency (fxx)
Range
CLXO0 | SMCO | CLO1 | CLOO
0 0 0 0 fxx/2 fxx/88 4.0 MHz to 8.38 MHz Normal mode
0 0 0 1| fod2 Fod172 8.38 MHz t0 16.76 MHz | (SMCObit=0)
0 0 1 0 fxx fxx/86 4.19 MHz to 8.38 MHz
0 0 1 1 fxx/3 fxx/198 16.0 MHz to 19.8 MHz
0 1 0 X fxx/2 fxx/48 8 MHz to 16.76 MHz High-speed mode
0 1 1 0 | fu /24 4 MHz t0 8.38 MHz (SMCO bit = 1)
0 1 1 1 fxxi3 fxx/54 16 MHz to 20 MHz
1 0 X X Setting prohibited
1 1 0 X fxx/2 fxx/24 8.00 MHz to 8.38 MHz High-speed mode
1 1 1 0 | fu fd/12 400 MHz to 419 MHz | (SMCObit=1)
1 1 1 1 Setting prohibited

Remark x: don't care

(7) NIC shift register 0 (11CO0)

The IICO register is used for serial transmission/reception (shift operations) that is synchronized with the serial

clock.

The IICO register can be read or written in 8-bit units, but data should not be written to IICO during a data

transfer.

When the IICO register is written during wait, the wait is cancelled and data transfer is started.
After reset, 1ICO is cleared to O0H.

After reset: 00H R/W Address: FFFFFD80OH
7 6 5 4 2 1 0
1ICO
(8) Slave address register 0 (SVAO0)
The SVAO register holds the I°C bus’s slave addresses.
The SVAO register can be read or written in 8-bit units, but bit 0 should be fixed as 0.
After reset, SVAO is cleared to O0H.
After reset: O0H R/W Address: FFFFFD83H
7 6 5 4 2 1 0
SVAO 0
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18.4 Functions

18.4.1 Pin configuration
The serial clock pin (SCLO) and serial data bus pin (SDAO) are configured as follows.

SCLO ...cceeeee. This pin is used for serial clock input and output.
This pin is an N-ch open-drain output for both master and slave devices. Inputis Schmitt input.
SDAO ....ccceeenne This pin is used for serial data input and output.

This pin is an N-ch open-drain output for both master and slave devices. Inputis Schmitt input.

Since outputs from the serial clock line and the serial data bus line are N-ch open-drain outputs, an external pull-up
resistor is required.

Figure 18-3. Pin Configuration Diagram

Vob Slave device
Master device |
SCLO SCLO
Clock output —>| - |<— (Clock output)
Vop
(Clock input) 4—@7 CIock input
SDAO SDAO

Data output —>| — |<— Data output

Data input <—<]— Data input
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18.5 I°C Bus Definitions and Control Methods

The following section describes the I°C bus’s serial data communication format and the signals used by the 1°C bus.
The transfer timing for the “start condition”, “data”, and “stop condition” output via the I°C bus’s serial data bus is

shown below.

Figure 18-4. I°’C Bus's Serial Data Transfer Timing

condition condition

The master device outputs the start condition, slave address, and stop condition.
The acknowledge signal (ACK) can be output by either the master or slave device (normally, it is output by the

device that receives 8-bit data).
The serial clock (SCLO) is continuously output by the master device. However, in the slave device, the SCLO’s low-
level period can be extended and a wait can be inserted.

18.5.1 Start condition

A start condition is met when the SCLO pin is at high level and the SDAO pin changes from high level to low level.
The start conditions for the SCLO pin and SDAO pin are signals that the master device outputs to the slave device
when starting a serial transfer. Start conditions can be detected when the device is used as a slave.

Figure 18-5. Start Conditions

SCLO

SDAO

A start condition is output when the IICCO.STTO bit is set to 1 after a stop condition has been detected (IICS0.SPDO
bit = 1). When a start condition is detected, IICS0.STDO bit is set to 1.
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18.5.2 Addresses

The 7 bits of data that follow the start condition are defined as an address.

An address is a 7-bit data segment that is output in order to select one of the slave devices that are connected to
the master device via bus lines. Therefore, each slave device connected via the bus lines must have a unique
address.

The slave devices include hardware that detects the start condition and checks whether or not the 7-bit address
data matches the data values stored in the SVAO register. If the address data matches the SVAO values, the slave
device is selected and communicates with the master device until the master device transmits a start condition or stop
condition.

Figure 18-6. Address

SCLO 1 2 3 4 5 6 7 8 9
SDAO \ /ADGXADSXAD4XAD3XAD2XAD1XADOXR/V_VX
Address
Note
INTIICO

Note The interrupt request signal (INTIICO) is generated if a local address or extension code is received
during slave device operation.

The slave address and the eighth bit, which specifies the transfer direction as described in 18.5.3 Transfer
direction specification below, are together written to the 11ICO register and are then output. Received addresses are
written to the IICO register.

The slave address is assigned to the higher 7 bits of the 1ICO register.
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18.5.3 Transfer direction specification

In addition to the 7-bit address data, the master device sends 1 bit that specifies the transfer direction. When this
transfer direction specification bit has a value of 0, it indicates that the master device is transmitting data to a slave
device. When the transfer direction specification bit has a value of 1, it indicates that the master device is receiving

data from a slave device.

Figure 18-7. Transfer Direction Specification

SCLO 1 2 3 4 5 6 7 8 9

SDAO _\‘ / AD6XAD5XAD4XAD3XAD2XAD1XADOX i/,v_ix

Transfer direction specification
Note

INTIICO

Note The interrupt request signal (INTIICO) is generated if a local address or extension code is received

during slave device operation.
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18.5.4 Acknowledge signal (ACK)

The acknowledge signal (ACK) is used by the transmitting and receiving devices to confirm serial data reception.

The receiving device returns one ACK signal for each 8 bits of data it receives. The transmitting device normally
receives an ACK signal after transmitting 8 bits of data. However, when the master device is the receiving device, it
does not output an ACK signal after receiving the final data to be transmitted. The transmitting device detects whether
or not an ACK signal is returned after it transmits 8 bits of data. When an ACK signal is returned, the reception is
judged as normal and processing continues. If the slave device does not return an ACK signal, the master device
outputs either a stop condition or a restart condition and then stops the current transmission. Failure to return an ACK
sighal may be caused by the following two factors.

<1> Reception was not performed normally.

<2> The final data was received.

When the receiving device sets the SDAO line to low level during the ninth clock, the ACK signal becomes active
(normal receive response).

When the IICC0.ACKEDO bit is set to 1, automatic ACK signal generation is enabled.

Transmission of the eighth bit following the 7 address data bits causes the IICS0.TRCO bit to be set. When this
TRCO bit's value is 0, it indicates receive mode. Therefore, the ACKEO bit should be set to 1.

When the slave device is receiving (when TRCO bit = 0), if the slave device does not need to receive any more data
after receiving several bytes, clearing the ACKEO bit to O will prevent the master device from starting transmission of
the subsequent data.

Similarly, when the master device is receiving (when TRCO bit = 0) and the subsequent data is not needed and
when either a restart condition or a stop condition should therefore be output, clearing the ACKEO bit to O will prevent
the ACK signal from being returned. This prevents the MSB data from being output via the SDAO line (i.e., stops
transmission) during transmission from the slave device.

Figure 18-8. Acknowledge Signal (ACK)

SCLO 1 2 3 4 5 6 7 8 9

SDAO _\‘ / ADGXADSXAD4XAD3XAD2XAD1XADOXR/V_\/\AC_KF

When the local address is received, an ACK signal is automatically output in synchronization with the falling edge
of the SCLO pin’s eighth clock regardless of the ACKEO bit value. No ACK signal is output if the received address is
not a local address.

The ACK signal output method during data reception is based on the wait timing setting, as described below.

* When 8-clock wait is selected: ACK signal is output at the falling edge of the SCLO pin’s eighth clock if the

(ICCO.WTIMO bit = 0) ACKEDO bit is set to 1 before wait cancellation.
« When 9-clock wait is selected: ACK signal is automatically output at the falling edge of the SCLO pin’s eighth
(WTIMO bit = 1) clock if the ACKEO bit has already been set to 1.
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18.5.5 Stop condition
When the SCLO pin is at high level, changing the SDAO pin from low level to high level generates a stop condition.
A stop condition is a signal that the master device outputs to the slave device when serial transfer has been
completed. Stop conditions can be detected when the device is used as a slave.

Figure 18-9. Stop Condition

SCLO

SDAO

A stop condition is generated when the IICCO.SPTO bit is set to 1. When the stop condition is detected, the
IICS0.SPDO bit is set to 1 and the interrupt request signal (INTIICO) is generated when the IICC0.SPIEO bit is set to 1.
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18.5.6 Wait signal (WAIT)

The wait signal (WAIT) is used to notify the communication partner that a device (master or slave) is preparing to

transmit or receive data (i.e

., is in a wait state).

Setting the SCLO pin to low level notifies the communication partner of the wait status. When the wait status has

been canceled for both the master and slave devices, the next data transfer can begin.

Figure 18-10. Wait Signal (1/2)

Master

IICO

SCLO

Slave

11CO

SCLO

ACKEO

Transfer lines|

SCLO

SDAO

(@) When master device has a nine-clock wait and slave device has an eight-clock wait

(master: transmission, slave: reception, and IICC0.ACKEO bit = 1)

Master returns to high

impedance but slave Wait after output

is in wait state (low level). of ninth clock.

| IICO data write (cancel wait)
[

Wait after output

of eighth clock. FFH is written to 1ICO register or
| IICCO.WRELO bit is set to 1.

I

Wait signal Wait signal
from slave from master

TR R AR
XDZXDlXDOX ACK / D7 X\ D6 X D5
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Figure 18-10. Wait Signal (2/2)

(b) When master and slave devices both have a nine-clock wait

(master: transmission, slave: reception, and ACKEOQO =1)

Master Master and slave both wait
after output of ninth clock.

1o data write (cancel wait)
1ICO |
SCLO 6 7 8 9 1 2 3
Slave ; I
: : FFH is written to ICO register or
I : | WRELO bit is set to 1.
1co : ,
ScLo :
ACKEOQ H ;
Wait signal o
from master | Wait signal
Transfer lines and slave | from slave

wo TLFLFLRR ) ) FLRLRL

SDAO XDZXDlXDOX{W/ X D7 XDGXDSX

Output according to previously set ACKEO bit value

A wait may be automatically generated depending on the setting for the IICC0.WTIMO bit.

Normally, when the IICCO.WRELO bit is set to 1 or when FFH is written to the IICO register, the wait status is
canceled and the transmitting side writes data to the 1ICO register to cancel the wait status.

The master device can also cancel the wait status via either of the following methods.

* By setting the IICCO0.STTO bit to 1
« By setting the IICC0.SPTO bitto 1
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18.6 I’C Interrupt Request Signals (INTIICO)

The following shows the value of the IICSO register at the INTICO interrupt request signal generation timing and at
the INTIICO signal timing.

18.6.1 Master device operation

(1) Start ~ Address ~ Data ~ Data ~ Stop (normal transmission/reception)

<1> When IICCO.WTIMO bit =0

SPTO bit=1
!

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 A4 A5

A 1: lICSO register = 10XXX110B

A2: [ICSO register = 10XXX000B

A3: lICSO register = 10XXX000B (WTIMO bit = 1)
A4: 1ICSO register = 10XXXX00B

A 5: 1ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when IICCO.SPIEO bit = 1
X: don't care

<2> When WTIMO bit =1
[ICCO.SPTO hit =1

|
ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 JAviS

A1: lICSO register = 10XXX110B
A2: lICSO register = 10XXX100B
A3: lICSO register = 10XXXX00B
A 4: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit = 1
X: don't care
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(2) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop (restart)

<1> When WTIMO bit =0

IICCO.STTO bit=1 SPTO bit=1
| !

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 A4 A5 AG A7

A1: 1ICSO register = 10XXX110B

A2: 1ICSO register = 10XXX000B (WTIMO bit = 1)
A3: [ICSO register = 10XXXX00B (WTIMO bit = 0)
A4: 1ICSO register = 10XXX110B (WTIMO bit = 0)
A5: lICSO register = 10XXX000B (WTIMO bit = 1)
A6: 1ICSO register = 10XXXX00B

A 7: 1ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care

<2> When WTIMO bit =1

STTObit=1 SPTO bit=1
! !

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 A4 A5

AL: lICSO register = 10XXX110B
A2: [ICSO register = 10XXXX00B
A3: lICSO register = 10XXX110B
A4: 1ICSO register = 10XXXX00B
A 5: 1ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care
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(3) Start ~ Code ~ Data ~ Data ~ Stop (extension code transmission)

<1> When WTIMO bit =0

SPTO bit=1
|
ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 A4l A5

A1: lICSO register = 1010X110B
A2: IICSO register = 1010X000B
A3: lICSO register = 1010X000B (WTIMO bit = 1)
A4: 1ICSO register = 1010XX00B
A 5: [ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care

<2> When WTIMO bit =1
SPTO bit=1

1
ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 A

A1: lICSO register = 1010X110B
A2: lICSO register = 1010X100B
A3: lICSO register = 1010XX00B
A 4: 1ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEOQ bit =1
X: don't care
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18.6.2 Slave device operation (when receiving slave address data (match with address))

(1) Start ~ Address ~ Data ~ Data ~ Stop

<1> When [ICCO.WTIMO bit =0

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 JAv:]

A1: [ICSO register = 0001X110B
A2: 1ICSO register = 0001X000B
A3: 1ICSO register = 0001X000B
A 4: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when IICCO.SPIEO bit = 1
X: don't care

<2> When WTIMO bit =1

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 JAvAS

A1: 1ICSO register = 0001X110B
A2: 1ICSO register = 0001X100B
A3: [ICSO register = 0001XX00B
A 4: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit = 1
X: don't care
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(2) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

<1> When WTIMO bit = 0 (after restart, match with address)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 Al A5

A1: lICSO register = 0001X110B
A2: ICSO register = 0001X000B
A3: lICSO register = 0001X110B
A4: 1ICSO register = 0001X000B
A 5: 1ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care

<2> When WTIMO bit = 1 (after restart, match with address)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 A4 A5

A1: lICSO register = 0001X110B
A2: ICSO register = 0001XX00B
A3: IICSO register = 0001X110B
A4: ICSO register = 0001XX00B
A 5: 1ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit = 1
X: don't care

User's Manual U16891EJ1VOUD 519



CHAPTER 18 I’C BUS

(3) Start ~ Address ~ Data ~ Start ~ Code ~ Data ~ Stop

<1> When WTIMO bit = 0 (after restart, extension code reception)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 A4 A5

A1: 1ICSO register = 0001X110B
A2: 1ICSO register = 0001X000B
A3: [ICSO register = 0010X010B
A4: 1ICSO register = 0010X000B
A 5: 1ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care

<2> When WTIMO bit = 1 (after restart, extension code reception)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 A4 A5 A6

A1: 1ICSO register = 0001X110B
A2: lICSO register = 0001XX00B
A3: 1ICSO register = 0010X010B
A4: ICSO register = 0010X110B
A5: lICSO register = 0010XX00B
A 6: 11ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care
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(4) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

<1> When WTIMO bit = 0 (after restart, mismatch with address (= not extension code))

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
Al A2 A3 A
A1: lICSO register = 0001X110B
A2: 1ICSO register = 0001X000B
A3: lICSO register = 00000X10B
A 4: 11ICS0 register = 00000001B
Remark A: Always generated
A:  Generated only when SPIEO bit = 1
X: don't care
<2> When WTIMO bit = 1 (after restart, mismatch with address (= not extension code))
ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
Al A2 A3 JAY:)

A1: lICSO register = 0001X110B
A2: ICSO register = 0001XX00B
A3: ICSO register = 00000X10B
A 4: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care
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18.6.3 Slave device operation (when receiving extension code)

(1) Start ~ Code ~ Data ~ Data ~ Stop

<1> When [ICCO.WTIMO bit =0

ST

ADG6 to ADO

RW

AK

D7 to DO

AK

D7 to DO

AK

SP

Al

A1: [ICSO register = 0010X010B

A2: 1ICSO register = 0010X000B

A3: 1ICSO register = 0010X000B

A 4: 11ICS0 register = 00000001B

Remark

A: Always generated
A:  Generated only when IICCO.SPIEO bit = 1
X: don't care

<2> When WTIMO bit =1

A2

A3

JAY:S

ST

ADG6 to ADO

RW

AK

D7 to DO

AK

D7 to DO

AK

SP

Al:
A2:
A3:
A4:
AS:

Al A2

IICSO register = 0010X010B

IICSO0 register = 0010X110B

IICSO register = 0010X100B

IICSO register = 0010XX00B

IICSO register = 00000001B

Remark

A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care

A3

Al

A5
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(2) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

<1> When WTIMO bit = 0 (after restart, match with address)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 Al A5

A1: lICSO register = 0010X010B
A2: ICSO register = 0010X000B
A3: lICSO register = 0001X110B
A4: 1ICSO register = 0001X000B
A 5: 1ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care

<2> When WTIMO bit = 1 (after restart, match with address)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 A4 A5 A6

A1: lICSO register = 0010X010B
A2: lICSO register = 0010X110B
A3: [ICSO register = 0010XX00B
A4: |ICSO register = 0001X110B
A5: [ICSO register = 0001XX00B
A 6: 1ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care
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(3) Start ~ Code ~ Data ~ Start ~ Code ~ Data ~ Stop

<1> When WTIMO bit = 0 (after restart, extension code reception)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 A4 A5

A1: 1ICSO register = 0010X010B
A2: 1ICSO register = 0010X000B
A3: [ICSO register = 0010X010B
A4: 1ICSO register = 0010X000B
A 5: 1ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care

<2> When WTIMO bit = 1 (after restart, extension code reception)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 A4 A5 AG A7

A1: 1ICSO register = 0010X010B
A2: 1ICSO register = 0010X110B
A3: 1ICSO register = 0010XX00B
A4: |ICSO register = 0010X010B
A5: 1ICSO register = 0010X110B
A6: ICSO register = 0010XX00B
A 7: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care
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(4) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

<1> When WTIMO bit = 0 (after restart, mismatch with address (= not extension code))

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
Al A2 A3 JAvis
A1: lICSO register = 0010X010B
A2: 1ICSO register = 0010X000B
A3: lICSO register = 00000X10B
A 4: 11ICS0 register = 00000001B
Remark A: Always generated
A:  Generated only when SPIEO bit = 1
X: don't care
<2> When WTIMO bit = 1 (after restart, mismatch with address (= not extension code))
ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
Al A2 A3 A4 A5

A1: lICSO register = 0010X010B
A2: ICSO register = 0010X110B
A3: lICSO register = 0010XX00B
A4: 1ICSO register = 00000X10B
A 5: 1ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEOQ bit =1
X: don't care
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18.6.4 Operation without communication

(1) Start ~ Code ~ Data ~ Data ~ Stop

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al

A 1: 1ICSO register = 00000001B

Remark A:  Generated only when IICCO.SPIEO bit = 1

18.6.5 Arbitration loss operation (operation as slave after arbitration loss)

(1) When arbitration loss occurs during transmission of slave address data

<1> When IICCO0.WTIMO bit = 0

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 JAvAS

A1: 1ICSO register = 0101X110B (Example: when IICS0.ALDO bit is read during interrupt servicing)
A2: 1ICSO register = 0001X000B
A3: [ICSO register = 0001X000B
A 4: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when IICC0.SPIEO bit = 1
X: don't care

<2> When WTIMO bit =1

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 JAv:]

A1: [ICSO register = 0101X110B (Example: when ALDO bit is read during interrupt servicing)
A2: 1ICSO register = 0001X100B
A3: 1ICSO register = 0001XX00B
A 4: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care
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(2) When arbitration loss occurs during transmission of extension code

<1> When WTIMO bit =0

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 JAvis

A1: lICSO register = 0110X010B (Example: when ALDO bit is read during interrupt servicing)
A2: 1ICSO register = 0010X000B
A3: [ICSO register = 0010X000B
A 4: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit = 1
X: don't care

<2> When WTIMO bit =1

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 A4 A5

A1: lICSO register = 0110X010B (Example: when ALDO bit is read during interrupt servicing)
A2: ICSO register = 0010X110B
A3: ICSO register = 0010X100B
A4: 1ICSO register = 0010XX00B
A 5: 1ICSO register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care
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18.6.6 Operation when arbitration loss occurs (no communication after arbitration loss)

(1) When arbitration loss occurs during transmission of slave address data

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2

A1: 1ICSO register = 01000110B (Example: when IICS0.ALDO bit is read during interrupt servicing)
A 2: 11ICS0 register = 00000001B

Remark A: Always generated
A: Generated only when IICC0.SPIEO bit = 1

(2) When arbitration loss occurs during transmission of extension code

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2

A1: [ICSO register = 0110X010B (Example: when ALDO bit is read during interrupt servicing)
IICCO.LRELO bit is set to 1 by software
A 2: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care
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(3) When arbitration loss occurs during data transfer

<1> When IICCO.WTIMO bit =0

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3

A1: [ICSO register = 10001110B
A2: lICSO register = 01000000B (Example: when ALDO bit is read during interrupt servicing)
A 3: 1ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEQ bit =1

<2> When WTIMO bit =1

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3

A1: [ICSO register = 10001110B
A2: lICSO register = 01000100B (Example: when ALDO bit is read during interrupt servicing)
A 3: 1ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
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(4) When loss occurs due to restart condition during data transfer

<1> Not extension code (Example: mismatches with address)

ST | AD6to ADO | RW AK D7 to Dm ST AD6 to ADO | RW AK D7 to DO AK SP
Al A2 A3

A1: 1ICSO register = 1000X110B

A2: 1ICSO register = 01000110B (Example: when ALDO bit is read during interrupt servicing)

A 3: 1ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care
Dm = D6 to DO
<2> Extension code
ST | AD6to ADO | RW AK D7 to Dm ST AD6 to ADO | RW AK D7 to DO AK SP
A3

Al A2

A1: [ICSO register = 1000X110B
A2: 1ICSO register = 0110X010B (Example: when ALDO bit is read during interrupt servicing)

LRELO bit is set to 1 by software
A 3: 1ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1

X: don't care
Dm = D6 to DO
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(5) When loss occurs due to stop condition during data transfer

ST | AD6to ADO | RW AK D7 to Dm SP

Al A2

A1: lICSO register = 1000X110B
A 2: 1ICS0 register = 01000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care
Dm = D6 to DO

(6) When arbitration loss occurs due to low-level data when attempting to generate a restart condition

When WTIMO bit =1
IICCO.STTO bit = 1
!

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK D7 to DO

AK

SP

Al A2 A3

A1: IICSO register = 1000X110B
A2: 1ICSO register = 1000XX00B
A3: lICSO register = 01000100B (Example: when ALDO bit is read during interrupt servicing)
A 4: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1
X: don't care

JAviS
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(7) When arbitration loss occurs due to a stop condition when attempting to generate a restart condition

When WTIMO bit =1
STTO bit=1

|

ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3

A1: 1ICSO register = 1000X110B
A2: lICSO register = 1000XX00B
A 3: 1ICS0 register = 01000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1

X: don't care

(8) When arbitration loss occurs due to low-level data when attempting to generate a stop condition

When WTIMO bit =1
IICCO.SPTO bit=1

|

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK D7 to DO AK SP

Al A2 A3 JAv:]

A1: [ICSO register = 1000X110B
A2: 1ICSO register = 1000XX00B
A3: 1ICSO register = 01000000B (Example: when ALDO bit is read during interrupt servicing)

A 4: 11ICS0 register = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO bit =1

X: don't care
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18.7 Interrupt Request Signal (INTIICO) Generation Timing and Wait Control

The setting of the ICCO.WTIMO bit determines the timing by which the INTIICO signal is generated and the
corresponding wait control, as shown below.

Table 18-3. INTIICO Signal Generation Timing and Wait Control

WTIMO Bit During Slave Device Operation During Master Device Operation
Address Data Reception | Data Transmission Address Data Reception | Data Transmission
0 chleS 1,2 8Nole 2 8N0le 2 9 8 8
l chles 1,2 chle 2 gNo(e 2 9 9 9
Notes 1. The slave device’s INTIICO signal and wait period occurs at the falling edge of the ninth clock only when

there is a match with the address set to the SVAO register.
At this point, an ACK signal is output regardless of the value set to the IICC0.ACKEDO bit. For a slave
device that has received an extension code, the INTIICO signal occurs at the falling edge of the eighth
clock.
When the address does not match after restart, the INTIICO signal is generated at the falling edge of the
ninth clock, but no wait occurs.

2. If the received address does not match the contents of the SVAO register and extension codes have not
been received, neither the INTIICO signal nor a wait occurs.

Remark The numbers in the table indicate the number of the serial clock’s clock signals. Interrupt requests and
wait control are both synchronized with the falling edge of these clock signals.

(1) During address transmission/reception
« Slave device operation:  Interrupt and wait timing are determined depending on the conditions in Notes 1

and 2 above regardless of the WTIMO bit.

Interrupt and wait timing occur at the falling edge of the ninth clock regardless of

the WTIMO bit.

« Master device operation:

(2) During data reception
« Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.

(3) During data transmission
« Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.
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(4) Wait cancellation method
The four wait cancellation methods are as follows.

* By setting the ICCO.WRELO bit to 1

« By writing to the IICO register

« By start condition setting (IICC0.STTO bit = 1)**°
« By stop condition setting (IICC0.SPTO bit = 1)

Note Master only

When an 8-clock wait has been selected (WTIMO bit = 0), the output level of the ACK signal must be
determined prior to wait cancellation.

(5) Stop condition detection
The INTIICO signal is generated when a stop condition is detected.

18.8 Address Match Detection Method

When in I’C bus mode, the master device can select a particular slave device by transmitting the corresponding
slave address.

Address match detection is performed automatically by hardware. An INTIICO interrupt request signal occurs when
a local address has been set to the SVAO register and when the address set to the SVAO register matches the slave
address sent by the master device, or when an extension code has been received.

18.9 Error Detection

In I’C bus mode, the status of the serial data bus (SDAO) during data transmission is captured by the 1ICO register
of the transmitting device, so the 1ICO register data prior to transmission can be compared with the transmitted 11CO
register data to enable detection of transmission errors. A transmission error is judged as having occurred when the
compared data values do not match.
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18.10 Extension Code

@)

)

®3)

When the higher 4 bits of the receive address are either 0000 or 1111, the extension code flag (EXCO) is set for
extension code reception and an interrupt request signal (INTIICO) is issued at the falling edge of the eighth clock.

The local address stored in the SVAQ register is not affected.

If 11110xx0 is set to the SVAO register by a 10-bit address transfer and 11110xx0 is transferred from the master

device, the results are as follows. Note that the INTIICO signal occurs at the falling edge of the eighth clock.

« Higher 4 bits of data match: 11ICS0.EXCO bit =1
« 7 bits of data match: 11CS0.COIO0 bit=1

Since the processing after the INTIICO signal occurs differs according to the data that follows the extension code,

such processing is performed by software.

For example, when operation as a slave is not desired after the extension code is received, set the ICCO.LRELO

bit to 1 and the CPU will enter the next communication wait state.

Table 18-4. Extension Code Bit Definitions

Slave Address R/W Bit Description
0000 000 0 General call address
0000 000 1 Start byte
0000 001 X CBUS address
0000 010 X Address that is reserved for different bus format
1111 Oxx X 10-bit slave address specification
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18.11 Arbitration

When several master devices simultaneously output a start condition (when the IICCO.STTO bit is set to 1 before
the 1ICS0.STDO bit is set to 1), communication among the master devices is performed as the number of clocks is
adjusted until the data differs. This kind of operation is called arbitration.

When one of the master devices loses in arbitration, an arbitration loss flag (IICS0.ALDO bit) is set (1) via the timing
by which the arbitration loss occurred, and the SCLO and SDAO lines are both set for high impedance, which releases
the bus.

The arbitration loss is detected based on the timing of the next interrupt request signal (INTIICO) (the eighth or ninth
clock, when a stop condition is detected, etc.) and the ALDO bit = 1 setting that has been made by software.

For details of interrupt request timing, refer to 18.6 I°C Interrupt Request Signals (INTIICO).

Figure 18-11. Arbitration Timing Example

Master 1

SCLO

SDAO

Master 2

SCLO

SDAO

Transfer lines|
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Table 18-5. Status During Arbitration and Interrupt Request Generation Timing

Status During Arbitration Interrupt Request Generation Timing

Note 1

During address transmission At falling edge of eighth or ninth clock following byte transfer

Read/write data after address transmission

During extension code transmission

Read/write data after extension code transmission

During data transmission

During ACK signal transfer period after data reception

When restart condition is detected during data transfer

When stop condition is detected during data transfer When stop condition is output (when IICC0.SPIEO bit = 1)"*?

Note 1

When the SDAO pin is at low level while attempting to At falling edge of eighth or ninth clock following byte transfer
output a restart condition

When stop condition is detected while attempting to output | When stop condition is output (when SPIEQ bit = 1)"*°?
a restart condition

Note 1

When the SDAO pin is at low level while attempting to At falling edge of eighth or ninth clock following byte transfer
output a stop condition

When the SCLO pin is at low level while attempting to
output a restart condition

Notes 1. When the [ICCO.WTIMO bit = 1, an interrupt request occurs at the falling edge of the ninth clock. When
the WTIMO bit = 0 and the extension code’s slave address is received, an interrupt request occurs at
the falling edge of the eighth clock.

2. When there is a possibility that arbitration will occur, set the SPIEO bit = 1 for master device operation.

18.12 Wakeup Function

The I°C bus slave function is a function that generates an interrupt request signal (INTIICO) when a local address or
extension code has been received.

This function makes processing more efficient by preventing unnecessary interrupt requests from occurring when
addresses do not match.

When a start condition is detected, wakeup standby mode is set. This wakeup standby mode is in effect while
addresses are transmitted due to the possibility that an arbitration loss may change the master device (which has
output a start condition) to a slave device.

However, when a stop condition is detected, the IICCO.SPIEO bit is set regardless of the wake up function, and this
determines whether interrupt requests are enabled or disabled.
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18.13 Communication Reservation

18.13.1 When communication reservation function is enabled (IICFO.IICRSVO bit = 0)

To start master device communications when not currently using a bus, a communication reservation can be made
to enable transmission of a start condition when the bus is released. There are two modes under which the bus is not
used.

* When arbitration results in neither master nor slave operation
¢ When an extension code is received and slave operation is disabled (ACK signal is not returned and the bus was
released when the [ICCO.LRELO bit was set to “1”).

If the ICCO.STTO bit is set (1) while the bus is not used, a start condition is automatically generated and the wait
status is set after the bus is released (after a stop condition is detected).

When the bus release is detected (when a stop condition is detected), writing to the IICO register causes the
master’s address transfer to start. At this point, the ICC0.SPIEO bit should be set (1).

When the STTO bit has been set (1), the operation mode (as start condition or as communication reservation) is
determined according to the bus status.

If the bus has beenreleased............ccccovvviiiiieeiiiiiiiienee, a start condition is generated
If the bus has not been released (standby mode) .............. communication reservation

To detect which operation mode has been determined for the STTO bit, set the STTO bit (1), wait for the wait period,
then check the IICS0.MSTSO bit.

Wait periods, which should be set via software, are listed in Table 18-6. These wait periods can be set via the
settings for the IICCL0.SMCO, [ICCL0.CL01, and IICCL0.CLOO bits.

Table 18-6. Wait Periods

SMCO CLO01 CLOO Wait Period

0 0 0 26 clocks
0 0 1 46 clocks
0 1 0 92 clocks
0 1 1 37 clocks
1 0 0 16 clocks
1 0 1

1 1 0 32 clocks
1 1 1 13 clocks
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The communication reservation timing is shown below.

Figure 18-12. Communication Reservation Timing

Program processing SITO Yl\glct)e to
Hardware processing | ire]:(tj ?IS'II?I?CO S'T'ID .
SCLO 1l f2| |3 |4] |5 71 8| |o 1 2| 3] |4

BEEEE

11ICO: IIC shift register O
STTO: Bit 1 of IIC control register 0 (IICCO)
STDO: Bit 1 of IIC status register 0 (1ICS0)
SPDO: Bit 0 of IIC status register 0 (1ICSO0)

SD‘“’MXXXXXXXXXJ\T

Output by master with bus access

Communication reservations are accepted via the following timing.
communication reservation can be made by setting the IICC0.STTO bit to 1 before a stop condition is detected.

Figure 18-13. Timing for Accepting Communication Reservations

After the I[ICS0.STDO bit is set to 1, a

SCLO

SDAO

_/

oo\

SPDO

STDO \

~
~

~
~

Standby mode

~
=
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The communication reservation flowchart is illustrated below.

Figure 18-14. Communication Reservation Flowchart

DI
|
STTO=1 ; Sets STTO flag (communication reservation).
|
Define communication ; Defines that communication reservation is in effect
reservation (defines and sets user flag to any part of RAM).
|
Wait ; Gets wait period set by software (refer to Table 18-6).

Note

(Communication reservation) . . o .
; Confirmation of communication reservation

Yes

No
(Generate start condition)

Cancel communication
reservation

|
ICO ~ xxH

El

Note The communication reservation operation executes a write to the 11CO register when a stop condition

; Clear user flag.

; IICO write operation

interrupt request occurs.
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18.13.2 When communication reservation function is disabled (IICFO.IICRSVO bit = 1)

When the IICCO.STTO bit is set when the bus is not used in a communication during bus communication, this
request is rejected and a start condition is not generated. The following two statuses are included in the status where
bus is not used.

« When arbitration results in neither master nor slave operation
« When an extension code is received and slave operation is disabled (ACK signal is not returned and the bus
was released when the [ICC0.LRELO bit was set to 1)

To confirm whether the start condition was generated or request was rejected, check the IICF0.STCFO flag. The
time shown in Table 18-7 is required until the STCFO flag is set after setting the STTO bit = 1. Therefore, secure the

time by software.

Table 18-7. Wait Periods

CLO1 CLOO Wait Period
0 0 6 clocks
0 1 6 clocks
1 0 3 clocks
1 1 9 clocks

Remark x: don't care
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18.14 Cautions

(1) When IICFO.STCENO bit = 0

@)

Immediately after I°CO operation is enabled, the bus communication status (IICFO.IICBSYO bit = 1) is
recognized regardless of the actual bus status. To execute master communication in the status where a stop
condition has not been detected, generate a stop condition and then release the bus before starting the master
communication.

Use the following sequence for generating a stop condition.

<1> Set the IICCLO register.
<2> Set the [ICCO.IICEO bit.
<3> Set the [ICCO0.SPTO bit.

When IICFO.STCENO bit =1

Immediately after 1’°CO operation is enabled, the bus released status (IICBSYO bit = 0) is recognized regardless
of the actual bus status. To issue the first start condition (IICCO.STTO bit = 1), it is necessary to confirm that
the bus has been released, so as to not disturb other communications.

18.15 Communication Operations

18.15.1 Master operation 1

The following shows the flowchart for master communication when the communication reservation function is
enabled (IICFO.IICRSVO bit = 0) and the master operation is started after a stop condition is detected (IICFO.STCENO
bit = 0).

542
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Figure 18-15. Master Operation Flowchart (1)

C START )

IICCLO ~ xxH
Select transfer clock

\
IICCO ~ xxH
IICEO = SPIEO = WTIMO = 1
SPTO=1

Yes (stop condition detection)

STT0=1

Wait time is secured by
software (refer to Table 18-6)

Wait

Communication reservation
P

MSTSO = 1?

Yes (start condition generation) No

Yes

Start 11ICO write transfer Stop condition detection,
start condition generation by

communication reservation

ACKDO = 1? 1

Generate stop condition
(no slave with matching address)

No (receive)

Address transfer

completion End
n
Yes (transmit)
Start 11CO write transfer
WTIMO =0
ACKEO=1
No ‘
Yes WRELO = 1
Start reception
Data processing
No
Yes
Data processing
No Transfer completed?
(restart) Transfer completed?
Generate stop condition
SPT0=1 ACKEO = 0
I
End
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18.15.2 Master operation 2
The following shows the flowchart for master communication when the communication reservation function is
disabled (IICRSVO bit = 1) and the master operation is started without detecting a stop condition (STCENO bit = 1).

Figure 18-16. Master Operation Flowchart (2)

START

IICCLO ~ xxH Transfer clock selection

IICFO « xxH IICFO register setting

IICCO « xxH . - .
IICEO = SPIEQ = WTIMO = 1 1ICCO register initial setting

IICBSY0 = 0? No

Wait time is secured by software
(refer to Table 18-7)

STCFO = 0? No
Yes

Start 11CO write transfer Stop master communication

Insert wait

Master communication is
stopped because bus is occupied

Generate stop condition

N .
o (receive) (no slave with matching address)

| WTIMO = 0 |
ACKEO =1
CKEO End
Start 11CO write transfer

Start reception

=

| Data processing | Yes

| WRELO = 1 |

| Data processing |

Reception completed?

Yes

ACKEO =0 |

No
(restart)

SPTO=1
Generate stop condition

End
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18.15.3 Slave operation

The following shows the processing procedure of the slave operation.

Basically, the operation of the slave device is event-driven. Therefore, processing by an INTIICO interrupt
(processing requiring a significant change of the operation status, such as stop condition detection during
communication) is necessary.

The following description assumes that data communication does not support extension codes. Also, it is assumed
that the INTIICO interrupt servicing performs only status change processing and that the actual data communication is
performed during the main processing.

Figure 18-17. Software Outline During Slave Operation

INTIICO Flag
Interrupt servicing
Setting, etc.
12c Main processing
Data
Setting, etc.

Therefore, the following three flags are prepared so that the data transfer processing can be performed by
transmitting these flags to the main processing instead of the INTIICO signal.

(1) Communication mode flag
This flag indicates the following communication statuses.
Clear mode: Data communication not in progress
Communication mode: Data communication in progress (valid address detection stop condition detection,
ACK signal from master not detected, address mismatch)

(2) Ready flag
This flag indicates that data communication is enabled. This is the same status as an INTIICO interrupt during
normal data transfer. This flag is set in the interrupt processing block and cleared in the main processing
block. The ready flag for the first data for transmission is not set in the interrupt processing block, so the first
data is transmitted without clearance processing (the address match is regarded as a request for the next
data).

(3) Communication direction flag
This flag indicates the direction of communication and is the same as the value of the IICS0.TRCO bit.

The following shows the operation of the main processing block during slave operation.

Start I’CO and wait for the communication enabled status. When communication is enabled, perform transfer using
the communication mode flag and ready flag (the processing of the stop condition and start condition is performed by
interrupts, conditions are confirmed by flags).

For transmission, repeat the transmission operation until the master device stops returning ACK signal. When the
master device stops returning ACK signal, transfer is complete.
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For reception, receive the required number of data and do not return ACK signal for the next data immediately after
transfer is complete. After that, the master device generates the stop condition or restart condition. This causes exit
from communications.

Figure 18-18. Slave Operation Flowchart (1)

(s )

IICCLO — XXH Selection of transfer flag
IICFO = XXH

IICCO ~ XXH
IICEO=1

!
o]
Communication mode?

Yes

= No _ _
Communication ACKEO =WTIMO =1
direction flag = 12

T
Yes

No
Communication mode?

Yes

Yes

IICFO register setting

Data processing

IICO —~ data
Read data

I
o]
Communication mode?
Yes ‘
No
Clear ready flag
Yes ‘

Data processing

Transfer completed?

Clear ready flag

Yes
hoeo 9
Clear communication mode flag -
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The following shows an example of the processing of the slave device by an INTIICO interrupt (it is assumed that

no extension codes are used here). During an INTICO interrupt, the status is confirmed and the following steps are
executed.

<1> When a stop condition is detected, communication is terminated.

<2> When a start condition is detected, the address is confirmed. If the address does not match, communication
is terminated. If the address matches, the communication mode is set and wait is released, and operation
returns from the interrupt (the ready flag is cleared).

<3> For data transmission/reception, when the ready flag is set, operation returns from the interrupt while the 1°C0
bus remains in the wait status.

Remark <1>to <3> in the above correspond to <1>to <3> in Figure 18-19 Slave Operation Flowchart (2).

Figure 18-19. Slave Operation Flowchart (2)

( INTIICO generated )

<1>
<2>
e
Yes
Set ready flag
Communication direction flag
~ TRCO
Set communication mode flag
( Interrupt servicing completed ) Clear ready flag

( Interrupt servicing completed )

Termination processing

\
LRELO=1
\

Clear communication mode

( Interrupt servicing completed )
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18.16 Timing of Data Communication

When using I°’C bus mode, the master device outputs an address via the serial bus to select one of several slave
devices as its communication partner.

After outputting the slave address, the master device transmits the 1ICS0.TRCO bit that specifies the data transfer
direction and then starts serial communication with the slave device.

The 1ICO register’s shift operation is synchronized with the falling edge of the serial clock (SCLO pin). The transmit
data is transferred to the SO latch and is output (MSB first) via the SDAO pin.

Data input via the SDAO pin is captured by the 1ICO register at the rising edge of the SCLO pin.

The data communication timing is shown below.
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Figure 18-20. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(a) Start condition ~ address

Processing by master device|

lIco | ICO — address IICO — data

ACKDO \ \

stoo | :

SPDO %—\
WTIMO  H ) /I
ACKEO  H / /
MsTsO |

STTO

-1 /
3 /
e % ]

TRCO H Transmit
SCLO 1 2 3 4 5 6 7 8 9
SDAO AD6 XAD5 XAD4 XAD3 XAD2XAD1XADO\ W \ ACK

Start condition

Processing by slave device

11Co
) |
ACKDO | |
|
stoo0 | |
SPDO
[ ]
WTIMO  H / /
ACKEO H
MSTSO _ L
STT0 L /
SPTO L (
WRELO \ [ ]| Note

INTIICO \|_~I

(When EXCO = 1)

TRCO L Receive

Note To cancel slave wait, write FFH to [ICO or set WRELDO.
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Figure 18-20. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(b) Data
Processing by master device
lico | IICO — data | IICO ~ data
1 \\

ACKDO

STDO L

SPDO L
WTIMO H
ACKEO  H )
MSTSO H

STTO L

SPTO L / /
WRELO L / /
INTIICO :I f l /|

TRCO H i

Transfer lines

SCLO

SDAO DO

Processing by slave device |

lco /IC0 - FFH Note /IiCO - FEH Note
ACKDO Alﬂ
SO _L
SPDO L /

WTIMO  H /

ACKEO H

MSTSO L

STT0 L /
SPTO L / \

WRELO / [ ]Note \ [ INote

TRCO L Receive

Note To cancel slave wait, write FFH to 1ICO or set WRELDO.
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CHAPTER 18 I’C BUS

Figure 18-20. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(c) Stop condition

Processing by master device |

IICo } 1ICO — data } 1ICO — address
ACkDO | [
STDO r
SPDO 1
WTIMO H
ACKEO H

MSTSO

L
STTO
SPTO £ W
_—— R

P

TRCO H Transmit

Transfer lines

SCLO
SDAO | { /AD6 X AD5
Stop Start
- - condition condition
Processing by slave device |
IICo | 1ICO — FFH Note | ICO — FFH Note
I I

ACKDO

STDO

/ 1

WTIMO  H /
ACKEO  H
MSTSO |
STT0 L (
SPTO L \
WRELO [ |Note \ [ Note

INTIICO \!—] []

(When SPIEO = 1)

TRCO L Receive

Note To cancel slave wait, write FFH to [ICO or set WRELDO.

User's Manual U16891EJ1VOUD 551



CHAPTER 18 I’C BUS

Figure 18-21. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(a) Start condition ~ address

Processing by master device

11CO } 11ICO — address | IICO — FFH Note

ACKDO

sToo | |

sp0 |
WTIMO ~ H /I
ACKEO  H /
MSTSO |

STTO

SPTO L
WRELO
INTIICO

TRCO

SCLO

SDAO
Start condition

Processing by slave device |

ico
ACKDO
stoo |
spp0 |
WTIMO  H
ACKEO ~ H
MSTSO L
STT0 L /
SPTO L
WRELO L \
INTIICO \I_l

TRCO \‘l

Note To cancel master wait, write FFH to 11CO or set WRELO.
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CHAPTER 18 I’C BUS

Figure 18-21. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(b) Data

Processing by master device|

1o |JICO - FFH Note | 1ICO — FFH Note
ACKDO _|—|\

STDO L

SPDO L
WTIMO ~ H / /
ACKEO  H / /
MSTSO  H

STT0 L

sPTo0 L /
WRELO / [ ]Note
INTICO ~ 1 ( A1

Transfer lines

SCLO 8

\

SDAO DO \ACK
Processing by slave device |
1ICO IICO — data 1ICO — data
I I
ACKDO | I—
STDO L

oo o/ |

WTIMO  H / /

ACKEO H

MSTSO L

aw 1/ |

SPTO
WRELO L k /
INTICO \‘I_l k~|_|
TRCO H Transmit

Note To cancel master wait, write FFH to 1ICO or set WRELDO.
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CHAPTER 18 I’C BUS

Figure 18-21. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(c) Stop condition

Processing by master device|

ico | ICO - FFH Note [1ICO - address
Ackoo |
STDO [
SPDO [
WTIMO ~ H
Ackeo |
MSTSO : |
STTO I
0l
WRELO [ Note )\ \\
INTIICO \ =N / ) \ \
\ \ / / \ (When SPIEO = 1)
TRCO |

Transfer lines

SCLO

SDAO

/ AD6 X AD5

Stop Start
condition condition

Processing by slave device |

ico [ICO - data

ackpo ] )
STDO / r
SPDO / []

WTIMO  H /

ACKEO  H
MSTSO L
STT0 L /
SPTO L (
WRELO \ [

INTIICO \I_l [

(When SPIEO = 1)
TRCO |

Note To cancel master wait, write FFH to 1ICO or set WRELDO.
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CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING FUNCTION

19.1 Overview

The V850ES/KF1 is provided with a dedicated interrupt controller (INTC) for interrupt servicing and realize an
interrupt function that can service interrupt requests from a total of 33 to 37 sources.

An interrupt is an event that occurs independently of program execution, and an exception is an event whose
occurrence is dependent on program execution.

The V850ES/KF1 can process interrupt requests from the on-chip peripheral hardware and external sources.
Moreover, exception processing can be started by the TRAP instruction (software exception) or by generation of an
exception event (fetching of an illegal op code) (exception trap).

19.1.1 Features

Interrupt Source V850ES/KF1
Interrupt Non-maskable External 1 channel (NMI pin)
function interrupt Internal 2 channels (WDT1, WDT2)
Maskable interrupt External 7 channels (all edge detection interrupts)

Internal WDT1 1 channel

TMP™** | 3 channels

T™MO 4 channels

TMH 2 channels

T™M5 2 channels

WT 2 channels

BRG 1 channel

UART 6 channels

CSIo 2 channels

CSIA 1 channel

nche? | 1 channel

KR 1 channel
AD 1 channel
Total 27 channels
Exception Software exception 16 channels (TRAPOOH to TRAPOFH)
function 16 channels (TRAP10H to TRAP1FH)
Exception trap 2 channels (ILGOP/DBGO)

Notes 1. Onlyinthe ¢PD703211, 703211Y, 70F3211H, 70F3211HY
2. Only in products with an I°C bus (Y products)

Table 19-1 lists the interrupt/exception sources.
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INTERRUPT/EXCEPTION PROCESSING FUNCTION

Table 19-1. Interrupt Source List (1/2)

Type [ClassificationDefaultf Name Trigger Interrupt |Exception| Handler |Restored| Interrupt
Priority Source | Code Address PC Control
Register
Reset Interrupt - |RESET RESET pin input Pin 0000H [00000000H |Undefined -
Internal reset input from WDT1
WDT1, WDT2 WDT2
Non- Interrupt - [NMI NMI pin valid edge input Pin 0010H [OO000010H |nextPC -
maskable ~ |INTWDTL |WDTLoverflow (whennon-  [WDT1 [0020H |00000020H |Note 1 -
maskable interrupt selected)
— |INTWDT2 |WDT2 overflow (when non- WDT2 [0030H |00000020H ([Note 1 -
maskable interrupt selected)
Software |Exception —  |[TRAPON"*? | TRAP instruction —  |004nH"*? |00000040H |nextPC -
exception - [TRAP1n"™"? | TRAP instruction - |005nH"“"* |00000050H |nextPC -
Exception |Exception - |ILGOP/ lllegal op code/DBTRAP - 0060H [00000060H [nextPC -
trap DBGO instruction
Maskable |Interrupt 0 |INTWDTM1 |WDT1 overflow (when interval (WDT1 |0080H [00000080H |nextPC |WDTL1IC
timer selected)
1 |INTPO INTPO pin valid edge input Pin 0090H [0O000090H |nextPC |PICO
2 |INTP1 INTP1 pin valid edge input Pin OOAOH [OO0000AQOH |nextPC |PIC1
3 |INTP2 INTP2 pin valid edge input Pin 00BOH [00O0000BOH |nextPC |PIC2
4 |INTP3 INTP3 pin valid edge input Pin 00COH [000000COH |nextPC |PIC3
5 |INTP4 INTP4 pin valid edge input Pin OODOH [0O0000DOH |nextPC |PIC4
6 |INTP5 INTPS5 pin valid edge input Pin OOEOH [OO0000EOH |nextPC |PIC5S
7 |INTP6 INTP6 pin valid edge input Pin 00OFOH |000000FOH |[nextPC |PIC6
8 |INTTMO00 |TMO0O and CRO0O match TMOO [0100H |00000100H |nextPC |TMOIC0O0
9 |INTTMO001 |TMOO and CRO01 match TMOO  [0110H |00000110H |nextPC |TMOICO1
10 (INTTMO010 [TMO1 and CRO10 match TMO1 0120H |[00000120H |[nextPC |TMOIC10
11 |INTTMO11 |TMO1 and CRO11 match TMO1 0130H |00000130H |nextPC |TMOIC11
12 [INTTM50 |[TM50 and CR50 match TM50 0140H |00000140H |[nextPC |TMS5ICO
13 [INTTM51 |[TM51 and CR51 match TM51 0150H |00000150H |nextPC |TMS5IC1
14 |INTCSIO0 |[CSIOO transfer completion CSIO0 |0160H |00000160H [nextPC |CSIOICO
15 |[INTCSIO1 |[CSI01 transfer completion CSI01 |0170H |00000170H |nextPC |CSIOIC1
16 |[INTSREO |[UARTO reception error UARTO |0180H |00000180H |nextPC |[SREICO
occurrence
17 |INTSRO UARTO reception completion |UARTO |0190H [00000190H |nextPC |SRICO
18 |INTSTO UARTO transmission UARTO |01A0H |000001AH |[nextPC |STICO
completion
19 |[INTSRE1 |UARTL1 reception error UART1 |01BOH |[000001BOH |nextPC |SREIC1
occurrence
20 |INTSR1 UART1 reception completion |UART1 |01COH [000001COH |nextPC |SRIC1
21 [INTST1 UARTL1 transmission UART1 |01DOH |[000001DOH |nextPC |STIC1

completion

Notes 1. For restoration in the case of INTWDT1 and INTWDTZ2, refer to 19.10 Cautions.
2. n=0toFH
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Table 19-1. Interrupt Source List (2/2)

Type [ClassificationDefaultf Name Trigger Interrupt |Exception| Handler |Restored| Interrupt
Priority Source | Code Address PC Control
Register
Maskable |Interrupt 22 |INTTMHO |TMHO and CMP0OO/CMPO1 TMHO |01EOH |0O0001EOH |nextPC [TMHICO
match
23 [INTTMH1 |TMH1 and CMP10/CMP11 TMH1 [01FOH |000001FOH |nextPC |TMHIC1
match
24 |INTCSIAO |CSIAO transfer completion CSIA0 |0200H |00000200H |[nextPC |CSIAICO
25 |INTIICO™" " [I’CO transfer completion I’co 0210H |00000210H |nextPC [IICICO
26 |INTAD A/D conversion completion A/ID 0220H |00000220H |nextPC |ADIC
27 |INTKR Key return interrupt KR 0230H |00000230H |nextPC |KRIC
28 |INTWTI Watch timer interval WT 0240H [00000240H |nextPC |WTIIC
29 |INTWT Watch timer reference time WT 0250H |00000250H |nextPC |WTIC
30 |INTBRG 8-bit counter of prescaler 3 Prescaler 3 |0260H  [00000260H |nextPC |BRGIC
and PRSCM match
45 [INTTPOOV™*? | TMPO overflow TMPO  |03A0H [000003A0H [nextPC |TPOOVIC
46  [INTTPOCC0™*? | TPOCCRO capture/ TMPO [03BOH |000003BOH |nextPC [TPOCCICO
TMPO and TPOCCRO match
47  [INTTPOCCL™*? | TPOCCR1 capture/ TMPO  |03COH [000003COH |nextPC |TPOCCICL
TMPO and TPOCCRL1 match

Notes 1. Only in the £PD703208Y,

703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, 70F3211HY
2. Onlyin the 4PD703211, 703211Y, 70F3211H, 70F3211HY

Remarks 1. Default priority: The priority order when two or more maskable interrupt requests with the same
priority level are generated at the same time. The highest priority is 0.

Restored PC:

nextPC:
2. The execution address of the illegal op code when an illegal op code exception occurs is calculated
with (Restored PC — 4).

The priority of non-maskable interrupt request is as follows.
INTWDT2 > INTWDT1 > NMI

The value of the program counter (PC) saved to EIPC, FEPC, or DBPC when

interrupt/exception processing is started. The restored PC when a non-maskable or

maskable interrupt is acknowledged while either of the following instructions is being

executed does not become nextPC (when an interrupt is acknowledged during the

execution of an instruction, the execution of that instruction is stopped and is

resumed following completion of interrupt servicing).

¢ Load instructions (SLD.B, SLD.BU, SLD.H, SLD.HU, SLD.W)

« Divide instructions (DIV, DIVH, DIVU, DIVHU)

« PREPARE, DISPOSE instructions (only when an interrupt occurs before stack
pointer update)

The PC value at which processing is started following interrupt/exception processing.
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19.2 Non-Maskable Interrupts

Non-maskable interrupt request signals are acknowledged unconditionally, even when interrupts are disabled (DI
state). Non-maskable interrupts (NMI) are not subject to priority control and take precedence over all other interrupt
request signals.

The following three types of non-maskable interrupt request signals are available in the V850ES/KF1.

* NMI pin input (NMI)
« Non-maskable interrupt request signal (INTWDT1) due to overflow of watchdog timer 1
« Non-maskable interrupt request signal (INTWDT2) due to overflow of watchdog timer 2

There are four choices for the valid edge of an NMI pin, namely: rising edge, falling edge, both edges, and no edge
detection.

The non-maskable interrupt request signal (INTWDT1) due to overflow of watchdog timer 1 functions by setting the
WDTM1.WDTM14 and WDTM1.WDTM13 bits to 10.

The non-maskable interrupt request signal (INTWDT2) due to overflow of watchdog timer 2 functions by setting the
WDTM2.WDM21 and WDTM2.WDM20 bits to 01.

When two or more non-maskable interrupts occur simultaneously, they are processed in a sequence determined
by the following priority order (the interrupt request signals with low priority level are ignored).

INTWDT2 > INTWDT1 > NMI

If during NMI processing, an NMI, INTWDT1, or INTWDT2 request signal newly occurs, processing is performed as
follows.

(1) If an NMI request signal newly occurs during NMI processing
The new NMI request signal is held pending regardless of the value of the PSW.NP bit. The NMI request
signal held pending is acknowledged upon completion of processing of the NMI currently being executed
(following RETI instruction execution).

(2) If an INTWDT1 request sighal newly occurs during NMI processing
If the NP bit remains set (to 1) during NMI processing, the new INTWDT1 request signal is held pending. The
INTWDT1 request signal held pending is acknowledged upon completion of processing of the NMI currently
being executed (following RETI instruction execution).
If the NP bit is cleared (to 0) during NMI processing, a newly generated INTWDTL1 request signal is executed
(NMI processing is interrupted).

(3) If an INTWDT2 request signal newly occurs during NMI processing
A newly generated INTWDT?2 request signal is executed regardless of the value of the NP bit (NMI processing

is interrupted).

Caution For non-maskable interrupt servicing from non-maskable interrupt request signals (INTWDT1,
INTWDT?2), refer to 19.10 Cautions.
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CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING FUNCTION

Figure 19-1. Acknowledging Non-Maskable Interrupt Request Signals (1/2)

(a) If two or more NMI request signals are simultaneously generated

- NMI and INTWDT1 requests simultaneously generated

Main routine

INTWDT1
processing

System reset

NMI, INTWDT1 request —
(simultaneously generated)

- NMI and INTWDT2 requests simultaneously generated

Main routine

INTWDT2
processing

System reset

NMI, INTWDT2 request —
(simultaneously generated)

- INTWDT1 and INTWDT2 requests simultaneously generated

Main routine

INTWDT2
processing

System reset

INTWDT1, INTWDT2 request —
(simultaneously generated)

- NMI, INTWDTZ, and INTWDT2 requests simultaneously generated

Main routine

INTWDT2
processing

System reset

NMI, INTWDTZ, INTWDT2 requests —
(simultaneously generated)
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Figure 19-1. Acknowledging Non-Maskable Interrupt Request Signals (2/2)

(b) If anew non-maskable interrupt request signal is generated

during a non-maskable interrupt servicing

Non-maskable Non-maskable interrupt request newly generated during non-maskable interrupt servicing
interrupt curently
being senviced NMI INTWDT1 INTWDT2
NMI - Generation of NMI request during NMI processing - Generation of INTWDT1 request during NMI processing| - Generation of INTWDT2 request during NMI processing
(NP = 1 state prior to INTWDT1 request is maintained)
NMI processing INTWDT2
processing
NMI request — (Hold pending) o
—|(Hold pendin NMI request —
r:,(Held pending) NMI request — request ( p 9) d INTWDTZ —
INTWDT1
processing
( system reset )
- Generation of INTWDT1 request during NMI processing
(Set NP = 0 before INTWDT1 request)
INTWDT1
processing|
NMI request —
- Generation of INTWDT1 request during NMI processing
(Set NP = 0 after INTWDT1 request)
s N NMI
processing INTWDTL
processing|
NMI request —
INTWDT1 |- Generation of NMI request during INTWDT1 processing| - Generation of INTWDT1 request during INTWDT1 processing | - Generation of INTWDT2 request during INTWDT1 processing
INTWDT1 INTWDT1
processing processing INTWDT2
- i INTWDT1 —|(Invalid) processing|
INTWDT request — M request — (Invali) INTWDT1 request request
INTWDT1 —
oo
INTWDT2 |- Generation of NMI request during INTWDT2 processing | - Generation of INTWDT1 request during INTWDT2 processing | - Generation of INTWDT2 request during INTWDT2 processing

Main routine

INTWDT2
processing

NMI request —|(Invalid)

System reset

INTWDT2 request —

Main routine

INTWDT2
processing

INTWDTL —|(Invalid)
request

System reset

INTWDT2 request —

Main routine

INTWDT2
processing
(Invalid)

INTWDT2 —
request

System reset

INTWDT2 request —
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CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING FUNCTION

19.2.1 Operation
Upon generation of a non-maskable interrupt request signal, the CPU performs the following processing and

transfers control to a handler routine.
<1> Saves the restored PC to FEPC.
<2> Saves the current PSW to FEPSW.
<3> Writes the exception code (0010H, 0020H, 0030H) to the higher halfword (FECC) of ECR.
<4> Sets the PSW.NP and PSW.ID bits to 1 and clears the PSW.EP bit to 0.
<5> Loads the handler address (00000010H, 00000020H, 00000030H) of the non-maskable interrupt to the PC
and transfers control.

Figure 19-2 shows the servicing flow for non-maskable interrupts.

Figure 19-2. Non-Maskable Interrupt Servicing

- ( NMI input >
—— <Non—maskable interrupt request)

PSW. NP

INTC acknowledged

CPU processing

FEPC - Restored PC C Interrupt request held pending )
FEPSW -— PSW

ECR. FECC —=— Exception code
PSW.NP =1

PSW.EP =0

PSW. ID -1

PC -— Handler address

( Interrupt servicing >
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19.2.2 Restore
Execution is restored from non-maskable interrupt servicing by the RETI instruction.

(1) In case of NMI
Restore from NMI processing is done with the RETI instruction.

When the RETI instruction is executed, the CPU performs the following processing and transfers control to the
address of the restored PC.

(i) Loads the values of the restored PC and PSW from FEPC and FEPSW, respectively, because the

PSW.EP bit and the PSW.NP bit are 0 and 1, respectively.
(i) Transfers control back to the loaded address of the restored PC and PSW.

Figure 19-3 shows the processing flow of the RETI instruction.

Figure 19-3. RETI Instruction Processing

RET]I instruction )

5 0

: 1

; PSW.NP

e -0
PC ~—EIPC PC ~ FEPC
PSW ~EIPSW PSW  =— FEPSW

( Original processing restored )

LDSR instruction immediately before the RETI instruction.

Remark The solid line shows the CPU processing flow.

Caution When the EP bit and the NP bit are changed by the LDSR instruction during non-maskable
interrupt servicing, in order to restore the PC and PSW correctly during restoring by the RETI
instruction, it is necessary to clear the EP bit back to 0 and set the NP bit back to 1 using the

(2) In case of INTWDTL1, INTWDT2 signals

562

For non-maskable interrupt servicing by the non-maskable interrupt request signals (INTWDT1, INTWDT2),

refer to 19.10 Cautions.
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19.2.3 NP flag

The NP flag is a status flag that indicates that non-maskable interrupt servicing is in progress. This flag is set when
a non-maskable interrupt request has been acknowledged, and masks all non-maskable requests to prevent multiple
interrupts.

After reset: 00000020H

31 8 7 6 5 4 3 2 1 o0
PSW 0 [np[ep| D [sat/cy|ov]s |z |
NP NMI servicing status
0 No non-maskable interrupt servicing
1 Non-maskable interrupt serving in progress
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19.3 Maskable Interrupts

Maskable interrupt request signals can be masked by interrupt control registers. The V850ES/KF1 has 30 to 34
maskable interrupt sources (refer to 19.1.1 Features).

If two or more maskable interrupt request signals are generated at the same time, they are acknowledged
according to the default priority. In addition to the default priority, eight levels of interrupt priorities can be specified by
using the interrupt control registers, allowing programmable priority control.

When an interrupt request signal has been acknowledged, the interrupt disabled (DI) status is set and the
acknowledgment of other maskable interrupt request signals is disabled.

When the El instruction is executed in an interrupt servicing routine, the interrupt enabled (El) status is set, which
enables acknowledgment of interrupt request signals having a priority higher than that of the interrupt request signal
currently in progress. Note that only interrupt request signals with a higher priority have this capability; interrupt
request signals with the same priority level cannot be nested.

To use multiple interrupts, it is necessary to save EIPC and EIPSW to memory or a register before executing the El
instruction, and restore EIPC and EIPSW to the original values by executing the DI instruction before the RETI
instruction.

When the WDTM1.WDTM14 bit is cleared to 0, the watchdog timer 1 overflow interrupt functions as a maskable
interrupt INTWDTM1).

19.3.1 Operation
If a maskable interrupt request signal is generated, the CPU performs the following processing and transfers
control to a handler routine.

<1> Saves the restored PC to EIPC.

<2> Saves the current PSW to EIPSW.

<3> Writes an exception code to the lower halfword of ECR (EICC).

<4> Sets the PSW.ID bit to 1 and clears the PSW.EP bit to 0.

<5> Loads the corresponding handler address to the PC and transfers control.

The maskable interrupt request signal masked by INTC and the maskable interrupt request signal that occurs while
another interrupt is being serviced (when PSW.NP bit = 1 or ID bit = 1) are held pending internally. When the
interrupts are unmasked, or when the NP bit = 0 and the ID bit = 0 by using the RETI and LDSR instructions, a hew
maskable interrupt servicing is started in accordance with the priority of the pending maskable interrupt request signal.

Figure 19-4 shows the servicing flow for maskable interrupts.
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Figure 19-4. Maskable Interrupt Servicing

INTC acknowledged

CPU processing

-

INT input )

Interrupt mask

No

released?

Priority higher than No

that of interrupt currently
being serviced?

Priority higher than No

that of other interrupt

No

- ( Maskable interrupt request )

( Interrupt request pending )

1
PSW. NP
0
1
PSW. ID
0
EIPC —— Restored PC
EIPSW -— PSW
ECR. EICC —-— Exception code
PSW.EP =0
PSW. ID -— 1
ISPR.
corresponding-
bitNote - 1
PC ~— Handler address

( Interrupt servicing )

( Interrupt request pending )

Note For the ISPR register, refer to 19.3.6 In-service priority register (ISPR).
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19.3.2 Restore
Execution is restored from maskable interrupt servicing by the RETI instruction.
When the RETI instruction is executed, the CPU performs the following processing and transfers control to the

address of the restored PC.
(1) Loads the values of the restored PC and PSW from EIPC and EIPSW because the PSW.EP bit and the
PSW.NP bit are both 0.
(2) Transfers control to the loaded address of the restored PC and PSW.

Figure 19-5 shows the processing flow of the RETI instruction.

Figure 19-5. RETI Instruction Processing

C RETI instruction )

PC -— EIPC

:Dsivg - EIPSW PC - FEPC
) . PSW -— FEPSW

corresponding

-bitNote -— 0

C Original processing restored )

Note For the ISPR register, refer to 19.3.6 In-service priority register (ISPR).

Caution When the EP bit and the NP bit are changed by the LDSR instruction during maskable
interrupt servicing, in order to restore the PC and PSW correctly during restoring by the RETI
instruction, it is necessary to clear the EP bit back to 0 and the NP bit back to 0 using the
LDSR instruction immediately before the RETI instruction.

Remark The solid line shows the CPU processing flow.
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19.3.3 Priorities of maskable interrupts

INTC provides a multiple interrupt servicing in which an interrupt can be acknowledged while another interrupt is
being serviced. Multiple interrupts can be controlled by priority levels.

There are two types of priority level control: control based on the default priority levels, and control based on the
programmable priority levels specified by the interrupt priority level specification bit (xxICn.xxPRn bit). When two or
more interrupts having the same priority level specified by xxPRn are generated at the same time, interrupts are
serviced in order depending on the priority level allocated to each interrupt request (default priority level) beforehand.
For more information, refer to Table 19-1 Interrupt Source List. Programmable priority control divides interrupt
requests into eight levels by setting the priority level specification flag.

Note that when an interrupt request signal is acknowledged, the PSW.ID flag is automatically set (1). Therefore,
when multiple interrupts are to be used, clear (0) the ID flag beforehand (for example, by placing the El instruction into
the interrupt service program) to enable interrupts.

Remark xx: Identifying name of each peripheral unit (refer to Table 19-2 Interrupt Control Registers

(xxICn))
n: Peripheral unit number (refer to Table 19-2 Interrupt Control Registers (xxICn))
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Figure 19-6. Example of Interrupt Nesting (1/2)

( Main routine )

‘ Servicing of a Servicing of b
El El
Interrupt request a —
(level 3) LTé?/r;L:pzt)requeitE Interrupt request b is acknowledged

because the priority of b is higher than
that of a and interrupts are enabled.

Servicing of ¢

Interrupt request ¢ —= Interrupt request d
(level 3) (level 2) —
Although the priority of interrupt request

% d is higher than that of c, d is held pending
\ Servicing of d because interrupts are disabled.

Servicing of e
/l
Interrupt request € — Interrupt request f Interrupt request f is held pending even if

(level 2) . interrupts are enabled because its priority

level 3)
% is lower than that of e.
\ Servicing of f

Servicing of g

Interrupt request h

Interrupt request g —— (level 1) —=

(level 1) Interrupt request h is held pending even if

Servicing of h interrupts are enabled because its priority

\ is the same as that of g.

Caution The values of EIPC and EIPSW must be saved before executing multiple interrupts.

Remarks 1. ato u in the figure are the names of interrupt request signals shown for the sake of explanation.
2. The default priority in the figure indicates the relative priority between two interrupt request signals.
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Figure 19-6. Example of Interrupt Nesting (2/2)

( Main routine )

Interrupt request i —
(level 2)

Interrupt request | —
(level 2)

Interrupt request o —
(level 3)

Interrupt request s —
(level 1)

El

‘ Servicing of i
El Servicing of k
Interrupt request j —
(level 3) | Uis held dina b .
Interrupt request k= nterrupt request j is held pending because its
(level 1) priority is lower than that of i. k that occurs after j is
acknowledged because it has the higher priority.
Servicing of j
Servicing of |

Interrupt requests m and n are held pending
because servicing of | is performed in the interrupt
disabled status.

Interrupt request m
(level 3
Interrupt request n -

level 1)
- Pending interrupt requests are acknowledged after

Servicing of n servicing of interrupt request I.
At this time, interrupt requests n is acknowledged
first even though m has occurred first because the
priority of n is higher than that of m.
Servicing of m

Servicing of o
EI Servicing of p o
El Servicing of g N
Interrupt requestp__ El Servicing of r
Interrupt request g
(level 2™ . El
(level 1) Interrupt request r

(level )

If levels 3 to 0 are acknowledged

Servicing of s

Pending interrupt requests t and u are
acknowledged after processing of s.
nterrupt request {—w| oo .
level 2Note 1 Because the priorities of t and u are the same, u is
Interrupt request u—= acknowledged first because it has the higher
vl 2)Note 2 default priority, regardless of the order in which the
interrupt requests have been generated.

Servicing of u

Servicing of t

Notes 1. Lower default priority

2. Higher default priority
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Figure 19-7. Example of Servicing Simultaneously Generated Interrupt Request Signals

( Main routine )

El
Interrupt request a (level 2) l
Note 1
Interrupt request b (level 1)Nmez Servicing of interrupt JInterrupt requests b and ¢ are
Interrupt request c (level 1) request b acknowledged first according to their

priorities.
-Because the priorities of b and c are the
same, b is acknowledged first because it

Servicing of interrupt has the higher default priority.
request ¢

Servicing of interrupt
request a

Notes 1. Higher default priority
2. Lower default priority
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19.3.4 Interrupt control register (xxICn)

An interrupt control register is assigned to each maskable interrupt and sets the control conditions for each
maskable interrupt request. The interrupt control registers can be read or written in 8-bit or 1-bit units.

After reset, xxICn is set to 47H.

Caution Be sure to read the xxICn.xxIFn bit while interrupts are disabled (DI). If the xxIFn bit is read while
interrupts are enabled (El), an incorrect value may be read if there is a conflict between
acknowledgment of the interrupt and reading of the bit.

After reset: 47H R/W Address: FFFFF110H to FFFFF168H

<7> <6> 5 4 3 2 1 0
xxICn | xxIFn ‘ xXMKn ‘ 0 ‘ 0 ‘ 0 ‘ xxPRn2 ‘ xxPRn1l ‘ xXPRnO |
xxIFn Interrupt request flagh°t®
0 Interrupt request not generated
1 Interrupt request generated
XXMKn Interrupt mask flag
0 Enables interrupt servicing
1 Disables interrupt servicing (pending)
xXPRn2 | xxPRn1 | xxPRNO Interrupt priority specification bit
0 0 0 Specifies level 0 (highest)
0 0 1 Specifies level 1
0 1 0 Specifies level 2
0 1 1 Specifies level 3
1 0 0 Specifies level 4
1 0 1 Specifies level 5
1 1 0 Specifies level 6
1 1 1 Specifies level 7 (lowest)

Note Automatically reset by hardware when interrupt request is acknowledged.

Remark xx: Identifying name of each peripheral unit (refer to Table 19-2 Interrupt Control Registers
(xxICn))
n: Peripheral unit number (refer to Table 19-2 Interrupt Control Registers (xxICn).)

Following tables list the addresses and bits of the interrupt control registers.
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Table 19-2. Interrupt Control Registers (xxICn)

Address Register Bits
<7> <6> 5 4 3 2 1 0
FFFFF110H |WDT1IC [WDT1IF | WDTIMK 0 0 0 WDT1PR2 | WDT1PR1 | WDT1PRO
FFFFF112H | PICO PIFO PMKO 0 0 0 PPRO2 | PPRO1 PPROO
FFFFF114H | PIC1 PIF1 PMK1 0 0 0 PPR12 | PPR11 PPR10
FFFFF116H | PIC2 PIF2 PMK2 0 0 0 PPR22 | PPR21 PPR20
FFFFF118H |PIC3 PIF3 PMK3 0 0 0 PPR32  |PPR31 PPR30
FFFFF11AH | PIC4 PIF4 PMK4 0 0 0 PPR42 | PPR41 PPR40
FFFFF11CH | PIC5 PIF5 PMK5 0 0 0 PPR52 | PPR51 PPR50
FFFFF11EH |PIC6 PIF6 PMK6 0 0 0 PPR62 | PPR61 PPR60
FFFFF120H | TMOICOO0 | TMOIFOO | TMOMKOO 0 0 0 TMOPRO002 | TMOPRO001 | TMOPRO00
FFFFF122H | TMOICO1 | TMOIFO1 TMOMKO1 0 0 0 TMOPRO12| TMOPRO11| TMOPRO10
FFFFF124H | TMOIC10 [TMOIF10 | TMOMK10 0 0 0 TMOPR102| TMOPR101| TMOPR100
FFFFF126H | TMOIC11 | TMOIF11 TMOMK11 0 0 0 TMOPR112| TMOPR111| TMOPR110
FFFFF128H | TM5ICO TM5IFO TM5MKO 0 0 0 TM5PR02 | TM5PR0O1 | TM5PRO0
FFFFF12AH |TM5ICT [ TM5IF1 | TM5MKT 0 0 0 TM5PR12 | TM5PR11 | TM5PR10
FFFFF12CH |CSIOICO | CSIOIFO | CSIOMKO 0 0 0 CSIOPRO2 | CSIOPRO1 | CSIOPR0OO
FFFFF12EH |CSIOICT | CSIOIF1 | CSIOMK1 0 0 0 CSIOPR12 | CSIOPR11 | CSIOPR10
FFFFF130H |SREICO [SREIFO | SREMKO 0 0 0 SREPR02 | SREPRO1 | SREPR0OO
FFFFF132H | SRICO SRIFO SRMKO 0 0 0 SRPR02 SRPRO1 SRPRO00
FFFFF134H | STICO STIFO STMKO 0 0 0 STPRO02 STPRO1 STPROO
FFFFF136H |SREIC1 [SREIF1 | SREMK1 0 0 0 SREPR12 | SREPR11 | SREPR10
FFFFF138H | SRICA SRIF1 SRMK1 0 0 0 SRPR12 SRPR11 SRPR10
FFFFF13AH | STICA STIF1 STMKA1 0 0 0 STPR12 STPR11 STPR10
FFFFF13CH |TMHICO [TMHIFO | TMHMKO 0 0 0 TMHPRO02 | TMHPRO1 | TMHPROO
FFFFF13EH | TMHICA TMHIFA1 TMHMKA1 0 0 0 TMHPR12 | TMHPR11 | TMHPR10
FFFFF140H | CSIAICO CSIAIFO CSIAMKO 0 0 0 CSIAPRO2 | CSIAPRO1 | CSIAPROO
FFFFF142H | 1icico™ ' | IICIFO IICMKO 0 0 0 IICPRO2 |IICPRO1 | IICPROO
FFFFF144H | ADIC ADIF ADMK 0 0 0 ADPR2  |ADPR1 |ADPRO
FFFFF146H | KRIC KRIF KRMK 0 0 0 KRPR2 KRPR1 KRPRO
FFFFF148H | WTIIC WTIIF WTIMK 0 0 0 WTIPR2 [WTIPR1 | WTIPRO
FFFFF14AH | WTIC WTIF WTMK 0 0 0 WTPR2 WTPR1 WTPRO
FFFFF14CH |BRGIC BRGIF BRGMK 0 0 0 BRGPR2 |BRGPR1 BRGPRO
FFFFF174H | TPOOVIC'** [ TPOOVIF | TPOOVMK 0 0 0 TPOOVPR2 | TPOOVPR1 | TPOOVPRO
FFFFF176H | TPOCCICO"** [ TPOCCIFO | TPOCCMKO 0 0 0 TPOCCPRO2 | TPOCCPRO1 | TPOCCPROO
FFFFF178H | TPOCCIC1™*** | TOOCCIF1 | TPOCCMK1 0 0 0 TPOCCPR12 | TPOCCPR11 | TPOCCPR10
Notes 1. Only in the 4PD703208Y, 703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, 70F3211HY
2. Onlyin the xPD703211, 703211Y, 70F3211H, 70F3211HY
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19.3.5 Interrupt mask registers 0, 1, 3 (IMRO, IMR1, IMR3)

These registers set the interrupt mask status for maskable interrupts. The xxMKn bit of the IMRO, IMR1, and IMR3
registers and the xxMKn bit of the xxICn register are respectively linked.

The IMRm register can be read or written in 16-bit units (m =0, 1, 3).

When the higher 8 bits of the IMRK register are treated as the IMRkH register and the lower 8 bits of the IMRk
register as the IMRKL register, they can be read or written in 8-bit or 1-bit units (k = 0, 1).

Caution In the device file, the xxMKn bit of the xxICn register is defined as a reserved word. Therefore, if
bit manipulation is performed using the name xxMKn, the xxICn register, not the IMRm register,
is rewritten (as a result, the IMRm register is also rewritten).

After reset: FFFFH R/W Address: IMRO FFFFF100H,
IMROL FFFFF100H, IMROH FFFFF101H

15 14 13 12 11 10 9 8

IMRO (IMROH"te 1y |CSIOMK1 ‘ CSIOMKO‘ TM5MK1 ‘ TM5MKO ‘TMOMKll‘TMOMKlO‘TMOMKOl‘TMOMKOOl

7 6 5 4 3 2 1 0

(IMROL)l PMK6 ‘ PMK5 ‘ PMK4 ‘ PMK3 ‘ PMK2 ‘ PMK1 ‘ PMKO ‘WDTlMKl

After reset: FFFFH R/W Address: IMR1 FFFFF102H,
IMR1L FFFFF102H, IMR1H FFFFF103H

15 14 13 12 11 10 9 8

IMR1 (IMRlHNmel)l 1 ‘BRGMK‘ WTMK ‘ WTIMK ‘ KRMK ‘ ADMK ‘ IICMKO ‘CSIAMKO'
7 6 5 4 3 2 1 0

(IMR1L) |TMHMK1‘TMHMKO‘ STMK1 ‘ SRMK1 ‘SREMKl‘ STMKO ‘ SRMKO ‘SREMKO'

After reset: FFFFH R/W Address: IMR3, IMR3L FFFFF106H

15 14 13 12 11 10 9 8
IMR3"¢? | 1 \ 1 \ 1 \ 1 \ 1 \ 1 \ 1 \ 1 |
7 6 5 4 3 2 1 0
(IMR3L) | 1 ‘ 1 ‘ 1 ‘TPOCCMKl‘TPOCCMKO‘TPOOVMK‘ 1 ‘ 1 |
xXMKn Interrupt mask flag setting
0 Enables interrupt servicing
1 Disables interrupt servicing

Notes 1. When reading from or writing to bits 8 to 15 of the IMRO and IMR1 registers in 8-bit or
1-bit units, specify these bits as bits 0 to 7 of the IMROH and IMR1H registers.
2. Only in the 4PD703211, 703211Y, 70F3211H, 70F3211HY

Caution Set bit 15 of the IMR1 register and bits 15 to 5, 1, and 0 of the IMR3 register to 1.
The operation is not guaranteed if their value is changed.

Remark xx: Identifying name of each peripheral unit (refer to Table 19-2 Interrupt Control
Registers (xxICn))
n: Peripheral unit number (refer to Table 19-2 Interrupt Control Registers (xxICn))
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19.3.6 In-service priority register (ISPR)

This register holds the priority level of the maskable interrupt currently being acknowledged. When the interrupt
request signal is acknowledged, the bit of this register corresponding to the priority level of that interrupt request signal
is set (1) and remains set while the interrupt is being serviced.

When the RETI instruction is executed, the bit among those that are set (1) in the ISPR register that corresponds to
the interrupt request signal having the highest priority is automatically cleared (0) by hardware. However, it is not
cleared (0) when execution is returned from non-maskable interrupt servicing or exception processing.

This register is read-only in 8-bit or 1-bit units.

After reset, ISPR is cleared to O0H.

Caution If an interrupt is acknowledged while the ISPR register is being read in the interrupt enabled (El)
status, the value of the ISPR register after the bits of the register have been set to 1 by
acknowledging the interrupt may be read. To accurately read the value of the ISPR register
before an interrupt is acknowledged, read the register while interrupts are disabled (DI status).

After reset: 00H R Address: FFFFF1FAH

<7> <6> <5> <4> <3> <2> <1> <0>

ISPR | ISPR7 | ISPR6 | ISPRS | ISPR4 | ISPR3 | ISPR2 | ISPR1 | ISPRO |

ISPRn Priority of interrupt currently being acknowledged
0 Interrupt request with priority n is not acknowledged
1 Interrupt request with priority n is being acknowledged

Remark n=0to 7 (priority level)
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19.3.7 ID flag

The interrupt disable flag (ID) is allocated to the PSW and controls the maskable interrupt’'s operating state, and
stores control information regarding enabling/disabling reception of interrupt request signals.
After reset, this flag is set to 00000020H.

After reset: 00000020H

PSW

31 8 7 6 5 4 3 2 1 0
0 Ineep| D [sat|cyov] s | z |
ID Maskable interrupt servicing specification™°*
0 Maskable interrupt request signal acknowledgment enabled
1 Maskable interrupt request signal acknowledgment disabled
Note Interrupt disable flag (ID) function

ID is set (1) by the DI instruction and cleared (0) by the El instruction. Its value is also
modified by the RETI instruction or LDSR instruction when referencing the PSW.
Non-maskable interrupt request signals and exceptions are acknowledged regardless of
this flag. When a maskable interrupt request signal is acknowledged, the ID flag is
automatically set (1) by hardware.

An interrupt request signal generated during the acknowledgment disabled period (ID flag
= 1) can be acknowledged when the xxICn.xxIFn bit is set (1), and the ID flag is cleared

(0).
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19.3.8 Watchdog timer mode register 1 (WDTM1)

This register is a special register that can be written to only in a special sequence. To generate a maskable
interrupt (INTWDT1), clear the WDTM14 bit to O.

This register can be read or written in 8-bit or 1-bit units (for details, refer to CHAPTER 12 WATCHDOG TIMER
FUNCTIONS).

After reset: 00H R/W Address: FFFFF6C2H

<7> 6 5 4 3 2 1 0
WDTM1 | RUN1 ‘ 0 ‘ 0 ‘WDTM14 ‘ WDTMlS‘ 0 ‘ 0 ‘ 0 |
RUN1 Watchdog timer operation mode selection™°te®
0 Stop count operation
1 Clear counter and start count operation

WDTM14| WDTM13 Watchdog timer operation mode selection°t 2

0 0 Interval timer mode
0 1 (Generate maskable interrupt INTWDTM1 when overflow occurs)
1 0 Watchdog timer mode 1N°te3

(Generate non-maskable interrupt INTWDT1 when overflow occurs)
1 1 Watchdog timer mode 2

(Start WDTRES?2 reset operation when overflow occurs)

Notes 1. Once the RUNL1 bit has been set (1), it cannot be cleared (0) by software.
Therefore, once counting starts, it cannot be stopped except reset.
2. Once the WDTM14 and WDTM13 bits have been set (1), they cannot be cleared (0)
by software. Reset is the only way to clear these bits.
3. For non-maskable interrupt servicing due to a non-maskable interrupt request signal
(INTWDT1), refer to 19.10 Cautions.
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19.4 External Interrupt Request Input Pins (NMI, INTPO to INTP6)
19.4.1 Noise elimination

(1) Noise elimination for NMI pin
The NMI pin includes a noise eliminator that operates using analog delay. Therefore, a signal input to the NMI
pin is not detected as an edge unless it maintains its input level for a certain period. The edge is detected only
after a certain period has elapsed.
The NMI pin is used for releasing the STOP mode. In the STOP mode, noise elimination using the system
clock is not performed because the internal system clock is stopped.

(2) Noise elimination for INTPO to INTP6 pins
The INTPO to INTP6 pins include a noise eliminator that operates using analog delay. Therefore, a signal
input to each pin is not detected as an edge unless it maintains its input level for a certain period. The edge is
detected only after a certain period has elapsed.

19.4.2 Edge detection
The valid edges of the NMI and INTPO to INTP6 pins can be selected from the following four types for each pin.

 Falling edge
 Rising edge
« Both edges
« No edge detection

After reset, the edge detection for the NMI pin is set to “no edge detection”. Therefore, interrupt requests cannot
be acknowledged (the NMI pin functions as a normal port) unless a valid edge is specified by the INTRO, INTFO,
INTR9H, and INTF9H registers.

When using the PO2/NMI pin as an output port, set the NMI pin valid edge to “no edge detection”.
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(1) External interrupt rising and falling edge specification registers 0 (INTRO, INTFO)
These are 8-bit registers that specify detection of the rising and falling edges of the NMI and INTPO to INTP3
pins.
These registers can be read or written in 8-bit or 1-bit units.
After reset, these registers are cleared to O0H.

Caution When switching to the port function from the external interrupt function (alternate function),
edge detection may be performed. Therefore, set the port mode after setting the INTFOn and
INTRON bits = 00.

After reset: 00H R/W Address: INTRO FFFFFC20H, INTFO FFFFFCOOH

7 6 5 4 3 2 1 0
INTRO | 0 ‘ INTRO6 ‘ INTRO5 ‘ INTRO4 ‘ INTRO3 ‘ INTRO2 ‘ 0 ‘
L | L | L | L | L |

o

INTP3 INTP2 INTP1 INTPO NMI

7 6 5 4 3 2 1 0
INTFo | 0 | INTFO6 | INTFO5 | INTFO4 | INTFO3 | INTFO2 | 0 |
[ | [ | [ | [ | [ |

o

INTP3 INTP2 INTP1 INTPO NMI

Remark For specification of the valid edge, refer to Table 19-3.

Table 19-3. NMI and INTPO to INTP3 Pins Valid Edge Specification

INTFONn INTRON Valid edge specification (n = 2 to 6)
0 0 No edge detection
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

Remark n=2: Control of NMI pin
n = 3 to 6: Control of INTPO to INTP3 pins
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(2) External interrupt rising and falling edge specification registers 9H (INTR9H, INTF9H)
These are 8-bit registers that specify detection of the rising edge of the INTP4 to INTP6 pins.

These registers can be read or written in 8-bit or 1-bit units.

After reset, these registers are cleared to O0H.

Caution When switching to the port function from the external interrupt function (alternate function),

edge detection may be performed. Therefore, set the port mode after setting the INTF9n and
INTR9N bits = 00.

After reset: 00H RMW  Address: INTROH FFFFEC33H, INTFOH FEFEFC13H
7 6 5 4 3 2 1
INTROH [ INTRO15| INTRO14|INTRO13] o0 | o | o | o |
L | L | L |
INTP6  INTP5  INTP4
7 6 5 4 3 2 1
INTFoH | INTFo15| INTFo14| INTFe13] o | o | o | o |
[ | [ | [ |
INTP6  INTP5  INTP4

Remark For specification of the valid edge, refer to Table 19-4.

Table 19-4. INTP4 to INTP6 Pins Valid Edge Specification

INTF9Nn INTR9Nn Valid edge specification (n = 13 to 15)
0 0 No edge detection
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

Remark n=13to 15: Control of INTP4 to INTP6 pins
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19.5 Software Exceptions

A software exception is generated when the CPU executes the TRAP instruction. Software exceptions can always
be acknowledged.

19.5.1 Operation
If a software exception occurs, the CPU performs the following processing and transfers control to a handler
routine.

<1> Saves the restored PC to EIPC.

<2> Saves the current PSW to EIPSW.

<3> Writes an exception code to the lower 16 bits (EICC) of ECR (interrupt source).

<4> Sets the PSW.EP and PSW.ID bits to 1.

<5> Loads the handler address (00000040H or 00000050H) for the software exception routine to the PC and
transfers control.

Figure 19-8 shows the software exception processing flow.

Figure 19-8. Software Exception Processing

—_ ( TRAP instruction°t )

EIPC -— Restored PC
EIPSW -— PSW
ECR.EICC =— Exception code

CPU processing PSW.EP =—1
PSW.ID -1
PC -— Handler address

( Exception processing )

Note TRAP instruction format: TRAP vector (However, vector = 00H to 1FH)

The handler address is determined by the operand (vector) of the TRAP instruction. If the vector is 00H to 1FH,
the handler address is 00000040H, and if the vector is 10H to 1FH, the handler address is 00000050H.
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19.5.2 Restore

Execution is restored from software exception processing by the RETI instruction.

When the RETI instruction is executed, the CPU performs the following processing and transfers control to the

address of the restored PC.

<1> Loads the restored PC and PSW from EIPC and EIPSW because the PSW.EP bit is 1.

<2> Transfers control to the address of the restored PC and PSW.

Figure 19-9 shows the processing flow of the RETI instruction.

Figure 19-9. RETI Instruction Processing

( RETI instruction )

0
PC -—EIPC PC -— FEPC
PSW ~—EIPSW PSW -— FEPSW

( Original processing restored )

immediately before the RETI instruction.

Remark The solid line shows the CPU processing flow.

Caution When the EP bit and the NP bit are changed by the LDSR instruction during software
exception processing, in order to restore the PC and PSW correctly during restoring by the
RETI instruction, it is necessary to set the PSW.EP bit back to 1 using the LDSR instruction
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19.5.3 EP flag
The EP flag, which is bit 6 of the PSW, is a status flag that indicates that exception processing is in progress. It is
set when an exception occurs.

After reset: 00000020H

31 8 7 6 5 4 3 2 1 0
PSW 0 Inp|Ep| D [satcy|ov] s | z |
EP Exception processing status
0 Exception processing not in progress
Exception processing in progress
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19.6 Exception Trap

The exception trap is an interrupt that is requested when the illegal execution of an instruction takes place. In the
V850ES/KF1, an illegal op code trap (ILGOP: illegal OP code trap) is considered as an exception trap.

19.6.1 lllegal op code

An illegal op code is defined as an instruction with instruction op code (bits 10 to 5) = 111111B, sub-op code (bits
26 to 23) = 0111B to 1111B, and sub-op code (bit 16) = 0B. When such an instruction is executed, an exception trap
is generated.

15 1110 5 4 031 2726 2322 16
rrr -t rrrr ¢ trrrtr 7 T 1T T 1 T T T 7 T 1T T T/
0111
XXXXX[111111/XXXXX[XXXXX § X X X X X X|0
1111
X: don't care

Caution It is recommended not to use illegal op code because instructions may newly be assigned in the
future.

(1) Operation
Upon generation of an exception trap, the CPU performs the following processing and transfers control to a
handler routine.

<1> Saves the restored PC to DBPC.

<2> Saves the current PSW to DBPSW.

<3> Sets the PSW.NP, PSW.EP, and PSW.ID bits.

<4> Loads the handler address (00000060H) for the exception trap routine to the PC and transfers control.

Figure 19-10 shows the exception trap processing flow.

Figure 19-10. Exception Trap Processing

— ( Exception trap (ILGOP) occurs )

DBPC -— Restored PC
DBPSW -=—PSW
PSW.NP «—1

CPU processing PSW.EP -1

PSW.ID =1

PC ~— 00000060H

( Exception processing )
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(2) Restore
Execution is restored from exception trap processing by the DBRET instruction. When the DBRET instruction
is executed, the CPU performs the following processing and transfers control to the address of the restored
PC.

<1> Loads the restored PC and PSW from DBPC and DBPSW.
<2> Transfers control to the loaded address of the restored PC and PSW.

Figure 19-11 shows the processing flow for restore from exception trap processing.

Figure 19-11. Processing Flow for Restore from Exception Trap

( DBRET instruction )

PC -— DBPC
PSW -<—  DBPSW

( Jump to restored PC address )
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19.6.2 Debug trap

A debug trap is an exception that occurs upon execution of the DBTRAP instruction and that can be acknowledged
at all times.

When a debug trap occurs, the CPU performs the following processing.

(1) Operation
<1> Saves the restored PC to DBPC.
<2> Saves the current PSW to DBPSW.
<3> Sets the PSW.NP, PSW.EP, and PSW.ID bits to 1.
<4> Sets the handler address (00000060H) for the debug trap routine to the PC and transfers control.

Figure 19-12 shows the debug trap processing flow.

Figure 19-12. Debug Trap Processing

- ( DBTRAP instruction )

DBPC  =— Restored PC
DBPSW =— PSW
PSW.NP = 1

CPU processing PSWEP =1
PSW.ID <« 1
PC ~— 00000060H

CDebug monitor routine processing)
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(2) Restore

Execution is restored from debug trap processing by the DBRET instruction. When the DBRET instruction is
executed, the CPU performs the following processing and transfers control to the address of the restored PC.

<1> Loads the restored PC and PSW from DBPC and DBPSW.
<2> Transfers control to the loaded address of the restored PC and PSW.

Figure 19-13 shows the processing flow for restore from debug trap processing.

Figure 19-13. Processing Flow for Restore from Debug Trap

( DBRET instruction )

DBPC
DBPSW

PC
PSW

( Jump to restored PC address )

-
-
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19.7 Multiple Interrupt Servicing Control

Multiple interrupt servicing control is a function that stops an interrupt service routine currently in progress if a
higher priority interrupt request signal is generated, and processes the acknowledgment operation of the higher
priority interrupt request signal.

If an interrupt request signal with a lower or equal priority is generated and a service routine is currently in progress,
the later interrupt request signal will be held pending.

Multiple interrupt servicing control is performed when interrupts are enabled (PSW.ID bit = 0). Even in an interrupt
servicing routine, multiple interrupt control must be performed while interrupts are enabled (ID bit = 0). If a maskable
interrupt or software exception is generated in a maskable interrupt or software exception service program, EIPC and
EIPSW must be saved.

The following example illustrates the procedure.

(1) To acknowledge maskable interrupt request signals in service program

Service program for maskable interrupt or exception

» EIPC saved to memory or register
» EIPSW saved to memory or register
» Elinstruction (enables interrupt acknowledgment)

—Acknowledges maskable interrupt

» Dl instruction (disables interrupt acknowledgment)
» Saved value restored to EIPSW

» Saved value restored to EIPC

» RETI instruction
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(2) To generate exception in service program

588

Service program for maskable interrupt or exception

« EIPC saved to memory or register

EIPSW saved to memory or register

TRAP instruction ~Acknowledges exceptions such as TRAP instruction.

¢ Saved value restored to EIPSW
¢ Saved value restored to EIPC
¢ RETI instruction

Priorities 0 to 7 (O is the highest) can be set for each maskable interrupt request in multiple interrupt servicing
control by software. To set a priority level, write values to the xxICn.xxPRn0O to xxICn.xxPRn2 bits
corresponding to each maskable interrupt request. After reset, interrupt requests are masked by the
xxICn.xxMKn bit, and the priority is set to level 7 by the xxPRn0 to xxPRn2 bits.

Priorities of maskable interrupts are as follows.

(High) Level 0 > Level 1 > Level 2 > Level 3 > Level 4 > Level 5 > Level 6 > Level 7 (Low)
Interrupt servicing that has been suspended as a result of multiple interrupt servicing control is resumed after
the interrupt servicing of the higher priority has been completed and the RETI instruction has been executed.
A pending interrupt request signal is acknowledged after the current interrupt servicing has been completed

and the RETI instruction has been executed.

Caution In a non-maskable interrupt servicing routine (in the time until the RETI instruction is
executed), maskable interrupts are not acknowledged and held pending.
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CHAPTER 19 INTERRUPT/EXCEPTION PROCESSING FUNCTION

19.8 Interrupt Response Time

Except in the following cases, the CPU interrupt response time is a minimum of 4 clocks. If inputting consecutive
interrupt request signals, at least 4 clocks must be placed between each interrupt request signal.

IDLE/STOP mode

« External bus access

« Consecutive interrupt request non-sample instruction (refer to 19.9 Periods in Which Interrupts Are Not
Acknowledged by CPU)

¢ Access to interrupt control register

« Access to peripheral I/O register

Figure 19-14. Pipeline Operation During Interrupt Request Signal Acknowledgment (Outline)

(1) Minimum interrupt response time
4 system clocks

Internal clock |||||||||||I|||||||

Interrupt request I |
|

Instruction 1 [ IF [ D [ Ex [MEM] wB
Instruction 2 IFX | IDX
Interrupt acknowledgment operation INT1|INT2 |NT3| INT4
Instruction (first instruction of interrupt servicing routine) IF | ID | EX

(2) Maximum interrupt response time
6 system clocks

Internal clock |||||||||||||||||||||

Interrupt request I I_

Instruction 1 | IF | 1D | EX [MEM|MEM[MEM] wB
Instruction 2 IFX | IDX .
Interrupt acknowledgment operation INT1 [ INT2[INT3[INT3]INT3|INT4
Instruction (first instruction of interrupt servicing routine) IF | ID | EX

Remark INT1 to INT4: Interrupt acknowledgment processing
IFX: Invalid instruction fetch
IDX: Invalid instruction decode

Interrupt response time (internal system clock) Condition

Internal interrupt | External interrupt

Min. 4 4 + analog delay | The following cases are excluded.

Max. 6 6 + analog delay | ¢ IDLE/STOP mode

* External bus access

» Consecutive interrupt request non-sample instruction
» Access to interrupt control register

 Access to peripheral I/O register
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19.9 Periods in Which Interrupts Are Not Acknowledged by CPU

Interrupts are acknowledged by the CPU while an instruction is being executed. However, no interrupt is
acknowledged between an interrupt request non-sample instruction and the next instruction (interrupts are held
pending).

The following instructions are interrupt request non-sample instructions.

¢ El instruction
Dl instruction
e LDSR reg2, 0x5 instructions (vs. PSW)
Store instruction for the PRCMD register

e Store instruction and the SET1, NOT1, and CLR1 instructions for the following registers
¢ Interrupt-related registers:
Interrupt control register (xxICn), interrupt mask registers 0, 1, 3 (IMRO, IMR1, IMR3)
e Power save control register (PSC)

19.10 Cautions

Design the system so that restoring by the RETI instruction is as follows after a non-maskable interrupt triggered by
a non-maskable interrupt request signal (INTWDT1/INTWDT?2) is serviced.

Figure 19-15. Restoring by RETI Instruction

Generation of INTWDT1/INTWDT2

FEPC - software reset processing address

FEPSW - value so that NP bit =1, EP bit = 1 INTWDTL/INTWDT2 servicing routine
1l

RETI

Ten RETI instructions (FEPC and FEPSW must be set)

y Software reset processing routine

PSW < initial set value of PSW
1

Initialization processing
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20.1 Function

CHAPTER 20 KEY INTERRUPT FUNCTION

A key interrupt request signal (INTKR) can be generated by inputting a falling edge to the eight key input pins (KRO
to KR7) by setting the KRM register.

Caution

If any of the KRO to KR7 pins is at low level, the INTKR signal is not generated even if a falling

edge is input to another pin.

Table 20-1. Assignment of Key Return Detection Pins

Flag Pin Description
KRMO Controls KRO signal in 1-bit units
KRM1 Controls KR1 signal in 1-bit units
KRM2 Controls KR2 signal in 1-bit units
KRM3 Controls KR3 signal in 1-bit units
KRM4 Controls KR4 signal in 1-bit units
KRM5 Controls KR5 signal in 1-bit units
KRM6 Controls KR6 signal in 1-bit units
KRM7 Controls KR7 signal in 1-bit units

Figure 20-1. Key Return Block Diagram

KR7

KR6

KR5

KR4

KR3

KR2

KR1

KRO

[KRM7|KRM8|KRMS|KRM4|KRM3|KRM2|KRM1|KRMO|

Key return mode register (KRM)

L

INTKR
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20.2 Register

(1) Key return mode register (KRM)
The KRM register controls the KRMO to KRM7 bits using the KRO to KR7 signals.
This register can be read or written in 8-bit or 1-bit units.
After reset, KRM is cleared to O0H.

After reset: 00H R/W Address: FFFFF300H

7 6 5 4 3 2 ! 0
KRM | KRM7 | KRM6 | KRM5 | KRM4 | KRM3 | KRM2 | KRM1 | KRMO |

KRMn Key return mode control
0 Does not detect key return signal
1 Detects key return signal

Caution If the KRM register is changed, an interrupt request signal (INTKR) may be
generated. To prevent this, change the KRM register after disabling interrupts
(DI), and then enable interrupts (El) after clearing the interrupt request flag
(KRIC.KRIF bit) to 0.

Remark For the alternate-function pin settings, refer to Table 4-14 Settings When Port Pins
Are Used for Alternate Functions.
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CHAPTER 21 STANDBY FUNCTION

21.1 Overview
The power consumption of the system can be effectively reduced by using the standby modes in combination and
selecting the appropriate mode for the application.

The available standby modes are listed in Table 21-1.

Table 21-1. Standby Modes

Mode Functional Outline
HALT mode Mode to stop only the operating clock of the CPU
IDLE mode Mode to stop all the operations of the internal circuits except the oscillator**
STOP mode Mode to stop all the operations of the internal circuits except the subclock oscillator®?
Subclock operation mode Mode to use the subclock as the internal system clock
Sub-IDLE mode Mode to stop all the operations of the internal circuits, except the oscillator, in the subclock
operation mode

Notes 1. The PLL does not stop. To realize low power consumption, stop the PLL and then shift to the IDLE mode.
2. Change to the clock-through mode, stop the PLL, then shift to the STOP mode. For details, refer to
CHAPTER 6 CLOCK GENERATION FUNCTION.
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CHAPTER 21 STANDBY FUNCTION

Figure 21-1. Status Transition (1/2)

Normal operation mode

| (operation with main clock) [~

End of oscillation End of oscillation

stabilization time count \ stabilization time count

Note 3
t

Setting of HALT mode Interrupt reques

End of oscillation

Wait for stabilization
of oscillation of oscillation

stabilization time count Wait for stabilization

Interrupt request°t® 2 Setting of IDLE mode

Setting of STOP mode

Reset"*¢* Wait for stabilization Reset"***

of oscillation

}

Interrupt
request'°e*

ResetNme 5

HALT mode IDLE mode

Notes 1.

STOP mode

Reset by RESET pin input, watchdog timer 1 overflow (WDTRESL1), or watchdog timer 2 overflow
(WDTRES2).

Non-maskable interrupt request signal (NMI, INTWDTZ1, INTWDT2) or unmasked maskable interrupt
request signal.

Non-maskable interrupt request signal (NMI pin input, INTWDT2 (when the CPU is operating on the
subclock)), unmasked external interrupt request signal (INTPO to INTP6 pin input), or unmasked
internal interrupt request signal from peripheral functions operable in IDLE mode.

Non-maskable interrupt request signal (NMI pin input, INTWDT2 (when the CPU is operating on the
subclock)), unmasked external interrupt request signal (INTPO to INTP6 pin input), or unmasked
internal interrupt request signal from peripheral functions operable in STOP mode.

Reset by RESET pin input or watchdog timer 2 (when the CPU is operating on the subclock)
overflow (WDTRES2).
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CHAPTER 21 STANDBY FUNCTION

Figure 21-1. Status Transition (2/2)

Normal operation mode

_— (operation with main clock) [~

End of oscillation
stabilization time count

Setting of subclock
operation mode

Wait for stabilization
of oscillation

Setting of normal
operation mode

ResetNDte 1

Note 2
t

End of oscillation
stabilization time count

Wait for stabilization
of oscillation

ResetNote 1

Interrupt reques

Subclock operation mode
(operation with subclock)

Sub-IDLE mode

Setting of IDLE mode

Notes 1. Reset by RESET pin input or watchdog timer 2 overflow (WDTRES2).

2. Non-maskable interrupt request signal (NMI pin input, INTWDT2 (when the CPU is operating on the
subclock)), unmasked external interrupt request signal (INTPO to INTP6 pin input), or unmasked

internal interrupt request signal from peripheral functions operable in sub-IDLE mode.
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CHAPTER 21 STANDBY FUNCTION

21.2 Registers

(1) Power save control register (PSC)
This is an 8-bit register that controls the standby function. The STP bit of this register is used to specify the
standby mode. The PSC register is a special register that can be written to only in a special sequence (refer
to 3.4.7 Special registers).
This register can be read or written in 8-bit or 1-bit units.
After reset, PSC is cleared to O0H.

After reset: 00H R/W Address: FFFFF1FEH

<7> 6 <5> <4> 3 2 <1> 0
psc [nvem| o [ nmiom | Ntm [ o | o | stp [ o |
NMI2M Control of releasing standby mode™*® by INTWDT?2 signall

0 Releasing standby modeM®*® by INTWDT?2 signal enabled

1 Releasing standby mode™*® by INTWDT2 signal disabled

NMIOM Control of releasing standby mode™**® by NMI pin input

0 Releasing standby mode™°'® by NMI pin input enabled

1 Releasing standby modeM°'® by NMI pin input disabled

INTM | Control of releasing standby mode™®*® by maskable interrupt request signals

0 Releasing standby mode™**® by maskable interrupt request signals enabled

1 Releasing standby modeM**® by maskable interrupt request signals disabled
STP Standby mode™M*® setting

0 Normal mode

1 Standby mode™°*

Note In this case, standby mode means the IDLE/STOP mode; it does not include the HALT mode.

Cautions 1. If the NMI2M, NMIOM, and INTM bits, and the STP bit are set to 1 at the same time, the
setting of NMI2M, NMIOM, and INTM bits becomes invalid. If there is an unmasked
interrupt request signal being held pending when the IDLE/STOP mode is set, set the bit
corresponding to the interrupt request signal (NMI2M, NMIOM, or INTM) to 1, and then set
the STP bit to 1.

2. When the IDLE/STOP mode is set, set the PSMR.PSM bit and then set the STP bit.
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(2) Power save mode register (PSMR)

This is an 8-bit register that controls the operation status in the standby mode and the clock operation.

This register can be read or written in 8-bit or 1-bit units.
After reset, PSMR is cleared to O0OH.

After reset: 00H R/W After reset: FFFFF820H

7 6 5 4 3 2 1 <0>
PSMR | xTsTP| 0 0 0 0 0 o | psm |
XTSTP Specification of subclock oscillator use
0 Subclock oscillator used
1 Subclock oscillator not used
PSM Specification of operation in standby mode
0 IDLE mode
1 STOP mode

Cautions 1. Be sure to clear the XTSTP bit to 0 during subclock resonator connection.

2. Be sureto clear bits 1 to 6 of the PSMR register to 0.
3. The PSM bit is valid only when the PSC.STP bit is 1.
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(3) Oscillation stabilization time selection register (OSTS)
The wait time until the oscillation stabilizes after the STOP mode is released is controlled by the OSTS register.
The OSTS register can be read or written in 8-bit units.
After reset, OSTS is set to 01H.

After reset: 01H R/W Address: FFFFF6COH

6 5 4 3 2 1 0
osts | o | o | o | o | o |osts2|ostsi| ostso |
OSTS2 | OSTS1 | OSTSO Selection of oscillation stabilization time
fx

4 MHz 5 MHz 10 MHz
0 0 0 2%3ffx 2.048 ms 1.638 ms 0.819 ms
0 0 1 2%5/fx 8.192 ms 6.554 ms 3.277 ms
0 1 0 2%6/fx 16.38 ms 13.11 ms 6.554 ms
0 1 1 2%7ffx 32.77 ms 26.21 ms 13.11 ms
1 0 0 2%8ffx 65.54 ms 52.43 ms 26.21 ms
1 0 1 219/fx 131.1 ms 104.9 ms 52.43 ms
1 1 0 2%/fx 262.1 ms 209.7 ms 104.9 ms
1 1 1 22Yfx 524.3 ms 419.4 ms 209.7 ms

Cautions 1. The wait time following release of the STOP mode does not include the time until the clock
oscillation starts (“a” in the figure below) following release of the STOP mode, regardless
of whether the STOP mode is released by reset or the occurrence of an interrupt request
signal.

STOP mode release

Voltage waveform of X1 pin

Vss

2. Besureto clear bits 3to 7to 0.

3. The oscillation stabilization time following reset release is 2”°/fx (because the initial value of
the OSTS register = 01H).

4. The oscillation stabilization time is also inserted during external clock input.

Remark fx: Main clock oscillation frequency
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21.3 HALT Mode

21.3.1 Setting and operation status

The HALT mode is set when a dedicated instruction (HALT) is executed in the normal operation mode.

In the HALT mode, the clock oscillator continues operating. Only clock supply to the CPU is stopped; clock supply
to the other on-chip peripheral functions continues.

As a result, program execution is stopped, and the internal RAM retains the contents before the HALT mode was
set. The on-chip peripheral functions that are independent of instruction processing by the CPU continue operating.

Table 21-3 shows the operation status in the HALT mode.

The average power consumption of the system can be reduced by using the HALT mode in combination with the
normal operation mode for intermittent operation.

Cautions 1. Insert five or more NOP instructions after the HALT instruction.
2. If the HALT instruction is executed with an unmasked interrupt request signal held pending,
the system shift to the HALT mode, but the HALT mode is immediately released by the
pending interrupt request signal.

21.3.2 Releasing HALT mode

The HALT mode is released by a non-maskable interrupt request signal (NMI pin input, INTWDT1, INTWDT2
signal), an unmasked maskable interrupt request signal, and reset signal (RESET pin input, WDTRES1, WDTRES2
signal).

After the HALT mode has been released, the normal operation mode is restored.

(1) Releasing HALT mode by non-maskable interrupt request signal or unmasked maskable interrupt
request signal
The HALT mode is released by a non-maskable interrupt request signal or an unmasked maskable interrupt
request signal, regardless of the priority of the interrupt request. If the HALT mode is set in an interrupt
servicing routine, however, an interrupt request that is issued later is serviced as follows.

(a) If an interrupt request signal with a priority lower than that of the interrupt request currently being serviced
is issued, only the HALT mode is released, and that interrupt request signal is not acknowledged. The
interrupt request signal itself is retained.

(b) If an interrupt request with a priority higher than that of the interrupt request signal currently being
serviced is issued (including a non-maskable interrupt request signal), the HALT mode is released and

that interrupt request signal is acknowledged.

Table 21-2. Operation After Releasing HALT Mode by Interrupt Request Signal

Release Source Interrupt Enabled (EI) Status Interrupt Disabled (DI) Status
Non-maskable interrupt request signal Execution branches to the handler address
Maskable interrupt request signal Execution branches to the handler The next instruction is executed

address or the next instruction is

executed

(2) Releasing HALT mode by reset
The same operation as the normal reset operation is performed.
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Table 21-3. Operation Status in HALT Mode

Setting of HALT Mode When CPU Is Operating with Main Clock

Item

When Subclock Is Not Used

When Subclock Is Used

CPU

Stops operation

ROM correction

Stops operation

Main clock oscillator

Oscillation enabled

Subclock oscillator

Oscillation enabled

count clock

Interrupt controller Operable
Timer P (TMPQ)"** Operable
16-bit timers (TM00, TM01) Operable
8-bit timers (TM50, TM51) Operable
Timer H (TMHO, TMH1) Operable
Watch timer Operable when main clock output is Operable
selected as count clock
Watchdog timer 1 Operable
Watchdog timer 2 Operable when main clock is selected as Operable

Serial interface CsI00, CslIo1 Operable
CSIAO Operable
I’cote? Operable
UARTO, UART1 Operable
Key interrupt function Operable
A/D converter Operable
Real-time output Operable

Port function

Retains status before HALT mode was set.

External bus interface

Refer to 2.2 Pin Status.

Internal data

The CPU registers, statuses, data, and all other internal data such as the contents of the
internal RAM are retained as they were before the HALT mode was set.

Notes 1.

Only in the ¢/PD703211, 703211Y, 70F3211H, 70F3211HY

2. Onlyinthe 4PD703208Y, 703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, 70F3211HY
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21.4 IDLE Mode

21.4.1 Setting and operation status

The IDLE mode is set by clearing the PSMR.PSM bit to 0 and setting the PSC.STP bit to 1 in the normal operation
mode.

In the IDLE mode, the clock oscillator continues operation but clock supply to the CPU and other on-chip peripheral
functions stops.

As a result, program execution stops and the contents of the internal RAM before the IDLE mode was set are
retained. The CPU and other on-chip peripheral functions stop operating. However, the on-chip peripheral functions
that can operate with the subclock or an external clock continue operating.

Table 21-5 shows the operation status in the IDLE mode.

The IDLE mode can reduce the power consumption more than the HALT mode because it stops the operation of
the on-chip peripheral functions. The main clock oscillator does not stop, so the normal operation mode can be
restored without waiting for the oscillation stabilization time after the IDLE mode has been released, in the same
manner as when the HALT mode is released.

Caution Insert five or more NOP instructions after the instruction that stores data in the PSC register to
set the IDLE mode.

21.4.2 Releasing IDLE mode

The IDLE mode is released by a non-maskable interrupt request signal (NMI pin input, INTWDT?2 signal (when the
CPU is operating on the subclock)), unmasked external interrupt request signal (INTPO to INTP6 pin input), unmasked
internal interrupt request signal from the peripheral functions operable in the IDLE mode, or reset (RESET pin input,
WDTRES?2 signal (when the CPU is operating on the subclock)).

After the IDLE mode has been released, the nhormal operation mode is restored.

(1) Releasing IDLE mode by non-maskable interrupt request signal or unmasked maskable interrupt
request signal
The IDLE mode is released by a non-maskable interrupt request signal or an unmasked maskable interrupt
request signal, regardless of the priority of the interrupt request. If the IDLE mode is set in an interrupt
servicing routine, however, an interrupt request that is issued later is processed as follows.

(a) If an interrupt request signal with a priority lower than that of the interrupt request currently being serviced
is issued, only the IDLE mode is released, and that interrupt request signal is not acknowledged. The
interrupt request signal itself is retained.

(b) If an interrupt request signal with a priority higher than that of the interrupt request currently being
serviced is issued (including a non-maskable interrupt request signal), the IDLE mode is released and that

interrupt request signal is acknowledged.

Table 21-4. Operation After Releasing IDLE Mode by Interrupt Request Signal

Release Source Interrupt Enabled (EI) Status Interrupt Disabled (DI) Status
Non-maskable interrupt request signal Execution branches to the handler address
Maskable interrupt request signal Execution branches to the handler The next instruction is executed

address or the next instruction is
executed

User's Manual U16891EJ1VOUD 601



CHAPTER 21 STANDBY FUNCTION

(2) Releasing IDLE mode by reset

The same operation as the normal reset operation is performed.

Table 21-5. Operation Status in IDLE Mode

Item

Setting of IDLE Mode

When CPU |s Operating with Main Clock

When Subclock Is Not Used When Subclock Is Used

CPU

Stops operation

ROM correction

Stops operation

Main clock oscillator

Oscillation enabled

Subclock oscillator

- Oscillation enabled

Interrupt controller

Stops operation

Timer P (TMPOQ)""*

Stops operation

16-bit timers (TM00, TM01)

TMOO: Stop operation TMOO: Stop operation

TMO1: Operable when INTWT is selected TMO1: Operable when INTWT is selected
as count clock and fere is selected as count | as count clock

clock of WT

8-bit timers (TM50, TM51)

» Operable when TI5n is selected as count clock
» Operable when INTTMO010 is selected as count clock and TMO1 is enabled in IDLE mode

Timer H (TMHO)

Stops operation

Timer H (TMH1)

Stops operation Operable when fxt is selected as count clock

Watch timer

Operable when main clock is selected as Operable
count clock

Watchdog timer 1

Stops operation

Watchdog timer 2

Stops operation Operable when fxt is selected as count clock

Serial interface CSI00, Cslo1

Operable when SCKOn input clock is selected as operation clock

CSIAO

Stops operation

IZCONote 2

Stops operation

UARTO

Operable when ASCKO is selected as count clock

UART1

Stops operation

Key interrupt function

Operable

A/D converter

Stops operation

Real-time output

Operable when INTTM5n is selected as real-time output trigger and TM5n is enabled in
IDLE mode

Port function

Retains status before IDLE mode was set.

External bus interface

Refer to 2.2 Pin Status.

Internal data

The CPU registers, statuses, data, and all other internal data such as the contents of the
internal RAM are retained as they were before the IDLE mode was set.

Notes 1. Only in the 4PD703211, 703211Y, 70F3211H, 70F3211HY
2. Onlyinthe 4PD703208Y, 703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, 70F3211HY

Remark n=0,1
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21.5 STOP Mode

21.5.1 Setting and operation status

The STOP mode is set when the PSMR.PSM bit is set to 1 and the PSC.STP bit is set to 1 in the normal operation
mode.

In the STOP mode, the subclock oscillator continues operating but the main clock oscillator stops. Clock supply to
the CPU and the on-chip peripheral functions is stopped.

As a result, program execution is stopped, and the contents of the internal RAM before the STOP mode was set
are retained. The on-chip peripheral functions that operate with the clock oscillated by the subclock oscillator or an
external clock continue operating.

Table 21-7 shows the operation status in the STOP mode.

Because the STOP stops operation of the main clock oscillator, it reduces the power consumption to a level lower
than the IDLE mode. If the subclock oscillator and external clock are not used, the power consumption can be
minimized with only leakage current flowing.

Caution Insert five or more NOP instructions after the instruction that stores data in the PSC register to
set the STOP mode.

21.5.2 Releasing STOP mode

The STOP mode is released by a non-maskable interrupt request signal (NMI pin input, INTWDT?2 signal (when the
CPU is operating on the subclock)), unmasked external interrupt request signal (INTPO to INTP6 pin input), unmasked
internal interrupt request signal from the peripheral functions operable in the STOP mode, or reset (RESET pin input,
WDTRES?2 signal (when the CPU is operating on the subclock)).

After the STOP mode has been released, the normal operation mode is restored after the oscillation stabilization
time has been secured.

(1) Releasing STOP mode by non-maskable interrupt request signal or unmasked maskable interrupt
request signal
The STOP mode is released by a non-maskable interrupt request signal or an unmasked maskable interrupt
request signal, regardless of the priority of the interrupt request. If the software STOP mode is set in an
interrupt servicing routine, however, an interrupt request that is issued later is serviced as follows.

(a) If an interrupt request signal with a priority lower than that of the interrupt request currently being serviced
is issued, only the STOP mode is released, and that interrupt request signal is not acknowledged. The
interrupt request signal itself is retained.

(b) If an interrupt request signal with a priority higher than that of the interrupt request currently being
serviced is issued (including a non-maskable interrupt request signal), the STOP mode is released and

that interrupt request signal is acknowledged.

Table 21-6. Operation After Releasing STOP Mode by Interrupt Request Signal

Release Source Interrupt Enabled (EI) Status Interrupt Disabled (DI) Status
Non-maskable interrupt request signal Execution branches to the handler address
Maskable interrupt request signal Execution branches to the handler The next instruction is executed
address or the next instruction is executed

(2) Releasing STOP mode by reset
The same operation as the normal reset operation is performed.
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Table 21-7. Operation Status in STOP Mode

Setting of STOP Mode

Item

When CPU Is Operating with Main Clock

When Subclock Is Not Used

When Subclock Is Used

CPU

Stops operation

ROM correction

Stops operation

Main clock oscillator

Oscillation stops

Subclock oscillator

Oscillation enabled

Interrupt controller

Stops operation

Timer P (TMPO)"**

Stops operation

16-bit timers (TM0O, TMO1)

Stops operation

TMOO: Stop operation

TMO1: Operable when INTWT is selected
as count clock and fxr is selected as count
clock of WT

8-bit timers (TM50, TM51)

Operable when TI5n is selected as count
clock

Operable when TI5n is selected as count
clock or when INTTMO10 is selected as
count clock and TMOL1 is enabled in STOP
mode

Timer H (TMHO)

Stops operation

Timer H (TMH1)

Stops operation

Operable when fxr is selected as count clock

Watch timer

Stops operation

Operable when fxt is selected as count clock

Watchdog timer 1

Stops operation

Watchdog timer 2

Stops operation

Operable when fxr is selected as count clock

Serial interface CSI00, CsIo1

Operable when SCKOn input clock is selected as operation clock

CSIAO

Stops operation

|2coNo|52

Stops operation

UARTO

Operable when ASCKO is selected as count clock

UART1

Stops operation

Key interrupt function

Operable

A/D converter

Stops operation

Real-time output

STOP mode

Operable when INTTM5n is selected as real-time output trigger and TM5n is enabled in

Port function

Retains status before STOP mode was set.

External bus interface

Refer to 2.2 Pin Status.

Internal data

The CPU registers, statuses, data, and all other internal data such as the contents of the
internal RAM are retained as they were before the STOP mode was set.

Notes 1.

Only in the 4PD703211,

703211Y, 70F3211H, 70F3211HY

2. Onlyin the ¢/PD703208Y, 703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, 70F3211HY

Remark n=0,1
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21.5.3 Securing oscillation stabilization time when STOP mode is released

When the STOP mode is released, only the oscillation stabilization time set by the OSTS register elapses. If the
STOP mode has been released by reset, however, the reset value of the OSTS register, 2*°/ix (8.192 ms at fx = 4
MHz) elapses.

The operation performed when the STOP mode is released by an interrupt request signal is shown below.

Figure 21-2. Oscillation Stabilization Time

)T
Main clock

STOP mode status

Interrupt request

Main clock Oscillation stabilization
oscillator stops time count

Caution For details of the OSTS register, refer to 21.2 (3) Oscillation stabilization time selection
register (OSTS).
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21.6 Subclock Operation Mode

21.6.1 Setting and operation status

The subclock operation mode is set when the PCC.CKS3 bit is set to 1 in the normal operation mode.

When the subclock operation mode is set, the internal system clock is changed from the main clock to the subclock.

When the PCC.MCK bit is set to 1, the operation of the main clock oscillator is stopped. As a result, the system
operates only with the subclock.

Table 21-8 shows the operation status in subclock operation mode.

In the subclock operation mode, the power consumption can be reduced to a level lower than in the normal
operation mode because the subclock is used as the internal system clock. In addition, the power consumption can
be further reduced to the level of the STOP mode by stopping the operation of the main clock oscillator.

Cautions 1. When manipulating the CK3 bit, do not change the set values of the PCC.CK2 to PCC.CKO
bits (using a bit manipulation instruction to manipulate the bit is recommended). For details,
refer to 6.3 (1) Processor clock control register (PCC).

2. If the following conditions are not satisfied, change the CK2 to CKO bits so that the
conditions are satisfied and set the subclock operation mode.
Main clock (fxx) > Subclock (fxt: 32.768 kHz) % 4

21.6.2 Releasing subclock operation mode

The subclock operation mode is released when the CK3 bit is cleared to O or by reset (@ pin input,
WDTRES1, WDTRES?2 signal). If the main clock is stopped (MCK bit = 1), set the MCK bit to 1, secure the oscillation
stabilization time of the main clock by software, and clear the CK3 bit to O.

The normal operation mode is restored when the subclock operation mode is released.

Caution When manipulating the CK3 bit, do not change the set values of the CK2 to CKO bits (using a bit

manipulation instruction to manipulate the bit is recommended). For details, refer to 6.3 (1)
Processor clock control register (PCC).
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CHAPTER 21 STANDBY FUNCTION

Table 21-8.

Operation Status in Subclock Operation Mode

Setting of Subclock Operation

Operation Status

ltem Mode When Main Clock Is Oscillating When Main Clock Is Stopped
CPU Operable
ROM correction Operable

Subclock oscillator

Oscillation enabled

Interrupt controller Operable
Timer P (TMPO)"** Operable Stops operation
16-bit timers (TMOO, TMO1) Operable TMOO: Stop operation
TMO1: Operable when INTWT is selected
as count clock and fxr is selected as
count clock of WT
8-bit timers (TM50, TM51) Operable * Operable when TI5n is selected as
count clock
* Operable when INTTMO010 is selected
as count clock and when TMO1 is
enabled in subclock operation mode
Timer H (TMHO) Operable Stops operation
Timer H (TMH1) Operable Operable when fxr is selected as count
clock
Watch timer Operable Operable when fxr is selected as count
clock
Watchdog timer 1 Operable Stops operation
Watchdog timer 2 Operable Operable when fxr is selected as count
clock
Serial interface CSI00, CslIo1 Operable Operable when SCKOn input clock is
selected as operation clock
CSIA0 Operable Stops operation
[’co™? Operable Stops operation
UARTO Operable Operable when ASCKO is selected as
count clock
UART1 Operable Stops operation
Key interrupt function Operable
A/D converter Operable Stops operation
Real-time output Operable Operable when INTTM5n is selected as
real-time output trigger and TI5n is
selected as count clock of TM5n
Port function Settable
External bus interface Operable
Internal data Settable

Notes 1.

Only in the ¢/PD703211, 703211Y, 70F3211H, 70F3211HY

2. Onlyinthe 4PD703208Y, 703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, 70F3211HY

Remark n=0,1
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CHAPTER 21 STANDBY FUNCTION

21.7 Sub-IDLE Mode

21.7.1 Setting and operation status

The sub-IDLE mode is set when the PSMR.PSM bit is cleared to 0 and the PSC.STP bit is set to 1 in the subclock
operation mode.

In this mode, the clock oscillator continues operation but clock supply to the CPU and the other on-chip peripheral
functions is stopped.

As a result, program execution is stopped and the contents of the internal RAM before the sub-IDLE mode was set
are retained. The CPU and the other on-chip peripheral functions are stopped. However, the on-chip peripheral
functions that can operate with the subclock or an external clock continue operating.

Table 21-10 shows the operation status in the sub-IDLE mode.

Because the sub-IDLE mode stops operation of the CPU and other on-chip peripheral functions, it can reduce the
power consumption more than the subclock operation mode. If the sub-IDLE mode is set after the main clock has
been stopped, the power consumption can be reduced to a level as low as that in the STOP mode.

21.7.2 Releasing sub-IDLE mode

The sub-IDLE mode is released by a non-maskable interrupt request signal (NMI pin input, INTWDT2 signal (when
the CPU is operating on the subclock)), unmasked external interrupt request signal (INTPO to INTP6 pin input),
unmasked internal interrupt request signal from the peripheral functions operable in the sub-IDLE mode, or reset
(RESET pin input, WDTRES2 signal (when the CPU is operating on the subclock)).

When the sub-IDLE mode is released by an interrupt request signal, the subclock operation mode is set. If it is
released by reset, the normal operation mode is restored.

(1) Releasing sub-IDLE mode by non-maskable interrupt request signal or unmasked maskable interrupt
request signal
The sub-IDLE mode is released by a non-maskable interrupt request signal or an unmasked maskable
interrupt request signal, regardless of the priority of the interrupt request. If the sub-IDLE mode is set in an
interrupt servicing routine, however, an interrupt request signal that is issued later is serviced as follows.

(a) If an interrupt request signal with a priority lower than that of the interrupt request currently being serviced
is issued, only the sub-IDLE mode is released, and that interrupt request signal is not acknowledged. The
interrupt request signal itself is retained.

(b) If an interrupt request signal with a priority higher than that of the interrupt request currently being
serviced is issued (including a non-maskable interrupt request signal), the sub-IDLE mode is released and

that interrupt request signal is acknowledged.

Table 21-9. Operation After Releasing Sub-IDLE Mode by Interrupt Request Signal

Release Source Interrupt Enabled (EI) Status Interrupt Disabled (DI) Status
Non-maskable interrupt request signal Execution branches to the handler address
Maskable interrupt request signal Execution branches to the handler The next instruction is executed

address or the next instruction is

executed

(2) Releasing sub-IDLE mode by reset
The same operation as the normal reset operation is performed.
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Table 21-10. Operation Status in Sub-IDLE Mode

Setting of Sub-IDLE Operation Status

ltem Mode When Main Clock Is Oscillating When Main Clock Is Stopped
CPU Stops operation
ROM correction Stops operation
Subclock oscillator Oscillation enabled
Interrupt controller Stops operation
Timer P (TMPQ)"** Stops operation
16-bit timers (TM0O, TM01) TMOO: Stop operation TMOO: Stop operation
TMO1: Operable when INTWT is selected TMO1: Operable when INTWT is selected
as count clock as count clock and fxr is selected as count
clock of WT
8-bit timers (TM50, TM51) » Operable when TI5n is selected as count | « Operable when T15n is selected as count
clock clock
¢ Operable when INTTMO010 is selected as | « Operable when INTTMO010 is selected as
count clock and INTWT is selected as count clock and when TMO1 is enabled
count clock of TMO1 in sub-IDLE mode
Timer H (TMHO) Stops operation
Timer H (TMH1) Operable when fxt is selected as count clock
Watch timer Stops operation Operable when fxt is selected as count clock
Watchdog timer 1 Operable Stops operation
Watchdog timer 2 Operable when fxr is selected as count clock
Serial interface CSI00, CSl01 Stops operation Operable when SCKOn input clock is
selected as operation clock

CSIAO

Stops operation

I2c0N0|e 2

Stops operation

UARTO

Operable when ASCKO is selected as count clock

UART1

Stops operation

Key interrupt function

Operable

A/D converter

Stops operation

Real-time output

Operable when INTTM5n is selected as real-time output trigger and T15n is selected as

count clock of TM5n

Port function

Retains status before sub-IDLE mode was set.

External bus interface

Refer to 2.2 Pin Status.

Internal data

The CPU registers, statuses, data, and all other internal data such as the contents of the
internal RAM are retained as they were before the sub-IDLE mode was set.

Notes 1.

Only in the ¢/PD703211, 703211Y, 70F3211H, 70F3211HY

2. Only in the 1PD703208Y, 703209Y, 703210Y, 703211Y, 70F3210Y, 70F3210HY, 70F3211HY

Remark n=0,1
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CHAPTER 22 RESET FUNCTION

22.1 Overview

The following reset functions are available.

» Reset function by RESET pin input

* Reset function by overflow of watchdog timer 1 (WDTRES1)

» Reset function by overflow of watchdog timer 2 (WDTRES2)

If the RESET pin goes high, the reset status is released, and the CPU starts executing the program. Initialize the
contents of each register in the program as necessary.

The RESET pin has a noise eliminator that operates by analog delay to prevent malfunction caused by noise.

22.2 Configuration

Figure 22-1. Reset Block Diagram

RESET ©———~{ Analog delay circuit
Reset signal to CPU

WDTRES1 issued
due to overflow Reset signal to CG

Count clock ———  Watchdog timer 1 Reset controller

Reset signal to other
peripheral macros

Count clock ———|  Watchdog timer 2

WDTRES?2 issued
due to overflow
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CHAPTER 22 RESET FUNCTION

22.3 Operation

The system is reset, initializing each hardware unit, when a low level is input to the RESET pin or if watchdog timer

1 or watchdog timer 2 overflows (WDTRES1 or WDTRES?2).

While a low level is being input to the RESET pin, the main clock oscillator stops. Therefore, the overall power

consumption of the system can be reduced.

If the RESET pin goes high or if the WDTRES1 or WDTRES?2 signal is received, the reset status is released.

If the reset status is released byrSET pin input or the WDTRES2 signal, the oscillation stabilization time elapses
(reset value of OSTS register: 2"°/fxx) and then the CPU starts program execution.

If the reset status is released by the WDTRESL signal, the oscillation stabilization time is not inserted because the

main system clock oscillator does not stop.

Table 22-1. Hardware Status on RESET Pin Input or Occurrence of WDTRES2 Signal

Item During Reset

After Reset

Main clock oscillator (fx) Oscillation stops (fx = 0 level).

Oscillation starts

Subclock oscillator (fxr) Oscillation can continue without effect from

Note 1

reset

Peripheral clock (fxx to fxx/1024), internal
system clock (fcik), CPU clock (fcpu)

Operation stops

Operation starts. However, operation
stops during oscillation stabilization time
count.

Watchdog timer 1 clock (fxw) Operation stops

Note 2

Operation starts

Internal RAM

Undefined if power-on reset occurs or writing data to RAM and reset conflict (data
loss); otherwise, retains values immediately before reset input.

I/0 lines (ports) High impedance

On-chip peripheral I/O registers Initialized to specified status

Other on-chip peripheral functions Operation stops

Operation can be started

Notes 1. The on-chip feedback resistor is “connected” by default (refer to 6.3 (1) Processor clock control register

(PCC)).
2. The clock is in the initialized status (interval timer mode).

Table 22-2. Hardware Status on Occurrence of WDTRESL1 Signal

Item During Reset

After Reset

Note

Main clock oscillator (fx) Oscillation continues

Subclock oscillator (fxr)

Oscillation can continue without effect from reset™".

Note

Peripheral clock (fxx to fxx/1024), internal
system clock (fck), CPU clock (fcpu)

Operation stops

Operation starts

Watchdog timer 1 clock (fxw) Operation continues

Internal RAM
values immediately before reset input.

Undefined if writing data to RAM and reset conflict (data loss); otherwise, retains

I/O lines (ports) High impedance

On-chip peripheral I/O registers Initialized to specified status

Other on-chip peripheral functions Operation stops

Operation can be started

Note The on-chip feedback resistor is “connected” by default (refer to 6.3 (1) Processor clock control register

(PCC)).
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CHAPTER 22 RESET FUNCTION

Figure 22-2. Hardware Status on RESET Input

(¢

(( «

Initialized to fxx/8 operation

))
«C

RESET

—
Analog delay Analog Analog delay ~ Analog
(eliminated as noise) delay (eliminated as noise) delay

))
Internal system T¢

reset signal

))

A C

Oscillation stabilization
time count

A

Overflow of timer for oscillation stabilization

Figure 22-3. Operation on Power Application

))

/ €

€

)) )) |

foik 7 G

Initialized to fxx/8 operation

))
«C

))

RESET 1€
Analog delay
))
Internal system ¢
reset signal )
A «(
Oscillation stabilization
time count

Overflow of timer for oscillation stabilization
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CHAPTER 23 REGULATOR

23.1 Overview
The V850ES/KF1 includes a regulator to reduce the power consumption and noise.
This regulator supplies a stepped-down Voo power supply voltage to the oscillator block and internal logic circuits

(except the A/D converter, D/A converter, and output buffer). The regulator output voltage is setto 3.6 V (TYP.).

Figure 23-1. Regulator

AVrero E© A/D converter :
: 271055V :
Vee ;©_ ------------ E /iﬁ Bidirectional level shifter
H Flash '
Voo (©)| Regulator memory ! H
REGC (0) e |~~~ 777777 '
) T Internal digital circuits
P Main/sub 3.6V (TYP) ;
: oscillator :
EVoo E@ EVop 1/O buffer (hormal port) :
: 271055V :
Caution Use the regulator with a setting of Voo = EVbp = AVRero.
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23.2 Operation

The regulator stops operating in the following modes (but only when REGC = Vob).

e During reset

e In STOP mode

e In sub-IDLE mode

When using the regulator, be sure to connect a capacitor (10 4F) to the REGC pin to stabilize the regulator output.
A diagram of the regulator pin connections is shown below.

Figure 23-2. REGC Pin Connection

(&) When REGC = Vop

Input voltage =2.7t0 5.5V © REG

REGC Voltage supply to oscillator/internal logic = 2.7 t0 5.5 V

(b) When connecting REGC pin to Vss via a capacitor

Vop
Input voltage =4.0to 5.5V © REG

REGC Voltage supply to oscillator/internal logic = 3.6 V

I
10 uF
(recommended)
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CHAPTER 24 ROM CORRECTION FUNCTION

24.1 Overview

The ROM correction function is used to replace part of the program in the internal ROM with the program of an

external memory or the internal RAM.
By using this function, program bugs found in the internal ROM can be corrected.
Up to four address can be specified for correction.

Figure 24-1. Block Diagram of ROM Correction

S Instruction address bus

Correction
address register n
(CORADN)

DBTRAP instruction
generation block

—L Block replacin
Correction control ) — "lbug with SBTRRP — = Data bus

register (CORENRN bit) instruction

Remark n=0to3
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CHAPTER 24 ROM CORRECTION FUNCTION

24.2 Registers

(1) Correction address registers 0 to 3 (CORADO to CORAD3)
These registers are used to set the first address of the program to be corrected.
The program can be corrected at up to four places because four CORADN registers are provided.
The CORADRN register can be read or written in 32-bit units.
If the higher 16 bits of the CORADN register are used as the CORADnNH register, and the lower 16 bits as the
CORADNL register, these registers can be read or written in 16-bit units.
After reset, CORADN is cleared to 00000000H.
Because the ROM capacity differs depending on the product, set correction addresses in the following ranges.

1PD703208, 703208Y (64 KB): 0000000H to O00FFFFH
1PD703209, 703209Y (96 KB): 0000000H to 0017FFEH
#PD703210, 703210Y, 70F3210, 70F3210Y, 70F3210H, 70F3210HY (128 KB): 0000000H to 001FFFEH
#PD703211, 703211Y, 70F3211H, 70F3211HY (256 KB): 000000C0H to 003FFFEH

Bits 0 and 20 to 31 are fixed to O.

After reset: 00000000H R/W Address: CORADO FFFFF840H,
CORADOL FFFFF840H, CORADOH FFFFF842H,
CORAD1 FFFFF844H,
CORADI1L FFFFF844H, CORAD1H FFFFF846H,
CORAD2 FFFFF848H,
CORAD2L FFFFF848H, CORAD2H FFFFF84AH,
CORAD3 FFFFF84CH,
CORAD3L FFFFF84CH, CORAD3H FFFFF84EH

(a) 64 KB
31 2019 1615 10
corson | | LTELEEEEERTEEL T TTTTT
Fixed to 0 Note Correction address 0
(n=0to0 3)

(b) 96 KB, 128 KB

31 2019 1716 10
S L )
(n=0t03)
(c) 256 KB
31 2019 1817 10
S L )
(n=01t03)

Note Be sure to clear these bits to 0.
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CHAPTER 24 ROM CORRECTION FUNCTION

(2) Correction control register (CORCN)
This register disables or enables the correction operation at the address specified by the CORADN register.
Each channel can be enabled or disabled by this register.
This register can be read or written in 8-bit or 1-bit units.
After reset, CORCN is cleared to O0H.

After reset: 00H R/W Address: FFFFF880H

4 <3> <2> <1> <0>
corReN | o | o | o | o |corEN3|/cOREN2|CORENI|CORENO|
CORENN Correction operation enable/disable
0 Disabled
1 Enabled

Remark n=0to3

Table 24-1. Correspondence Between CORCN Register Bits and CORADnN Registers

CORCN Register Bit Corresponding CORADN Register
COREN3 CORAD3
COREN2 CORAD2
COREN1 CORAD1
CORENO CORADO

24.3 ROM Correction Operation and Program Flow

<1> If the address to be corrected and the fetch address of the internal ROM match, the fetch code is replaced by
the DBTRAP instruction.

<2> When the DBTRAP instruction is executed, execution branches to address 00000060H.

<3> Software processing after branching causes the result of ROM correction to be judged (the fetch address and
ROM correction operation are confirmed) and execution to branch to the correction software.

<4> After the correction software has been executed, the return address is set, and return processing is started
by the DBRET instruction.

Cautions 1. The software that performs <3> and <4> must be executed in the internal ROM/RAM.
2. When setting an address to be corrected to the CORADN register, clear the higher bits to 0 in
accordance with the capacity of the internal ROM.
3. The ROM correction function cannot be used to correct the data of the internal ROM. It can
only be used to correct instruction codes. If ROM correction is used to correct data, that data
is replaced with the DBTRAP instruction code.
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Figure 24-2. ROM Correction Operation and Program Flow

( Reset & start )
: Initialize microcontroller

' Set CORADn register

H Read data for setting ROM
+ of ROM correction and correction from external memory
+ correction codes H

! SetCORCNregister |

CORENN bit = 1? No

Execute fetch code :
Fetch address No
= CORADN? l
Yes Execute fetch code

Change fetch code to

DBTRAP instruction
|
| Execute DBTRAP instruction |
\
| Jump to address 00000060H |
[ L eeeeeeaas

E Branch to ROM correction
: judgment address
-222’CORADN = DBPC - 23" 2-0 i
( —Yes ILGOP processing :
Branch to correction code address :
1 of corresponding channeln  +

+  Execute correction code
+ Write return address to
i DBPC. :
1+ Write value of PSW to :
: DBPSW as necessary. :

Remarks 1.:

|:| : Processing by ROM correction (hardware)

2.n=0to3

618 User's Manual U16891EJ1VOUD



CHAPTER 25 FLASH MEMORY (SINGLE POWER)

The following products are the flash memory versions (single power) of the V850ES/KF1.

Caution There are differences in noise immunity and noise radiation between the flash memory and mask

ROM versions. When pre-producing and application set with the flash memory version and then

mass-producing it with the mask ROM version, be sure to conduct sufficient evaluation for the

commercial samples (not engineering samples) of the mask ROM version.

For the electrical specifications related to the flash memory rewriting, refer to CHAPTER 27
ELECTRICAL SPECIFICATIONS (MASK ROM VERSION OF 256 KB AND SINGLE-POWER FLASH
MEMORY VERSION) (TARGET).

e 1/PD70F3210H, 70F3210HY: 128 KB flash memory
e 4PD70F3211H, 70F3211HY: 256 KB flash memory

Flash memory versions are commonly used in the following development environments and mass production

applications.

O O0OO0OO0O0

25.1 Features

O O OO

For altering software after the VB50ES/KF1 is soldered onto the target system.

For data adjustment when starting mass production.

For differentiating software according to the specification in small scale production of various models.
For facilitating inventory management.

For updating software after shipment.

4-byte/1-clock access (when instruction is fetched)
Capacity: 256/128 KB

Write voltage: Erase/write with a single power supply
Rewriting method

e Rewriting by communication with dedicated flash programmer via serial interface (on-board/off-board

programming)

o Rewriting flash memory by user program (self programming)

O Flash memory write prohibit function supported (security function)

@)

Safe rewriting of entire flash memory area by self programming using boot swap function

O Interrupts can be acknowledged during self programming.

Cautions 1.

When writing/erasing the flash memory using a flash programmer, a single-power flash

memory differs from a two-power flash memory in the following points.

» A flash programming mode setting pin (FLMD1 pin) must be connected in addition to the

pins connected in a two-power flash memory.

» The pin used as a handshake signal differs when writing/erasing the flash memory with CSI

+ HS communication.

Two-power flash memory: PCS1/CS1
Single-power flash memory: PCMO/WAIT

While self programming is executed, TM50 and TM51 (interrupts, including INTTM50 and
INTTM51) cannot be used. For details, refer to 25.5.6 Internal resources used.
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CHAPTER 25 FLASH MEMORY (SINGLE POWER)

25.2 Memory Configuration

The 256/128 KB internal flash memory area is divided into 128/64 blocks and can be programmed/erased in block

units. All the blocks can also be erased at once.
When the boot swap function is used, the physical memory (blocks 0 to 3) located at the addresses of boot area 0

is replaced by the physical memory (blocks 4 to 7) located at the addresses of boot area 1. For details of the boot

swap function, refer to 25.5 Rewriting by Self Programming.

Figure 25-1. Flash Memory Mapping

3FFFFFFH
3FFFO00H

On-chip peripheral I/O area

(4 KB)

3FEFFFFH

3FF0000H

Internal RAM area
(60 KB)

3FEFFFFH

0210000H
020FFFFH

0200000H
01FFFFFH

0110000H
010FFFFH

0100000H
00FFFFFH

Use prohibited

External memory area
(64 KB)

Use prohibited

External memory area
(64 KB)

Use prohibited

0000000H

Internal flash memory area
(256/128 KB)

Block 127 (2 KB)

Block 126 (2 KB)

Block 125 (2 KB)

003FFFFH

003F800H
003F7FFH

003F000H
003EFFFH

003E800H
003E7FFH

0020000H
001FFFFH
Block 63 (2 KB) Block 63 (2 KB)
0005000H
0004FFFH
0004800H
00047FFH
Block 8 (2 KB) Block 8 (2 KB)
0004000H
0003FFFH
Block 7 (2 KB) Block 7 (2 KB)
0003800H
00037FFH
Block 6 (2 KB) Block 6 (2 KB)
0003000H
0002FFFH
Block 5 (2 KB) Block 5 (2 KB)
0002800H
00027FFH
Block 4 (2 KB) Block 4 (2 KB)
0002000H
0001FFFH
Block 3 (2 KB) Block 3 (2 KB)
0001800H
00017FFH
Block 2 (2 KB) Block 2 (2 KB)
0001000H
0000FFFH
Block 1 (2 KB) Block 1 (2 KB)
0000800H
00007FFH
Block 0 (2 KB) Block 0 (2 KB)
0000000H

Note Boot area 0 (blocks 0 to 3): Boot area
Boot area 1 (blocks 4 to 7): Area used to replace boot area via boot swap function

Boot area 1Nt
(8 KB)

Boot area QNete
(8 KB)
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CHAPTER 25 FLASH MEMORY (SINGLE POWER)

25.3 Functional Outline

The internal flash memory of the VB50ES/KF1 can be rewritten by using the rewrite function of the dedicated flash
programmer, regardless of whether the V850ES/KF1 has already been mounted on the target system or not (on-
board/off-board programming).

In addition, a security function that prohibits rewriting the user program written to the internal flash memory is also

supported, so that the program cannot be changed by an unauthorized person.

The rewrite function using the user program (self programming) is ideal for an application where it is assumed that
the program is changed after production/shipment of the target system. A boot swap function that rewrites the entire
flash memory area safely is also supported. In addition, interrupt servicing is supported during self programming, so
that the flash memory can be rewritten under various conditions, such as while communicating with an external device.

Table 25-1. Rewrite Method

Rewrite Method

Functional Outline

Operation Mode

On-board programming

Flash memory can be rewritten after the device is mounted on the
target system, by using a dedicated flash programmer.

Off-board programming

Flash memory can be rewritten before the device is mounted on the
target system, by using a dedicated flash programmer and a dedicated
program adapter board (FA series).

Flash memory
programming mode

Self programming

Flash memory can be rewritten by executing a user program that has
been written to the flash memory in advance by means of on-board/off-
board programming. (During self-programming, instructions cannot be
fetched from or data access cannot be made to the internal flash
memory area. Therefore, the rewrite program must be transferred to
the internal RAM or external memory in advance).

Normal operation mode

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.
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CHAPTER 25 FLASH MEMORY (SINGLE POWER)

Table 25-2. Basic Functions

Function

Functional Outline

Support (O: Supported, x: Not supported)

On-Board/Off-Board
Programming

Self Programming

Block erasure The contents of specified memory blocks ©) ©)
are erased.

Chip erasure The contents of the entire memory area O X
are erased all at once.

Write Writing to specified addresses, and a O O
verify check to see if write level is secured
are performed.

Verify/checksum Data read from the flash memory is ©) X
compared with data transferred from the (Can be read by user
flash programmer. program)

Blank check The erasure status of the entire memory is o o
checked.

Security setting Use of the block erase command, chip @) x

erase command, and program command
can be prohibited.

(Only values set by on-
board/off-board programming
can be retained)

The following table lists the security functions. The block erase command prohibit, chip erase command prohibit,
and program command prohibit functions are enabled by default after shipment, and security can be set by rewriting
via on-board/off-board programming. Each security function can be used in combination with the others at the same

time.
Table 25-3. Security Functions
Function Function Outline Rewriting Operation When Prohibited
(O: Executable, x: Not Executable)
On-Board/Off-Board Self Programming
Programming
Block erase Execution of a block erase command on Block erase command: x Can always be rewritten
command all blocks is prohibited. Setting of Chip erase command: O regardless of setting of
prohibit prohibition can be initialized by execution Program command: O prohibition
of a chip erase command.
Chip erase Execution of block erase and chip erase Block erase command: x
command commands on all the blocks is prohibited. Chip erase command: x
prohibit Once prohibition is set, setting of Program command: O
prohibition cannot be initialized because
the chip erase command cannot be
executed.
Program Write and block erase commands on all Block erase command: x
command the blocks are prohibited. Setting of Chip erase command: O
prohibit prohibition can be initialized by execution Program command: x
of the chip erase command.
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25.4 Rewriting by Dedicated Flash Programmer
The flash memory can be rewritten by using a dedicated flash programmer after the V850ES/KF1 is mounted on
the target system (on-board programming). The flash memory can also be rewritten before the device is mounted on

the target system (off-board programming) by using a dedicated program adapter (FA series).

25.4.1 Programming environment
The following shows the environment required for writing programs to the flash memory of the V850ES/KF1.

Figure 25-2. Environment Required for Writing Programs to Flash Memory

RS-232C

( FLMD1 )

USB

Dedicated flash
programmer RESET
Host machine UARTO/CSI00

V850ES/KF1

A host machine is required for controlling the dedicated flash programmer.
UARTO or CSIO0 is used for the interface between the dedicated flash programmer and the V850ES/KF1 to
perform writing, erasing, etc. A dedicated program adapter (FA series) is required for off-board writing.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.
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25.4.2 Communication mode

Communication between the dedicated flash programmer and the V850ES/KF1 is performed by serial
communication using the UARTO or CSIOO0 interfaces of the V850ES/KF1.

(1) VARTO
Transfer rate: 9,600 to 153,600 bps

Figure 25-3. Communication with Dedicated Flash Programmer (UARTO)

FLMDO —— = FLMDO

FLMDl —  FLMD1

Voo Voo
GND Vss
RESET ——— RESET
Dedicated flash
programmer RxD TXDO V850ES/KF1
TxD RXDO

(2) csloo
Serial clock: 2.4 kHz to 2.5 MHz (MSB first)

Figure 25-4. Communication with Dedicated Flash Programmer (CSI00)

Vbb Vob
GND Vss
RESET ————— RESET
Dedicated flash S| =—— SO000
programmer V850ES/KF1

SCK —— SCKO00

CLK X1
K X2
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(3) CSIO0 + HS

Serial

clock: 2.4 kHz to 2.5 MHz (MSB first)

Figure 25-5. Communication with Dedicated Flash Programmer (CSIO0 + HS)

FLMDO FLMDO
FLMD1 —— FLMD1
Voo Voo
GND Vss
RESET ———— RESET
. Sl S000
DS?(I)ZG:;(;(: rTf]lz\fh S0 SI00 V850ES/KF1
SCK SCKO00

PCMO

The dedicated flash programmer outputs the transfer clock, and the VB50ES/KF1 operates as a slave.

When the PG-FP4 is used as the dedicated flash programmer, it generates the following signals to the
V850ES/KF1. For details, refer to the PG-FP4 User’s Manual (U15260E).
Table 25-4. Signal Connections of Dedicated Flash Programmer (PG-FP4)
PG-FP4 V850ES/KF1 Processing for Connection
Signal Name I/0 Pin Function Pin Name UARTO CSI00 CSI00 + HS
FLMDO Output Write enable/disable FLMDO O O (@)
FLMD1 Output | Write enable/disable FLMD1 Qe Qpere Qpeter
VDD - Voo voltage generation/voltage monitor Voo O O O
GND - Ground Vss O (@) (@)
CLK Output Clock output to V850ES/KF1 X1, X2 xtete? xMote2 xtete?
RESET Output Reset signal RESET (©) (@) (@)
SI/RxD Input Receive signal SO000 O © (@)
SO/TxD Qutput Transmit signal SI00 O O O
SCK Output | Transfer clock SCKO00 x o o
HS Input Handshake signal for CSI00 + HS PCMO x x O
communication
Notes 1. Wire the pin as shown in Figure 25-6, or connect it to GND on board via a pull-down resistor.
2. Connect these pins to supply a clock from the PG-FP4 (wire as shown in Figure 25-6, or create an
oscillator on board and supply the clock).
Remark ©: Must be connected.

x: Does not have to be connected.
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Table 25-5. Wiring Between pPD70F3210H, 70F3210HY, 70F3211H, and 70F3211HY, and PG-FP4

Pin Configuration of Flash Programmer (PG-FP4)  |Pin Name on With CSI00-HS With CSI00 With UARTO
Signal Name 110 Pin Function FA Board Pin Name Pin No. Pin Name Pin No. Pin Name Pin No.
SI/RxD Input Receive signal SI P41/SO00 | 20 P41/SO00 | 20 P30/TXDO | 22
SO/TxD Output Transmit signal SO P40/S100 | 19 P40/SI00 | 19 P31/RXDO | 23
SCK Output Transfer clock SCK P42/SCK00| 21 P42/SCK00| 21 Not needed | Not needed
CLK Output Clock to VB50ES/KF1 X1 X1 12 X1 12 X1 12

X2 X2t 13 X2t 13 X2t 13
/RESET Output | Reset signal /RESET | RESET |14 RESET 14 RESET 14
FLMDO Input Write voltage FLMDO FLMDO 8 FLMDO 8 FLMDO 8
FLMD1 Input Write voltage FLMD1 PDL5/AD5/ | 62 PDL5/AD5/ | 62 PDL5/AD5/ | 62
FLMD1 FLMD1 FLMD1
HS Input Handshake signal for RESERVE | PCMO/ 49 Not needed | Not needed| Not needed| Not needed
CSI00 + HS HS WAIT"
communication
VDD - Voo voltage VDD Voo 9 Voo 9 Voo 9
generation/voltage EVoo 31 EVoo 31 EVoo 31
monitor
AVrero 1 AVrero 1 AVrero 1
GND - Ground GND Vss 11 Vss 11 Vss 11
AVss 2 AVss 2 AVss 2
EVss 30 EVss 30 EVss 30

Notes 1. When using the clock out of the flash programmer, connect CLK of the programmer to X1, and connect its
inverse signal to X2.
2. The pin differs when it is used in a two-power flash memory.

Cautions 1. Be sure to connect the REGC pin in either of the following ways.
e Connect to GND via a 10 4F capacitor
e Directly connect to Vop
2. When connecting the REGC pin to GND via a 10 g4~ capacitor, the clock cannot be supplied from
the CLK pin of the flash programmer.
Supply the clock by creating an oscillator on the board.
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Figure 25-6. Wiring Example of V850ES/KF1 Flash Writing Adapter (FA-80GC-8BT, FA-80GK-9EU) (1/2)

° °
® 62 Notel [}
° °
° °
° °
° °
° °
° °
° °
. UPD70F3210H, NP N
UPD70F3210HY,
L4 UPD70F3211H, 30 @—f0
UPD70F3211HY
° °
° °
° °
° A °
b —@ Connect to GND. hd
° —<@ Connect to VDD. °
° °
° °
,Note 2
° - 21 @
1 2 8 9 10 11 12 13 14 19 20
o ® e o o o o o @® @ ® o o © o o o o o d
o S
A 6y
[¢) [¢)
O O O
RFU-3 RFU-2 RFU-1 VDE FLMDI*** FLMDO
o o o o)
sl SO sk X1 X2 /RESET VPP RESERVEMS™*
(o) (e} o] o o)
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Figure 25-6. Wiring Example of V850ES/KF1 Flash Writing Adapter (FA-80GC-8BT, FA-80GK-9EU) (2/2)

Notes 1. Wire the FLMD1 pin as shown in the figure, or connect it to GND on board via a pull-down resistor.

2. Be sure to connect the REGC pin in either of the following ways.
¢ Connect to GND via a 10 4F capacitor.
« Directly connect to Vop.
When connecting the REGC pin to GND via a 10 yF capacitor, the clock cannot be supplied from the
CLK pin of the flash programmer.
Supply the clock by creating an oscillator on the board.

3. Unlike a two-power flash memory, a flash programming mode setting pin is required in a single-
power flash memory.

4. The pin differs when it is used in a two-power flash memory.

Remarks 1. Handle the pins not described above in accordance with the specified handling of unused pins
(refer to 2.3 Pin I/O Circuits and Recommended Connection of Unused Pins).
When connecting to Voo via a resistor, use of a resistor of 1 kQ to 10 kQ is recommended.
2. This adapter is for 80-pin plastic QFP and 80-pin plastic TQFP (fine pitch) packages.
3. This diagram shows the wiring when using a handshake-supporting CSI.
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25.4.3 Flash memory control

The following shows the procedure for manipulating the flash memory.

Figure 25-7. Procedure for Manipulating Flash Memory

(

Start

)

Supplies FLMDO pulse —»

Switch to flash memory
programming mode

Select communication system

Manipulate flash memory

End

No
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25.4.4 Selection of communication mode
In the V850ES/KF1, the communication mode is selected by inputting pulses (12 pulses max.) to the FLMDO pin
after switching to the flash memory programming mode. The FLMDO pulse is generated by the dedicated flash

programmer.

The following shows the relationship between the number of pulses and the communication mode.

Figure 25-8. Selection of Communication Mode

Vop

RESET (input)

FLMD1 (input)

FLMDO (input)

RXDO (input)

TXDO (output)

Vob

(Note)

Oscillation | Communication
stabilized mode selected

Power on

Note The number of clocks is as follows depending on the communication mode.

Flash control command communication

Reset (erasure, write, etc.)
released

FLMDO Pulse Communication Mode Remarks

0 UARTO Communication rate: 9600 bps (after reset), LSB first
8 CSI00 V850ES/KF1 performs slave operation, MSB first

11 CSI00 + HS V850ES/KF1 performs slave operation, MSB first
Other RFU Setting prohibited

Caution When UARTO is selected, the receive clock is calculated based on the reset command sent
from the dedicated flash programmer after receiving the FLMDO pulse.
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25.4.5 Communication commands

The V850ES/KF1 communicates with the dedicated flash programmer by means of commands. The signals sent

from the dedicated flash programmer to the V850ES/KF1 are called “commands”. The response signals sent from the

V850ES/KF1 to the dedicated flash programmer are called “response commands”.

Figure 25-9. Communication Commands

Dedicated flash programmer

Command

8 |
PG-FP4 FlashProy) |

Response command

V850ES/KF1

The following shows the commands for flash memory control in the VB50ES/KF1. All of these commands are
issued from the dedicated flash programmer, and the VB50ES/KF1 performs the processing corresponding to the

commands.

Table 25-6. Flash Memory Control Commands

Classification Command Name Support Function
CsI00 CSI00 + HS UARTO

Blank check Block blank check (©) ©) O Checks if the contents of the memory in the

command specified block have been correctly erased.

Erase Chip erase command O O O Erases the contents of the entire memory.

Block erase command (©) ©) O Erases the contents of the memory of the
specified block.

Write Write command ©) (@) @) Writes the specified address range, and
executes a contents verify check.

Verify Verify command o O O Compares the contents of memory in the
specified address range with data
transferred from the flash programmer.

Checksum command o (e} O Reads the checksum in the specified
address range.

System setting, | Silicon signature ©) ©) O Reads silicon signature information.

control command

Security setting (©) ©) O Disables the chip erase command, enables

command

the block erase command, and disables the
write command.
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25.4.6 Pin connection

When performing on-board writing, mount a connector on the target system to connect to the dedicated flash
programmer. Also, incorporate a function on-board to switch from the normal operation mode to the flash memory
programming mode.

In the flash memory programming mode, all the pins not used for flash memory programming become the same
status as that immediately after reset. Therefore, pin handling is required when the external device does not
acknowledge the status immediately after a reset.

(1) FLMDO pin
In the normal operation mode, input a voltage of Vss level to the FLMDO pin. In the flash memory
programming mode, supply a write voltage of Voo level to the FLMDO pin.
Because the FLMDO pin serves as a write protection pin in the self programming mode, a voltage of Voo level
must be supplied to the FLMDO pin via port control, etc., before writing to the flash memory. For details, refer
to 25.5.5 (1) FLMDO pin.

Figure 25-10. FLMDO Pin Connection Example

V850ES/KF1

Dedicated flash programmer connection pin
FLMDO

Pull-down resistor (Rrimpo)
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(2) FLMD1 pin

When 0 V is input to the FLMDO pin, the FLMD1 pin does not function. When Voo is supplied to the FLMDO
pin, the flash memory programming mode is entered, so 0 V must be input to the FLMD1 pin. The following
shows an example of the connection of the FLMD1 pin.

Figure 25-11. FLMD1 Pin Connection Example

V850ES/KF1

FLMD1

Caution If the Vob signal is input to the FLMD1 pin from another device during on-board writing and

Other device

Pull-down resistor (Rrmpz)

immediately after reset, isolate this signal.

Table 25-7. Relationship Between FLMDO and FLMD1 Pins and Operation Mode When Reset Is Released

FLMDO FLMD1 Operation Mode
0 don't care Normal operation mode
Vob 0 Flash memory programming mode
Vob Vop Setting prohibited
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(3) Serial interface pin

The following shows the pins used by each serial interface.

Table 25-8. Pins Used by Serial Interfaces

Serial Interface Pins Used
UARTO TXDO, RXDO
CSI00 S000, SI00, SCK00
CSI00 + HS S000, S100, SCK00, PCMO

When connecting a dedicated flash programmer to a serial interface pin that is connected to another device
on-board, care should be taken to avoid conflict of signals and malfunction of the other device.

(@) Conflict of signals
When the dedicated flash programmer (output) is connected to a serial interface pin (input) that is
connected to another device (output), a conflict of signals occurs. To avoid the conflict of signals, isolate
the connection to the other device or set the other device to the output high-impedance status.

Figure 25-12. Conflict of Signals (Serial Interface Input Pin)

V850ES/KF1
Dedicated flash programmer
) Conflict of signals connection pins
Input pin O

Other device

Output pin

In the flash memory programming mode, the signal that the dedicated flash
programmer sends out conflicts with signals another device outputs.
Therefore, isolate the signals on the other device side.
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(b) Malfunction of other device
When the dedicated flash programmer (output or input) is connected to a serial interface pin (input or
output) that is connected to another device (input), the signal is output to the other device, causing the
device to malfunction. To avoid this, isolate the connection to the other device.

Figure 25-13. Malfunction of Other Device

V850ES/KF1

Dedicated flash programmer
connection pin
Pin O

Other device

‘ i Input pin

In the flash memory programming mode, if the signal the VB50ES/KF1
outputs affects the other device, isolate the signal on the other device side.

V850ES/KF1

Dedicated flash programmer
connection pin

Pin O
Other device

‘ T Input pin

In the flash memory programming mode, if the signal the dedicated flash
programmer outputs affects the other device, isolate the signal on the other
device side.
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(4)

RESET pin

When the reset signals of the dedicated flash programmer are connected to the RESET pin that is connected
to the reset signal generator on-board, a conflict of signals occurs. To avoid the conflict of signals, isolate the
connection to the reset signal generator.

When a reset signal is input from the user system in the flash memory programming mode, the programming
operation will not be performed correctly. Therefore, do not input signals other than the reset signals from the

dedicated flash programmer.

Figure 25-14. Conflict of Signals (RESET Pin)

V850ES/KF1
Dedicated flash programmer
Conflict of signals connection pin
RESET O

Reset signal generator

. T Output pin

In the flash memory programming mode, the signal the reset signal generator
outputs conflicts with the signal the dedicated flash programmer outputs.
Therefore, isolate the signals on the reset signal generator side.

©)

(6)

@)

636

Port pins (including NMI)

When the system shifts to the flash memory programming mode, all the pins that are not used for flash
memory programming are in the same status as that immediately after reset. If the external device connected
to each port does not recognize the status of the port immediately after reset, pins require appropriate
processing, such as connecting to Vob via a resistor or connecting to Vssvia a resistor.

Other signal pins
Connect X1, X2, XT1, XT2, and REGC in the same status as that in the normal operation mode.

Power supply
Supply the same power (Vob, Vss, EVop, EVss, AVss, AVRero) as in normal operation mode.
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25.5 Rewriting by Self Programming

25.5.1 Overview

The V850ES/KF1 supports a flash macro service that allows the user program to rewrite the internal flash memory
by itself. By using this interface and a self programming library that is used to rewrite the flash memory with a user
application program, the flash memory can be rewritten by a user application transferred in advance to the internal
RAM or external memory. Consequently, the user program can be upgraded and constant data can be rewritten in the

field.

Figure 25-15. Concept of Self Programming

Application program
C Self programming library D

Flash function execution | Flash information

Flash macro service

Erase, write

Flash memory
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25.5.2 Features

(1) Secure self programming (boot swap function)
The V850ES/KF1 supports a boot swap function that can exchange the physical memory (blocks 0 to 3) of
boot area 0 with the physical memory (blocks 4 to 7) of boot area 1. By writing the start program to be
rewritten to boot area 1 in advance and then swapping the physical memory, the entire area can be safely
rewritten even if a power failure occurs during rewriting because the correct user program always exists in boot
area 0.

Figure 25-16. Rewriting Entire Memory Area (Boot Swap)

Block N Block N Block N
— — —
Block 8 Block 8 Boot swap Block 8
Block 7 Block 7 . |:> P Block 7
Block 6 Block 6 Block 6
Block 5 |:> Block 5 Block 5
Block 4 Rewriting boot Block 4 Block 4

areas 0 and 1 ‘ *
Block 3 Block 3 Block 3
Block 2 Block 2 Block 2
Block 1 Block 1 Block 1
Block 0 Blocko | -~ | Biocko

Remark 256 KB products: N = 127
128 KB products: N = 63

(2) Interrupt support
Instructions cannot be fetched from the flash memory during self programming. Conventionally, therefore, a
user handler written to the flash memory could not be used even if an interrupt occurred. With the
V850ES/KF1, a user handler can be registered to an entry RAM area by using a library function, so that
interrupt servicing can be performed by internal RAM or external memory execution.
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25.5.3 Standard self programming flow
The entire processing to rewrite the flash memory by flash self programming is illustrated below.

Figure 25-17. Standard Self Programming Flow

Glash memory manipulation)

Flash environment initialization processing|

« Disable accessing flash area
« Disable setting of STOP mode

Erase processing « Disable stopping clock

Write processing

Flash information setting processing"**®?|

Internal verify processing

All blocks end?

Yes

Boot area swapping processing™°'¢?

Flash environment end processing

( End of processing )

Notes 1. If a security setting is not performed, flash information setting processing does not have to be

executed.
2. If boot swap is not used, flash information setting processing and boot area swap processing do not

have to be executed.

User's Manual U16891EJ1VOUD 639



CHAPTER 25 FLASH MEMORY (SINGLE POWER)

25.5.4 Flash functions

Table 25-9. Flash Function List

Function Name Outline Support
FlashEnv Initialization of flash control macro v
FlashBlockErase Erasure of only specified one block v
FlashWordWrite Writing from specified address v
FlashBlocklVerify Internal verification of specified block v
FlashBlockBlankCheck Blank check of specified block v
FlashFLMDCheck Check of FLMD pin v
FlashGetInfo Reading of flash information v
FlashSetInfo Setting of flash information v
FlashBootSwap Swapping of boot area v
FlashWordRead Reading data from specified address v

25.5.5 Pin processing

(1) FLMDO pin
The FLMDO pin is used to set the operation mode when reset is released and to protect the flash memory from
being written during self rewriting. It is therefore necessary to keep the voltage applied to the FLMDO pin at 0
V when reset is released and a normal operation is executed. It is also necessary to apply a voltage of Vob
level to the FLMDO pin during the self programming mode period via port control before the memory is
rewritten.
When self programming has been completed, the voltage on the FLMDO pin must be returned to 0 V.

Figure 25-18. Mode Change Timing

[ Vop --------
RESET signal I
g ov

E Self programming mode

Vop -------- fmm e
FLMDO pin , | |—
ov T

Normal Normal
operation mode operation mode

Caution Make sure that the FLMDO pin is at 0V when reset is released.
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25.5.6 Internal resources used
The following table lists the internal resources used for self programming. These internal resources can also be
used freely for purposes other than self programming.

Table 25-10. Internal Resources Used

Resource Name Description
Entry RAM area Routines and parameters used for the flash macro service are located in this area. The
(internal RAM/external RAM size"*") entry program and default parameters are copied by calling a library initialization
function.
Stack area (stack size") An extension of the stack used by the user is used by the library (can be used in both the

internal RAM and external RAM).

Note:

Library code (code size™") Program entity of library (can be used anywhere other than the flash memory block to be
manipulated).

Application program Executed as user application.
Calls flash functions.

Maskable interrupt Can be used in user application execution status or self programming status. To use this
interrupt in the self programming status, the interrupt servicing start address must be
registered in advance by a registration function.

NMI interrupt Can be used in user application execution status or self programming status. To use this
interrupt in the self programming status the interrupt servicing start address must be
registered in advance by a registration function.

TM50, TM51 These are used for the flash macro service and must not be used in the self programming
mode.
Re-set TM50 and TM51 to use them after self programming.

Note For the capacity to be used, refer to the V850 Series Flash Memory Self Programming (Single Power
Supply Flash Memory) User’'s Manual (under preparation).
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The following products are the on-chip flash memory versions (two power) of the VB50ES/KFL1.

Caution There are differences in noise immunity and noise radiation between the flash memory and mask
ROM versions. When pre-producing and application set with the flash memory version and then
mass-producing it with the mask ROM version, be sure to conduct sufficient evaluation for the
commercial samples (not engineering samples) of the mask ROM version.

For the electrical specifications related to the flash memory rewriting, refer to CHAPTER 28
ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR
LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS).

e (4PD70F3210, 70F3210Y: Products with 128 KB flash memory

When an instruction is fetched from this flash memory, 4 bytes can be accessed with 1 clock, in the same manner
as the mask ROM versions.

Data can be written to the flash memory with the flash memory mounted on the target system (on-board). Connect
a dedicated flash programmer to the target system to write the flash memory.

The following are the assumed environments and applications of flash memory.

O Changing software after soldering the V850ES/KF1 onto the target system
O Producing many variations of a product in small quantities by changing the software
O Adjusting data when mass production is started

26.1 Features

» 4-byte/1-clock access (during instruction fetch access)

» Erasing all areas at once

« Communication with dedicated flash programmer via serial interface
» Erase/write voltage: Vep = 10 V

* On-board programming

Remark For the differences between a two-power flash memory and single-power flash memory, refer to
Caution in 25.1 Features.
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26.2 Writing with Flash Programmer

Data can be written to the flash memory on-board or off-board, by using a dedicated flash programmer.

(1) On-board programming
The contents of the flash memory can be rewritten after the V850ES/KF1 has been mounted on the target

system. The connectors that connect the dedicated flash programmer must be mounted on the target system.

(2) Off-board programming

Data

can be written to the flash memory with a dedicated program adapter (FA series) before the V850ES/KF1

is mounted on the target system.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.

Table 26-1. Wiring Between 4PD70F3210 and 70F3210Y, and PG-FP4

Pin Configuration of Flash Programmer (PG-FP4)  |Pin Name on With CSI00-HS With CSI00 With UARTO
Signal Name /0 Pin Function FA Board Pin Name Pin No. Pin Name Pin No. Pin Name Pin No.
SI/RxD Input Receive signal Sl P41/SO00 | 20 P41/SO00 | 20 P30/TXDO | 22
SO/TxD Output Transmit signal SO P40/S100 | 19 P40/S100 | 19 P31/RXDO | 23
SCK Output Transfer clock SCK P42/SCKO00| 21 P42/SCKO00| 21 Not needed | Not needed
CLK Output Clock to V850ES/KF1 X1 X1 12 X1 12 X1 12

X2 x2Met 13 x2teet 13 x2teet 13
/RESET Output | Reset signal JRESET RESET 14 RESET 14 RESET 14
VPP Output Write voltage VPP Vep 8 Vep 8 Vep 8
HS Input Handshake signal for RESERVE | PCS1/ 48 Not needed | Not needed| Not needed| Not needed
CSI00 + HS IHS cs1v?

communication

VDD 110 Voo voltage VDD Voo 9 Voo 9 Voo 9
generation/voltage EVoo 31 EVoo 31 EVoo 31
monitor

AVREFD 1 AVREFD 1 AVREFD 1

GND - Ground GND Vss 11 Vss 11 Vss 11

AVss 2 AVss 2 AVss 2
EVss 30 EVss 30 EVss 30

Notes 1. When using the clock out of the flash programmer, connect CLK of the programmer to X1, and connect its

inverse signal to X2.

2. The pin differs when it is used in a single-power flash memory.

Cautions 1.

Be sure to connect the REGC pin in either of the following ways.

e Connect to GND via a 10 u4F capacitor

* Directly connect to Vop

When connecting the REGC pin to GND via a 10 yF capacitor, the clock cannot be supplied from
the CLK pin of the flash programmer.

Supply the clock by creating an oscillator on the board.
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Figure 26-1. Wiring Example of V850ES/KF1 Flash Writing Adapter (FA-80GC-8BT, FA-80GK-9EU) (1/2)
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CHAPTER 26 FLASH MEMORY (TWO POWER)

Figure 26-1. Wiring Example of V850ES/KF1 Flash Writing Adapter (FA-80GC-8BT, FA-80GK-9EU) (2/2)

Notes 1. Be sure to connect the REGC pin in either of the following ways.
» Connect to GND via a 10 uF capacitor.
« Directly connect to Voo.
When connecting the REGC pin to GND via a 10 pF capacitor, the clock cannot be supplied from
the CLK pin of the flash programmer.
Supply the clock by creating an oscillator on the board.
2. The pin differs when it is used in a single-power flash memory.

Remarks 1. Handle the pins not described above in accordance with the specified handling of unused pins
(refer to 2.3 Pin 1/O Circuits and Recommended Connection of Unused Pins).
When connecting to Voo via a resistor, use of a resistor of 1 kQ to 10 kQ is recommended.
2. This adapter is for 80-pin plastic QFP and 80-pin plastic TQFP (fine pitch) packages.
3. This diagram shows the wiring when using a handshake-supporting CSI.
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CHAPTER 26 FLASH MEMORY (TWO POWER)

26.3 Programming Environment

The environment required for writing a program to the flash memory of the V850ES/KF1 is illustrated below.

Figure 26-2. Environment for Writing Program to Flash Memory

RESET
Dedicated flash programmer yART0/CSI00 V850ES/KF1

Host machine

A host machine that controls the dedicated flash programmer is necessary.
To interface between the flash programmer and the V850ES/KF1, UARTO or CSIOO0 is used for manipulation such
as writing and erasing. To write the flash memory off-board, a dedicated program adapter (FA series) is necessary.

26.4 Communication Mode

Communication between the dedicated flash programmer and the V850ES/KF1 is established by serial
communication via UARTO or CSIOO0 of the VB50ES/KF1.

(1) UARTO
Transfer rate: 9600 to 153600 bps (LSB first)

Figure 26-3. Communication with Dedicated Flash Programmer (UARTO)

V850ES/KF1
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CHAPTER 26 FLASH MEMORY (TWO POWER)

(2) Cslioo
Transfer rate: 2.4 kHz to 2.5 MHz (MSB first)

Figure 26-4. Communication with Dedicated Flash Programmer (CSI00)

S| =——— SO000
Dedicated flash programmer SO ———— SI00 V850ES/KF1

SCK —— SCKO00

CLK X1
T e

(3) CSIcommunication mode supporting handshake
Transfer rate: 2.4 kHz to 2.5 MHz (MSB first)

Figure 26-5. Communication with Flash Programmer (CSI00 + H/S)

Vep Vpp
Vob Vob
GND ——— Vss
RESET ———  RESET
Sl SO00
Dedicated flash programmer SO SI00 V850ES/KF1
SCK SCKO00
CLK X1
T %
H/S PCS1
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CHAPTER 26 FLASH MEMORY (TWO POWER)

If the PG-FP4 is used as the flash programmer, the PG-FP4 generates the following signals for the V850ES/KF1.
For details, refer to the PG-FP4 User’s Manual (U15260E).

Table 26-2. Signals Generated by Dedicated Flash Programmer (PG-FP4)

PG-FP4 V850ES/KF1 Connection
Signal Name 110 Pin Function Pin Name CSI00 (UARTO

VPP Output Write voltage Vee @) @)
VvDD 1/0 Vob voltage generation/voltage monitor Vop O O
GND - Ground Vss (@) (@)
CLK Output Clock output to V850ES/KF1 X1, X2"* o) @)
RESET Output Reset signal RESET (©) (@)
SI/RxD Input Receive signal SO00/TXD0 O O
SO/TxD Output Transmit signal SI00/RXD0 O O
SCK Output Transfer clock 'SCK00 O X
H/IS Input Handshake signal of CSI00 + HS communication PCS1 A x

Note For off-board writing only: connect the clock output of the flash programmer to X1 and its inverse signal to X2.

Remark ©O:
O:
x:
yAN
648

Be sure to connect the pin.
The pin does not have to be connected if the signal is generated on the target board.
The pin does not have to be connected.

. In handshake mode
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CHAPTER 26 FLASH MEMORY (TWO POWER)

26.5 Pin Processing

To write the flash memory on-board, connectors that connect the flash programmer must be provided on the target
system. First provide a function that selects the normal operation mode or flash memory programming mode on the
board.

When the flash memory programming mode is set, all the pins not used for programming the flash memory are in
the same status as immediately after reset. Therefore, if the external device does not recognize the state immediately
after reset, the pins must be processed as described below.

26.5.1 Vpp pin
In the normal operation mode, connect the Vep pin to Vss. In the flash memory programming mode, a write voltage

of 10 V is supplied to the Vrr pin. An example of connection of the Vrp pin is illustrated below.

Figure 26-6. Example of Connection of Vep Pin

V850ES/KF1

Flash programmer connection pin
O

Pull-down resistor (Rvep)
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CHAPTER 26 FLASH MEMORY (TWO POWER)

26.5.2 Serial interface pins
The pins used by each serial interface are listed below.

Table 26-3. Pins Used by Each Serial Interface

Serial Interface Pins Used
CsI00 S000, SI00, SCKOO0
CSI00 + HS S000, SI00, SCK00, PCS1
UARTO TXDO, RXDO

To connect the dedicated flash programmer to the pins of a serial interface that is connected to another device on
the board, care must be exercised so that signals do not collide or that the other device does not malfunction.

(1) Signal collision
If the flash programmer (output) is connected to a pin (input) of a serial interface connected to another device
(output), signal collision takes place. To avoid this collision, either isolate the connection with the other device,
or make the other device go into an output high-impedance state.

Figure 26-7. Signal Collision (Input Pin of Serial Interface)

V850ES/KF1
Flash programmer
Signal collision connection pin
Input pin O

Other device

. T Output pin

In the flash memory programming mode, the signal output by the device
collides with the signal sent from the flash programmer. Therefore, isolate
the signal of the other device.
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CHAPTER 26 FLASH MEMORY (TWO POWER)

(2) Malfunction of other device

If the dedicated flash programmer (output or input) is connected to a pin (input or output) of a serial interface
connected to another device (input), a signal may be output to the other device, causing the device to

malfunction. To avoid this malfunction, isolate the connection with the other device.

Figure 26-8. Malfunction of Other Device

VB50ES/KF1
Flash programmer
) connection pin
Pin O

Other device

| T Input pin

If the signal output by the VB50ES/KF1 in the flash memory programming
mode affects the other device, isolate the signal of the other device.

V850ES/KF1
Flash programmer
) connection pin
Pin O

Other device

. T Input pin

If the signal output by the flash programmer in the flash memory
programming mode affects the other device, isolate the signal of the other
device.

User's Manual U16891EJ1VOUD

651



CHAPTER 26 FLASH MEMORY (TWO POWER)

26.5.3 RESET pin

If the reset signal of the flash programmer is connected to the RESET pin that is connected to the reset signal
generator on the board, signal collision takes place. To prevent this collision, isolate the connection with the reset
signal generator.

If the reset signal is input from the user system while the flash memory programming mode is set, the flash
memory will not be correctly programmed. Do not input any signal other than the reset signal of the flash programmer.

Figure 26-9. Signal Collision (RESET Pin)

V850ES/KF1
Flash programmer
Signal collision connection signal
RESET O

Reset signal generator

T Output pin

In the flash memory programming mode, the signal output by the reset
signal generator collides with the signal output by the flash programmer.
Therefore, isolate the signal of the reset signal generator.

26.5.4 Port pins

When the system shifts to the flash memory programming mode, all the pins that are not used for flash memory
programming are in the same status as that immediately after reset. If the external device connected to each port
does not recognize the status of the port immediately after reset, pins require appropriate processing, such as
connecting to Vop via a resistor or connecting to Vss via a resistor.

26.5.5 Other signal pins

Connect the X1, X2, XT1, XT2, and REGC pins in the same status as in the normal operation mode.

To input the operating clock from the programmer, however, connect the clock out of the programmer to X1, and its
inverse signal to X2.

26.5.6 Power supply

Supply the same power as in the normal operation mode for the power supply (Vop, Vss, AVRrero, AVss, EVbp, and
EVss).
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CHAPTER 26 FLASH MEMORY (TWO POWER)

26.6 Programming Method

26.6.1 Controlling flash memory
The following figure illustrates the procedure to manipulate the flash memory.

Figure 26-10. Flash Memory Manipulation Procedure

( Start

)

Flash memory programming

Vep pulse supply —= mode is set

Selecting communication mode

Manipulate flash memory

Yes

( End

No
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CHAPTER 26 FLASH MEMORY (TWO POWER)

26.6.2 Flash memory programming mode

To rewrite the contents of the flash memory by using the dedicated flash programmer, set the V850ES/KF1 in the
flash memory programming mode. To set the mode, set the Vep pin and clear the reset signal.
Change the mode by using a jumper when writing the flash memory on-board.

Figure 26-11. Flash Memory Programming Mode

Vep Operation mode
Vss Normal operation mode
10V Flash memory programming mode

26.6.3 Selecting communication mode

In the VB50ES/KF1 a communication mode is selected by inputting pulses (up to 8 pulses) to the Ver pin after the
flash memory programming mode is entered. These Vep pulses are generated by the flash programmer.

The following table shows the relationship between the number of pulses and communication modes.

Table 26-4. Communication Modes

Vep Pulse Communication Mode Remark
0 CsI00 V850ES/KF1 operates as slave with MSB first.
3 CSI00 + HS V850ES/KF1 operates as slave with MSB first.
8 UARTO Communication rate: 9600 bps (after reset), LSB first
Other RFU Setting prohibited

Caution When UARTO is selected, the receive clock is calculated based on the reset command sent from the
dedicated flash programmer after the Vep pulse has been received.
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CHAPTER 26 FLASH MEMORY (TWO POWER)

26.6.4 Communication commands

The V850ES/KF1 communicates with the flash programmer by using commands. The signals sent from the flash
programmer to the V850ES/KF1 are called “commands”, and the commands sent from the V850ES/KF1 to the flash
programmer are called “response commands”.

Figure 26-12. Communication Commands

Command

Response command

Flash programmer V850ES/KF1

The flash memory control commands of the V850ES/KF1 are listed in the table below. All these commands are
issued from the programmer and the VB50ES/KF1 performs processing corresponding to the respective commands.

Table 26-5. Flash Memory Control Commands

Classification Command Name Function

Verify Batch verify command Compares the contents of the entire memory
with the input data.

Erase Batch erase command Erases the contents of the entire memory.
Blank check Batch blank check command Checks the erasure status of the entire memory.
Data write High-speed write command Writes data by specifying the write address and

number of bytes to be written, and executes a
verify check.

Successive write command Writes data from the address following that of
the high-speed write command executed
immediately before, and executes a verify

check.

System setting, control Status read command Obtains the operation status
Oscillation frequency setting command Sets the oscillation frequency
Erase time setting command Sets the erase time for batch erase
Write time setting command Sets the write time for writing data
Baud rate setting command Sets the baud rate when UART is used
Silicon signature command Reads the silicon signature information
Reset command Escapes from each status

The V850ES/KF1 returns a response command for the command issued by the dedicated flash programmer. The
response commands sent from the VB50ES/KF1 are listed below.

Table 26-6. Response Commands

Command Name Function
ACK Acknowledges command/data.
NAK Acknowledges illegal command/data.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION,
SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

256 KB mask ROM versions are as follows.

#PD703211, 703211Y

Single-power flash memory versions are as follows.

MPD70F3210H, 70F3210HY, 70F3211H, 70F3211HY

Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbol Conditions Ratings Unit
Supply voltage Voo Vop = EVop = AVRero -0.3t0 +6.5 \%
EVop Vob = EVop = AVRero -0.3to +6.5 \%
AVRrero Vop = EVop = AVRero -0.3t0 +6.5 \%
Vss Vss = EVss = AVss -0.3t0 +0.3 \%
AVss Vss = EVss = AVss -0.3to +0.3 \%
EVss Vss = EVss = AVss -0.3t0 +0.3 \%
Input voltage Viz P00 to P06, P30 to P35, P38, P39, P40 to P42, -0.3to EVop + 0.3"* \%
P50 to P55, P90, P91, P96 to P99, P913 to P9I15,
PCMO to PCM3, PCSO, PCSl,ﬂPCTl,
PCT4, PCT6, PDLO to PDL15, RESET, FLMDO
Viz X1, X2, XT1, XT2 -0.3to Voo + 0.3"°
Analog input voltage Vian P70 to P77 -0.3 to AVrero+ 0.3

Note Be sure not to exceed the absolute maximum ratings (MAX. value) of each supply voltage.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER

FLASH MEMORY VERSION) (TARGET)

Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbol Conditions Ratings Unit
Output current, low lou P00 to P06, P30 to P35, P40 to P42, | Per pin 20 mA
P50 to P55, P90, P91, P96 to P99,
P913 to P915, PCMO to PCM3,
PCSO0, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15
P38, P39 30 mA
P00 to P06, P30 to P35, P38, P39, Total of all 35 mA
P40 to P42 pins:
P50 to P55, P90, P91, P96 to P99, | 70 MA 35 mA
P913 to P915, PCMO to PCM3,
PCS0, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15
Output current, high low Per pin -10 mA
P00 to P06, P30 to P35, P40 to P42 | Total of all -30 mA
P50 to P55, P90, P91, P96 to P99, | Pins: -30 mA
P913 to P915, PCMO to PCMS3, —60 mA
PCS0, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15
Operating ambient Ta Normal operation mode —-40 to +85 °C
temperature Flash programming mode T.B.D. °C
Storage temperature Tstg Mask ROM version -65 to +150 °C
Flash memory version -40 to +125 °C

Cautions 1. Do not directly connect the output (or 1/0) pins of IC products to each other, or to Voo, Vcc, and

GND. Open-drain pins or open-collector pins, however, can be directly connected to each other.

Direct connection of the output pins between an IC product and an external circuit is possible, if

the output pins can be set to the high-impedance state and the output timing of the external

circuit is designed to avoid output conflict.

2. Product quality may suffer if the absolute maximum rating is exceeded even momentarily for

any parameter. That is, the absolute maximum ratings are rated values at which the product is

on the verge of suffering physical damage, and therefore the product must be used under

conditions that ensure that the absolute maximum ratings are not exceeded. The ratings and

conditions indicated for DC characteristics and AC characteristics represent the quality

assurance range during normal operation.

Capacitance (Ta = 25°C, Vob = EVob = AVRrero = Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input capacitance Ci fx =1 MHz P70 to P77 15 pF
I/O capacitance Cio Unmeasured pins Note 15 pF
returned to O V P38, P39 20 oF

Note POO to P06, P30 to P35, P40 to P42, P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO,
PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to PDL15

Remark fx: Main clock oscillation frequency
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Operating Conditions
(Ta =-40to +85°C, Vob = EVob = AVRrero = 2.7 10 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Internal system clock fork In PLL mode REGC =Vop =4.5t05.5V 0.25 20 MHz
frequency REGC=Vop=4.01055V | 0.25 16 MHz

REGC = Capacity, 0.25 ghe MHz

Voo =4.0t05.5V

REGC=Vop=2.7t055V 0.25 g MHz
In clock-through | REGC =Vop =4.0t0 5.5V 0.0625 10 MHz
mode REGC = Capacity, 0.0625 g MHz

Voo =4.0t0 5.5V

REGC=Vop=27t055V | 0.0625 8" MHz
Operating with REGC =Vop =2.7t05.5V 32.768 kHz

subclock

Note These values may change after evaluation.

Internal System Clock Frequency vs. Supply Voltage

100 —
o i When REGC = Capacity
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Supply voltage Voo [V]
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Main Clock Oscillator Characteristics (Ta = —40to +85°C, Voo = 2.7t0 5.5V, Vss=0V)

Resonator | Recommended Circuit | Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic Oscillation | In PLL mode |REGC=Vopo=45t055V 2 5 MHz
resonator | X 2 | frequency REGC = Voo =4.0t0 5.5V 2 4 MHz
Note 1
() REGC = Capacity, 2 4 MHz
Voo =4.0t0 55V
REGC =Vopb=2.7t0 5.5V 2 2.5 MHz
Note 3 REGC =Vopb=2.7t05.5V 2 10 MHz
Oscillation | After reset is released 2%/ix s
stabilization | after STOP mode is released Note 4 s
time™°?
Crystal | “ “ | Oscillation | In PLL mode |REGC =Vop=4.5t05.5V 2 5 MHz
resonator | frequency REGC = Voo =4.0t0 5.5 V 2 4 MHz
M (f)™ — :
[0} REGC = Capacity, 2 4 MHz
Voo =4.0t0 5.5V
REGC =Vop =2.7t05.5V 2 2.5 MHz
Note 3 REGC =Vop=2.7t05.5V 2 10 MHz
Oscillation | After reset is released 2%/fx s
stabilization | after STOP mode is released Note 4 s
time"***?
External | X1 X2 | X1, X2 input | In PLL mode | REGC=Voo=4.5t05.5V 2 5 MHz
clock i frequency REGC=Vop=4.01055V | 2 4 | MHz
A () REGC =Vop =2.7t05.5V 2 25 MHz
External clock Note 3 REGC =Voo=2.7t055V 2 10 MHz
Notes 1. Indicates only oscillator characteristics.
2. Time required to stabilize the resonator after reset or STOP mode is released.
3. In clock-through mode
4. The value differs depending on the OSTS register settings.

Cautions 1. When using the main clock oscillator, wire as follows in the area enclosed by the broken lines in

the above figures to avoid an adverse effect from wiring capacitance.

* Keep the wiring length as short as possible.

« Do not cross the wiring with the other signal lines.

« Do not route the wiring near a signal line through which a high fluctuating current flows.

« Always make the ground point of the oscillator capacitor the same potential as Vss.

« Do not ground the capacitor to a ground pattern through which a high current flows.
« Do not fetch signals from the oscillator.

2. When the main clock is stopped and the device is operating on the subclock, wait until the

oscillation stabilization time has been secured by the program before switching back to the

main clock.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Subclock Oscillator Characteristics (Ta = —40 to +85°C, Vob = 2.7t0 5.5V, Vss =0 V)

Resonator Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit

Crystal Oscillation frequency 32 32.768 35 kHz
| XT1 XT2 | Note 1

resonator ; 1 (fxT)

Oscillation 10 s

Note 2

stabilization time

External

clock (fxr)\e*
g& Duty = 50% +5%

External clock

XT1 input frequency | REGC = Vop 32 35 kHz

Notes 1. Indicates only oscillator characteristics.
2. Time required from when Vob reaches oscillation voltage range (2.7 V (MIN.)) to when the crystal
resonator stabilizes.

Cautions 1. When using the subclock oscillator, wire as follows in the area enclosed by the broken lines in
the above figures to avoid an adverse effect from wiring capacitance.

« Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

« Do not route the wiring near a signal line through which a high fluctuating current flows.
« Always make the ground point of the oscillator capacitor the same potential as Vss.

« Do not ground the capacitor to a ground pattern through which a high current flows.

* Do not fetch signals from the oscillator.

2. The subclock oscillator is designed as a low-amplitude circuit for reducing power consumption,
and is more prone to malfunction due to noise than the main clock oscillator. Particular care is

therefore required with the wiring method when the subclock is used.

PLL Characteristics (Ta =-40to +85°C, Vop =2.7t0 5.5V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input frequency fx 2 5 MHz
Output frequency fxx 8 20 MHz
Lock time teLL After Voo reaches 2.7 V (MIN.) 200 7S]
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

DC Characteristics
(Ta =-40 to +85°C, Vop = EVpp = AVRero = 2.7 10 5.5 V, Vss = EVss = AVss = 0 V) (1/5)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Output current, high loH1 Per pin for P00 to P06, P30 to P35, P40 to -5.0 mA
P42, P50 to P55, P90, P91, P96 to P99, P913
to P915, PCMO to PCM3, PCS0, PCS1, PCTO,
PCT1, PCT4, PCT6, PDLO to PDL15

Total of POO to P06, P30 | EVoo =4.0t0 5.5V -30 mA
to P35, P40 to P42 EVoo=2.7105.5V -15 mA
Total of P50 to P55, P90, | EVoo =4.0t0 5.5 V -30 mA
P91, P96 10 P99, PO13 | Eypp=27t055V -15 mA
to P915, PCMO to
PCM3, PCSO0, PCST, BVop=2.7t055V -15 mA
PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

Output current, low loL1 Per pin for P00 to P06, P30 to P35, P40 to 10 mA

P42, P50 to P55, P90, P91, P96 to P99, P913
to P915, PCMO to PCM3, PCSO0, PCS1, PCTO,
PCT1, PCT4, PCT6, PDLO to PDL15

Per pin for P38, P39 EVop=4.0t0 5.5V 15 mA

EVop=27t055V 8 mA
Total of POO to P06, P30 to P35, P40 to P42 30 mA
Total of P38, P39, P50 to P55, P90, P91, P96 30 mA

to P99, P913 to P915, PCMO to PCM3, PCS0,
PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to

PDL15
Input voltage, high ViH1 Note 1 0.7EVop EVoo \"
Vinz Note 2 0.8EVoD EVoo \
ViHa P70 to P77 0.7AVrero AVRero \
ViHa X1, X2, XT1, XT2 Voo — 0.5 Vop \'
Input voltage, low ViLt Note 1 EVss 0.3EVop \Y
Viez Note 2 EVss 0.2EVop \
ViLs P70 to P77 AVss 0.3AVRero \
ViLa X1, X2, XT1, XT2 Vss 0.4 \

Notes 1. P00, P01, P30, P41, P98, PCMO to PCM3, PCS0, PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to PDL15 and
their alternate-function pins.
2. RESET, P02 to P06, P31 to P35, P38, P39, P40, P42, P50 to P55, P90, P91, P96, P97, P99, P913 to
P915 and their alternate-function pins.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

DC Characteristics
(Ta=-40t0 +85°C, Vop = EVob = AVRero = 2.7 10 5.5V, Vss = EVss = AVss = 0 V) (2/5)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, high VoH1 Note 1 lon = =2.0 mA, EVoo - 1.0 EVop \%
EVop=4.0t0 5.5V
Note 2 lon = =0.1 mA, EVobo - 0.5 EVop \
EVop=2.7t055V
Output voltage, low Vour | Note 3 loL = 2.0 mA™** 0 0.8
VoLz2 P38, P39 loL = 15 mA, 0 2.0
EVop=4.0t05.5V
loL = 8 mA, 0 1.0 \%
EVoo =3.0to 5.5V
lo. =5 mA, 0 1.0 \
EVoo=2.7t055V
Input leakage current, high Ium Vin = Vob 3.0 HA
Input leakage current, low I Vin=0V -3.0 LA
Output leakage current, high| Ion Vo = Vop 3.0 HA
Output leakage current, low | loo Vo=0V -3.0 LA
Pull-up resistor Ru Vin=0V 10 30 100 kQ

Notes 1. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: lon = =30 mA,

total of P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO0, PCS1, PCTO, PCT1,
PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lon = =30 mA.

2. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: lon = -15 mA,
total of P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO0, PCS1, PCTO, PCT1,
PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lon = =15 mA.

3. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: lo. = 30 mA,
total of P38, P39, P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCS0, PCS1, PCTO,
PCT1, PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lo. = 30 mA.

4. Refer to lo.1for loL of P38 and P39.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

DC Characteristics

(Ta=-40to +85°C, Vop = EVobp = AVRero = 2.7 10 5.5V, Vss = EVss = AVss = 0 V) (3/5)

Parameter

Symbol

Conditions

MIN.

TYP.

MAX.

Unit

Note

Supply current
(uPD70F3211H,
70F3211HY)

Ibp1

Normal
operation

fxx = 20 MHz (fx = 5 MHz)
(in PLL mode)
REGC = Vop =5V +10%

55

75

mA

fxx = T.B.D.
(in clock-through mode)
REGC =Voo =3V +10%

T.B.D.

T.B.D.

mA

Ibp2

HALT mode

fxx = 20 MHz (fx = 5 MHz)
(in PLL mode)
REGC = Vop =5V +10%

29

43

mA

fxx = T.B.D.
(in clock-through mode)
REGC =Voo =3V +10%

T.B.D.

T.B.D.

mA

Ibps

IDLE mode

fx =5 MHz
(when PLL mode off)
REGC =Voo =5V +10%

21

3.3

mA

fx = T.B.D.
(in clock-through mode)
REGC = Vop = 3V #10%

T.B.D.

T.B.D.

mA

Ibpa

Subclock
operating
mode

fxr = 32.768 kHz
Main clock stopped

250

420

Ibps

Subclock IDLE
mode

fxr = 32.768 kHz
Main clock stopped,
watch timer operating

20

75

Ibbe

STOP mode

Subclock operating

15

60

Subclock stopped
(XT1 = Vss, when
PSMR.XTSTP bit = 1)

0.1

30

P

Ibo7

Flash memory
erase/write

fxx = 20 MHz (fx = 5 MHz)
(in PLL mode)
REGC = Vop = 5V #10%

65

90

mA

fxx = T.B.D.
(in clock-through mode)
REGC =Vop =3V £10%

T.B.D.

T.B.D.

mA

Note Total current of Voo and EVop (all ports stopped). AVrerois not included.

Remark fxx: Main clock frequency

fx:  Main clock oscillation frequency

fxt: Subclock frequency
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

DC Characteristics
(TaA=-40t0 +85°C, Vop = EVob = AVRero = 2.7 10 5.5V, Vss = EVss = AVss = 0 V) (4/5)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply current™*® Iop1 Normal fxx = 20 MHz (fx =5 MHz) 51 70 mA
(1PD70F3210H, operation (in PLL mode)
70F3210HY) REGC = Voo =5V +10%
fxx = T.B.D. T.B.D. T.B.D. mA

(in clock-through mode)
REGC =Vopo =3V +£10%

Ibb2 HALT mode fxx = 20 MHz (fx = 5 MHz) 25 38 mA
(in PLL mode)
REGC = Vop =5V +10%

fxx = T.B.D. T.B.D. T.B.D. mA
(in clock-through mode)
REGC =Vopo =3V +£10%

lops IDLE mode fx =5 MHz 1.8 29 mA
(when PLL mode off)
REGC = Voo =5V +10%

fx=T.B.D. T.B.D. | T.B.D. mA
(in clock-through mode)
REGC = Vop = 3V £10%

Ibpa Subclock fxr = 32.768 kHz 240 400 HA
operating Main clock stopped
mode

Ibps Subclock IDLE | fxr = 32.768 kHz 20 75 LA
mode Main clock stopped,

watch timer operating

Ibpe STOP mode Subclock operating 15 60 HA

Subclock stopped 0.1 30 HA
(XT1 = Vss, when
PSMR.XTSTP bit = 1)

Ibp7 Flash memory | fxx = 20 MHz (fx = 5 MHz) 61 85 mA
erase/write (in PLL mode)
REGC = Vob =5V £10%

fxx = T.B.D. T.B.D. T.B.D. mA
(in clock-through mode)
REGC = Voo =3V £10%

Note Total current of Voo and EVoo (all ports stopped). AVrerois not included.
Remark fxx: Main clock frequency

fx:  Main clock oscillation frequency
fx1: Subclock frequency
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

DC Characteristics

(Ta=-40to +85°C, Vop = EVob = AVRero = 2.7 10 5.5V, Vss = EVss = AVss = 0 V) (5/5)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply current™*® Iop1 Normal fxx = 20 MHz (fx = 5 MHz) 42 60 mA
(uPD703211, 703211Y) operation (in PLL mode)

REGC = Voo =5V +10%
fxx = T.B.D. T.B.D. T.B.D. mA
(in clock-through mode)
REGC = Vop = 3V £10%
Iop2 HALT mode fxx = 20 MHz (fx = 5 MHz) 29 40 mA
(in PLL mode)
REGC = Voo =5V +10%
fxx = T.B.D. T.B.D. T.B.D. mA
(in clock-through mode)
REGC = Voo =3V +10%
Iops IDLE mode fx =5 MHz 1.7 2.7 mA
(when PLL mode off)
REGC =Vop =5V £10%
fx = T.B.D. T.B.D. T.B.D. mA
(in clock-through mode)
REGC = Voo =3V £10%
Ibpa Subclock fxr = 32.768 kHz 100 220 LA
operating Main clock stopped
mode
loos Subclock IDLE | fxr = 32.768 kHz 20 75 LA
mode Main clock stopped,
watch timer operating
Iobe STOP mode Subclock operating 15 60 LA
Subclock stopped 0.1 30 LA
(XT1 = Vss, when PSMR.XTSTP
bit = 1)
Note Total current of Voo and EVop (all ports stopped). AVrero is not included.
Remark fxx: Main clock frequency
fx:  Main clock oscillation frequency
fxt: Subclock frequency
User's Manual U16891EJ1VOUD 665



CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Data Retention Characteristics

STOP Mode (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention voltage V/DDDR STOP mode 2.0 55 \%
STOP release signal input time torEL 0 7S

Caution Shifting to STOP mode and restoring from STOP mode must

operating range.

be performed within the rated

Operating voltage lower limit —w—
Vob

RESET (input)

STOP mode release interrupt (NMI, etc.)
(Released by falling edge)

STOP mode release interrupt (NMI, etc.)
(Released by rising edge)

STOP mode setting

STOP release signal input
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

AC Characteristics

AC Test Input Measurement Points (Vob, AVRrero, EVoD)

Vob

ViH ViH
Measurement points
oV ViL ViL
AC Test Output Measurement Points
Vo Vo
Measurement points
Vou VoL

Load Conditions

DUT
(Device under
measurement)

;CLZSOPF

Caution If the load capacitance exceeds 50 pF due to the circuit configuration, bring the load
capacitance of the device to 50 pF or less by inserting a buffer or by some other means.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

CLKOUT Output Timing
(Ta =-40to +85°C, Vob = EVob = AVRrero = 2.7 10 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

Output cycle tevk <1> 50 ns 30.6 /5
High-level width twkH <2> | Vpp=4.01055V tevk/2 — 17 ns
Vob=2.7t055V tcvk/2 — 26 ns
Low-level width twkL <3> | Vop=4.01055V tevk/2 — 17 ns
Vop=2.7t055V tcvk/2 — 26 ns
Rise time R <4> | Vop=4.01t055V 17 ns
Vop=2.7t055V 26 ns
Fall time te <5> | Vop=4.01t055V 17 ns
Voo =2.7t05.5V 26 ns

Clock Timing
<1>
<2> <3> |
[ \ [
CLKOUT (output) Z S
<4> <5>
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Bus Timing

(1) Read/write cycle

(@) Read/write cycle (CLKOUT asynchronous)

(Ta=-40to +85°C, Vop = EVop = AVRrRero = 4.0t0 5.5V, Vss = EVss = AVss =0V, CL =50 pF) (1/2)

Parameter Symbol Conditions MIN. MAX. Unit

Address setup time (to ASTB1) tsast <6> (0.5 + tasw)T - 23 ns
Address hold time (from ASTB1) tHsTA <7> (0.5 + tasw)T - 15 ns
Delay time from RD! to address float tFrRDA <8> 16 ns
Data input setup time from address tsaip <9> (2+n+tasw+taw)T-40| ns
Data input setup time from RD! tsriD <10> (L+n+taswttam)T-25| ns
Delay time from ASTB. to R_D WRm! tbsTRDWR <11> (0.5 + tanw)T — 20 ns
Data input hold time (from ﬁT) tHRDID <12> 0 ns
Address output time from EDT torDA <13> 1+)T-16 ns
Delay time from RD, WRm1 to ASTB1 | torowrst <14> 0.5T-10 ns
Delay time from RDt to ASTB! torDST <15> (1.5+i+ tasw)T — 10 ns
R_D, WRmM low-level width tWRDWRL <16> A+n)T-10 ns
ASTB high-level width twsTH <17> (1 + tasw)T - 25 ns
Data output time from WRmL towrop <18> 20 ns
Data output setup time (to WRm?1) tsobwr <19> (1+mT-25 ns
Data output hold time (frommT) tHwrOD <20> T-15 ns
‘WAIT setup time (to address) tsawT <21> [n=21 (L5 +tasw+tew)T-45 | ns
tsawT2 <22> (1.5+n+tasw+taw)T-45 | ns

"WAIT hold time (from address) tHAwTL <23> |n=1 (0.5 +n + tasw + tanw)T ns
tHawT2 <24> (1.5 +n + tasw + tanw) T ns

Wsetup time (to ASTB1) tssTwT1 <25> |nz21 (1 + tanw) T - 32 ns
tsstwr2 <26> (2 +n + tanw)T — 32 ns

WAIT hold time (from ASTB1) tHsTWTL <27> |nz1 (n + tanw) T ns
tHsTWT2 <28> A +n+tamw)T ns

Remarks 1.

tasw: Number of address setup wait clocks

taHw: Number of address hold wait clocks

2. T = 1/fcpu (fcru: CPU operating clock frequency)

3. n: Number of wait clocks inserted in the bus cycle

The sampling timing changes when a programmable wait is inserted.

4. m=0,1

5. i: Number of idle states inserted after a read cycle (0 or 1)

6. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

(Ta = —40 to +85°C, Voo = EVbp = AVRero = 2.7 t0 5.5V, Vss = EVss = AVss = 0V, CL = 50 pF) (2/2)

Parameter Symbol Conditions MIN. MAX. Unit
Address setup time (to ASTB!) tsast <6> (0.5 + tasw)T — 42 ns
Address hold time (from ASTB1) tHsTA <7> (0.5 + tasw)T - 30 ns
Delay time from RD! to address float tFrRDA <8> 32 ns
Data input setup time from address tsaip <9> (241 + tasw + tanw) T = 72 ns
Data input setup time from E)l tsriD <10> (141 + tasw + tanw) T - 40 ns
Delay time from ASTB! to ﬁ),ml tosTRDWR <11> (0.5 + tanw)T - 35 ns
Data input hold time (from @T) tHRDID <12> 0 ns
Address output time from RD1 torDA <13> @+i)T-32 ns
Delay time from RD, WRm1 to ASTB1 | torowrsT <14> 0.5T - 20 ns
Delay time from RD1 to ASTB! torDsT <15> (1.5 +i+ tasw)T — 20 ns
ﬁ),m low-level width tWRDWRL <16> (L+nT-20 ns
ASTB high-level width twsTH <17> (1 + tasw)T = 50 ns
Data output time from WRm! towrop <18> 35 ns
Data output setup time (to WT) tsobwr <19> (L+n)T-40 ns
Data output hold time (from WRm1) tHwroD <20> T-30 ns
Wsetup time (to address) tsawT1 <21> |n=1 (1.5 + tasw + tarw) T - 80 ns
tsawT2 <22> (L5410 + tasw + tarw) T - 80 ns
'WAIT hold time (from address) tHAwTL <23>|n=1 (0.5 +n + tasw + tanw)T ns
tHawT2 <24> (1.5 +n + tasw + tanw)T ns
WAIT setup time (to ASTB1) tssTwr1 <25>|nz1 (1 + tanw)T - 60 ns
tssTwr2 <26> (1+n+ taww)T - 60 ns
'WAIT hold time (from ASTB!) tHsTWTL <27>|nz1 (n + tanw) T ns
tHsTWT2 <28> (1 +n+tanw)T ns

Caution Set the following in accordance with the usage conditions of the CPU operating clock frequency (k
=0,1).

e 70ns <1/fcru < 84 ns
Set an address setup wait (AWC.ASWK bit = 1).
e 62.5ns < 1l/fcru<70ns
Set an address setup wait (ASWK bit = 1) and address hold wait (AWC.AHWK bit = 1).

Remarks 1. tasw: Number of address setup wait clocks
tanw: Number of address hold wait clocks
2. T = 1/fceu (fcpu: CPU operating clock frequency)
3. n: Number of wait clocks inserted in the bus cycle
The sampling timing changes when a programmable wait is inserted.
4. m=0,1
5. i: Number of idle states inserted after a read cycle (0 or 1)
6. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Read Cycle (CLKOUT Asynchronous)

worwm /- N/ N\_/ \_/ ./ \

T1

\ T2

T3 \

€S0, Cs1 (output) ><

ADO to AD15 (IfQ) ======- ><

ASTB (output) _/

RD (output)

WAIT (input)

Remark WRO0 and WR1 are high level.

/ ><£
N N\
<9>
f ) Hi-Z A
Address S ALLERELEELEEEFEEEEEEEEL: Data |F---------==mmennu-
N\ 47 Ne——
<6> <7>
4 x\ — <12> _Y
\ N
<17>
<13>
<8>
<11>, <10> <14>
<15>
N
<16>
<25>
<27>
<26>
<28>
\ / f
. // N\
<21>
<23>
<22>
<24>
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Write Cycle (CLKOUT Asynchronous)

‘ T1 ‘ T2 ‘ T™W ‘ T3 ‘

warens /- N/ N\_/ N/ \_/ \
- 4
CS0, CS1 (output) ><

\\

/ \ / \
ADO to AD15 (I/Q) ======~ >< Address > >< Data
\ Z \ /
<6> <7>
/ \
ASTB (output) _/ <17> \
\N
<18> <14>
<11> <19> <20>
__ /
WRO (output), /
WR1 (output) S P
<16>
<25>
<27>
<26>
<28>

WAIT (input) \

<21>
<23>
<22>
<24>

Remark RDis high level.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

(b) Read/write cycle (CLKOUT synchronous)

(Ta =-40to +85°C, Vop = EVop = AVRero = 4.0t0 5.5V, Vss = EVss = AVss =0V, CL =50 pF) (1/2)

Parameter Symbol Conditions MIN. MAX. Unit
Delay time from CLKOUT1 to address toka <29> 0 19 ns
Delay time from CLKOUT1 to address trka <30> 0 14 ns
float
Delay time from CLKOUT! to ASTB toksT <31> 0 23 ns
Delay time from CLKOUT1 to RD, WRm toKRDWR <32> -22 0 ns
Data input setup time (to CLKOUT1) tsiok <33> 15 ns
Data input hold time (from CLKOUT1) tHkiD <34> 0 ns
Data output delay time from CLKOUT 1 tokop <35> 19 ns
WAIT setup time (to CLKOUT!) tswrk <36> 15 ns
WAIT hold time (from CLKOUT ) tkwr <37> 0 ns

Remarks 1. m=0,1

2. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.

(Ta =-40to +85°C, Vop = EVop = AVRero = 2.7 10 5.5V, Vss = EVss = AVss =0V, CL =50 pF) (2/2)

Parameter Symbol Conditions MIN. MAX. Unit
Delay time from CLKOUT1 to address toka <29> 0 19 ns
Delay time from CLKOUT1 to address trka <30> 0 18 ns
float
Delay time from CLKOUT! to ASTB toksT <31> 0 55 ns
Delay time from CLKOUT1 to RD, WRm tDKRDWR <32> -22 0 ns
Data input setup time (to CLKOUT1) tsibk <33> 30 ns
Data input hold time (from CLKOUT1) tHKID <34> 0 ns
Data output delay time from CLKOUT 1t tokop <35> 19 ns
WAIT setup time (to CLKOUT ) tswrk <36> 25 ns
WAIT hold time (from CLKOUT!) tHKWT <37> 0 ns

Remarks 1. m=0,1

2. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Read Cycle (CLKOUT Synchronous)

CLKOUT (output)

SN N\ \

CS0, CS1 (output)

<33> 34>

<30>

Hi-Z
ADO to AD15 (I/O) Address >- SR AR ELELEEEEEELE =" Data St AR RLEEEE LR <
<31>
<31>
ASTB (output)
30> <32>

RD (output)

4
WAIT (input) \ / / \
N /

<36> <37> <36> <37>

Remark WRO0 and WR1 are high level.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Write Cycle (CLKOUT Synchronous)

‘ T1 ‘ T2 ‘ ™W ‘ T3 ‘
CLKOUT (output) I \ I \ / \ J_\
<29>
CS0, CS1 (output) 1 ><:
<35> |
ADO to AD15 (I/O) ======~ >< Address > Data ><:
<31> <31>
ASTB (output)
WRO (output),
WR1 (output) 7
<32> a2
7 l
WAIT (input) \ / /
N 7
<36> [<37> <36> <37>

Remark RD is high level.

User's Manual U16891EJ1VOUD 675



CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

(2) Bus hold

(a8 CLKOUT asynchronous

(Ta =-40to +85°C, Vob = EVob = AVRrero = 4.0t0 5.5V, Vss = EVss = AVss = 0 V, CL =50 pF) (1/2)

Parameter Symbol Conditions MIN. MAX. Unit
HLDRQ high-level width twhoH <78> T+10 hs
HLDAK low-level width twHAL <79> T-15 ns
Delay time from HLDAK 1 to bus output toHAc <80> -40 ns
Delay time from ml to HLDAK| tDHQHAL <81> (2n+7.5)T + 40 ns
Delay time from HLDRQ1t to HLDAK1 tDHQHA2 <82> 0.5T 1.5T+40 ns

Remarks 1. T = 1/fcpu (fcru: CPU operating clock frequency)

2. n: Number of wait clocks inserted in the bus cycle

The sampling timing changes when a programmable wait is inserted.

3. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.

(Ta =-40to +85°C, Vop = EVop = AVRero = 2.71t0 5.5V, Vss = EVss = AVss = 0 V, CL =50 pF) (2/2)

Parameter Symbol Conditions MIN. MAX. Unit
HLDRQ high-level width twHoH <78> T+10 ns
HLDAK low-level width twhaL <79> T-15 ns
Delay time from HLDAK 1 to bus output toHAC <80> -80 ns
Delay time from HLDRQ! to HLDAK toHoHAL <81> (2n+75)T+70 | ns
Delay time from WT to HLDAK tDHQHA2 <82> 0.5T 15T +70 ns

Remarks 1. T = 1/fcpu (fcpu: CPU operating clock frequency)
2. n: Number of wait clocks inserted in the bus cycle

The sampling timing changes when a programmable wait is inserted.

3. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.

676

User's Manual U16891EJ1VOUD




CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Bus Hold (CLKOUT Asynchronous)

CLKOUT (output) /—\
<78>
\ l L
HLDRQ (input) /
\ (

<81> <82>

HLDAK (output) \

<79> | <80>
ADO to AD15 (1/O) >< > .......... Semmee 2
CS0, CS1 (output) / \ . emmee T2
ASTB (output) / \ .......... TP o
RD (output), \ / \ e ommee T2

WRO (output), WR1 (output)
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

(b) CLKOUT synchronous

(Ta =-40to +85°C, Vop = EVop = AVRero = 4.0t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF) (1/2)

Parameter Symbol Conditions MIN. MAX. Unit
m setup time (to CLKOUT!) tsHoK <83> 15 ns
HLDRQ hold time (from CLKOUT ) thkHo <84> 0 ns
Delay time from CLKOUT1 to bus float tokF <85> 20 ns
Delay time from CLKOUT1 to HLDAK tokHA <86> 20 ns

Remark The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.

(Ta=-40to +85°C, Voo = EVop = AVRero = 2.7t0 5.5V, Vss = EVss = AVss = 0 V, CL =50 pF) (2/2)

Parameter Symbol Conditions MIN. MAX. Unit
m setup time (to CLKOUT!) tsHok <83> 25 ns
m hold time (from CLKOUT!) tHKHQ <84> 0 ns
Delay time from CLKOUT?1 to bus float tokr <85> 40 ns
Delay time from CLKOUTt to HLDAK toKHA <86> 40 ns

Remark The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.

Bus Hold (CLKOUT Synchronous)

Y | T3 I TH TH T | I \

CLKOUT (output) F\f\

<83>
HLDRQ (input)

<86> <86>
HLDAK (output) ;

ADO to AD15 (I/O)

CS0, CS1 (output)

ASTB (output)

RD (output),
WRO (output), WR1 (output)
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Basic Operation

(1) Reset/external interrupt timing

(Ta=-40to +85°C, Vop = EVob = AVRero = 2.7 10 5.5V, Vss = EVss = AVss =0V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

RESET low-level width twrst1 | <87> | Reset in power-on status 2 s
twrsr2 | <88> | Power-on-reset when REGC = Voo 2 s

Note | tvr > 150 us 10 7]

tvr < 150 1s 40 7S]

NMI high-level width twiH <89> | Analog noise elimination 1 7S]
NMI low-level width twiiL <90> | Analog noise elimination 1 7]
INTPn high-level width twith <91> | n =0 to 6 (analog noise elimination) 600 ns
INTPn low-level width twiTL <92> | n =0 to 6 (analog noise elimination) 600 ns

Note Power-on-reset when REGC = Capacity
Remarks 1. tvr: Time required for Vo to reach 0 V to 4.0 V (= operation lower-limit voltage)
2. The above specification shows the pulse width that is accurately detected as a valid edge. If a pulse

narrower than the above specification is input, therefore, it may also be detected as a valid edge.

Reset/Interrupt

Vop
<88> <87>
RESET (input)
<89> [ <90>
NMI (input)
<91> | <92>

INTPnR (input)

Remark n=0to6
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Timer Timing
(Ta =-40to +85°C, Vop = EVob = AVRero = 2.710 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
TIONn high-level width tron | <93> | REGC=Vop=4.0t05.5V 2Tsmpo + 100™* ns
REGC = Capacity, Voo =4.0t0 5.5V, | 2Tsmpo + 200™"°* ns
REGC =Vop =2.7t05.5V
TIONn low-level width trio <94> | REGC=Voo=4.0to55V 2Tsmpo + 100™°* ns
REGC = Capacity, Vop =4.0t0 5.5V, | 2Tsmpo + 200"} ns
REGC =Voo=2.7t0 55V
TI5m high-level width trisH <95> |REGC =Vop=4.0t05.5V 50 ns
REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vob=2.7t0 5.5V
TI5m low-level width trisL <96> |REGC=Vop=4.0t05.5V 50 ns
REGC = Capacity, Voo =4.0t0 5.5 V, 100 ns
REGC =Vop =2.7t05.5V
TIPOm high-level width tren | <97> |REGC =Vopo=4.0t05.5V np x Tsmpp + 100" ns
REGC = Capacity, Vobo =4.0t0 5.5V, |np x Tsmpp + 200"°? ns
REGC =Voo=2.7t05.5V
TIPOm low-level width tree | <98> |REGC=Vop=4.0t05.5V np x Tsmpp + 100" ns
REGC = Capacity, Voo =4.0t0 5.5V, |np x Tsmpp + 200"°? ns
REGC =Vob=2.7t05.5V

Notes 1. Tsmpo: Timer O count clock cycle
However, Tsmpo = 4/fxx when TIOn is used as an external clock.
2. Tsmpp: Digital noise elimination sampling clock cycle of TIPOm pin
If TIPOO is used as an external event count input or an external trigger input, however, Tsmpp = O (digital
noise is not eliminated).

Remarks 1. n=00, 01, 10, 11
m=0,1
2. The above specification shows the pulse width that is accurately detected as a valid edge. If a pulse
narrower than the above specification is input, therefore, it may also be detected as a valid edge.

Timer Input Timing

<93>/<95>/<97> o <94>/<96>/<98>

TIOn (input)
TI5Sm (input)
TIPOm (input)

Remark n =00, 01, 10, 11

m=0,1
UART Timing
(Ta =-40to +85°C, Vop = EVop = AVRero = 2.71t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)
Parameter Symbol Conditions MIN. MAX. Unit
Transmit rate 3125 kbps
ASCKO frequency REGC =V =4.0t05.5V 12 MHz
REGC = Capacity, Voo =4.0t0 5.5V, 6 MHz
REGC =Vop=2.7t05.5V
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

CSIO Timing

(1) Master mode

(Ta =-40to +85°C, Vop = EVop = AVRero = 2.7t0 5.5V, Vss = EVss = AVss =0V, CL =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

SCKOn cycle time tkeva <99> |REGC=Vop=4.0t05.5V 200 ns
REGC = Capacity, Voo =4.0t0 5.5 V, 400 ns
REGC=Vop=271t055V

SCKOnN high-/low-level width te, s | <100> teevaf2 — 30 ns

SI0n setup time (to SCKON) tsik <101> | REGC =Vop=4.0t0 5.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 50 ns
REGC =Vop=2.7t05.5V

S10n hold time (from SCKOn) tisit <102> | REGC = Voo = 5V +10% 30 ns
REGC = Capacity, Voo =4.0t0 5.5 V, 50 ns
REGC =Vop=271t05.5V

Delay time from SCKOn to SO0On | tksoz <103> | REGC = Voo =4.0t0 5.5V 30 ns

output REGC = Capacity, Voo = 4.0 t0 5.5 V, 60 ns

REGC =Vop=2.7t05.5V

Remark n=0,1

(2) Slave mode

(Ta =-40to +85°C, Vop = EVop = AVRrero = 2.7t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

SCKOn cycle time tkeyz <99> | REGC=Vop=4.0t05.5V 200 ns
REGC = Capacity, Voo =4.0t0 5.5V, 400 ns
REGC =Vop=2.7t05.5V

SCKOn high-/low-level width tkH2, tkiz | <100> | REGC =Vop =4.0t0 5.5V 45 ns
REGC = Capacity, Voo =4.0t0 5.5V, 90 ns
REGC =Vop=2.7t0 5.5V

SI0n setup time (to SCKOn) tsikz <101> | REGC =Vop=4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop=2.7t05.5V

SI0n hold time (from SCKOn) tsi2 <102> | REGC =Vop=4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop=2.7t05.5V

Delay time from SCKOn to SOOn tksoz2 <103> | REGC =Vop=4.0t05.5V 50 ns

output REGC = Capacity, Voo = 4.0 t0 5.5 V, 100 ns

REGC =Vopb=2.7t05.5V

Remark n=0,1
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

<99>

<100> <100>

SCKOn (1/0) —\_/_J\‘_j w

<101>| |<102>

<103>

Hi-z Hi-Z
SION (iNput) ============mssmmmmnnmnan i n e {} """""""""""

SOO0n (output) X ><

/
Output data X
\

2. n=0,1

Remarks 1. When transmit/receive type 1 (CSICn.CKPn, CSICn.DAPN bits = 00)
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

CSIA Timing

(1) Master mode

(Ta =-40to +85°C, Vop = EVop = AVRero = 2.7t0 5.5V, Vss = EVss = AVss =0V, CL =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

SCKAO cycle time tkcys <99> | REGC=Vop=4.0t05.5V 500 ns
REGC = Capacity, Voo =4.0t0 5.5V, 1000 ns
REGC =Vop=2.7t05.5V

SCKAO high-/low-level width tkHa, <100> tkeval2 — 30 ns

tkLs

SIAO setup time (to SCKAO1) tsiks <101> | REGC =Vop=4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5 V, 60 ns
REGC =Vop = 2.7t0 5.5V

SIAO hold time (from SCKAO1) tse | <102> | REGC =Voo=4.0105.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop =2.7t05.5V

Delay time from SCKAO! to SOAO tksos <103> | REGC =Vop=4.0t0 5.5V 30 ns

output REGC = Capacity, Voo = 4.0 t0 5.5 V, 60 ns
REGC =Vop=2.7t05.5V

(2) Slave mode

(Ta =-40to +85°C, Vop = EVop = AVRero = 2.7 t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

SCKAQO cycle time tkeva <99> |REGC=Vop=4.0t055V 840 ns
REGC = Capacity, Voo =4.0t0 5.5V, 1700 ns
REGC =Vop=2.7t05.5V

SCKAO high-/low-level width tkha, tka | <100> tkeval2 — 30 ns

SIAO setup time (to SCKAO1) tsika <101> | REGC=Vop=4.0t05.5V 50 ns
REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vop =2.7t05.5V

SIAO hold time (from SCKAO1) tksia <102> | REGC =Vop=4.0t0 5.5V terx2+ 15%* ns
REGC = Capacity, Voo =4.0t0 5.5V, |tovx2+ 30" ns
REGC =Vop =2.7t05.5V

Delay time from SCKAO! to SOAQ | tksoa <103> | REGC=Vop=4.0t05.5V toy x 2+ 30™° ns

output REGC = Capacity, Voo = 4.0t0 5.5V, trx2+60"™ | ns
REGC =Vop=2.7t05.5V

Note tcy: Internal clock output cycle

fxx (CSIS0.CKSAO01, CSIS0.CKSAO0O bits = 00), fxx/2 (CKSA01, CKSAOQO bits = 01)
fxx/2* (CKSA01, CKSAQO bits = 10), fxx/2° (CKSA01, CKSAQO bits = 11)
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

<99>

<100>

Y U e

<101>| |<102>

<100>

Hi-Z Hi-Z
SIAQ (input) =================m=mmmmmsmmnmnmmmnm s { Input data, |p===================--
<103>
SOAO (output) X Output data X
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

I’C Bus Mode (Y Products (Products with On-Chip I’C) Only)
(Ta =-40to +85°C, Vob = EVob = AVRrero = 2.7 t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Normal Mode High-Speed Mode Unit
MIN. MAX. MIN. MAX.

SCLO clock frequency ferk 0 100 0 400 kHz
Bus free time tsur <104> 4.7 - 1.3 - 7S]
(Between start and stop conditions)
Hold time"™®* tHD:STA <105> 4.0 - 0.6 - s
SCLO clock low-level width tow <106> 4.7 - 1.3 - s
SCLO clock high-level width tHiGH <107> 4.0 - 0.6 - 7S]
Setup time for start/restart tsu:sTA <108> 4.7 - 0.6 - s
conditions
Data hold time | CBUS compatible | trp:oar <109> 5.0 - - - s

master

I’C mode o've? - 0"e? 0.9"*? s
Data setup time tsu:paT <110> 250 - 100" - ns
SDAO and SCLO signal rise time tr <111> - 1000 20 + 0.1Cb"™*® 300 ns
SDAO and SCLO signal fall time te <112> - 300 20 + 0.1Cb™"*° 300 ns
Stop condition setup time tsu:sto <113> 4.0 - 0.6 - 7S]
Pulse width of spike suppressed by | tsp <114> - - 0 50 ns
input filter
Capacitance load of each bus line Cb - 400 - 400 pF

Notes 1. At the start condition, the first clock pulse is generated after the hold time.
2. The system requires a minimum of 300 ns hold time internally for the SDAO signal (at Vitmin. of SCLO
signal) in order to occupy the undefined area at the falling edge of SCLO.

3. If the system does not extend the SCLO signal low hold time (t.ow), only the maximum data hold time

(tHp:pAT) Needs to be satisfied.
4. The high-speed mode I°C bus can be used in the normal-mode I°C bus system. In this case, set the high-
speed mode I°C bus so that it meets the following conditions.
« |f the system does not extend the SCLO signal’s low state hold time:

tsu:paT =250 ns

« If the system extends the SCLO signal’'s low state hold time:
Transmit the following data bit to the SDAO line prior to the SCLO line release (trmax. + tsu:pat = 1000

+ 250 = 1250 ns: Normal mode I°C bus specification).

5. Cb: Total capacitance of one bus line (unit: pF)
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

I’C Bus Mode (Y Products (Products with On-Chip I°C) Only)

<106> <107>

TR s \ ; I
scogo) 1+ L iN 4\ / \ /YN /L
o el <109 . <105> <114> <113z
v <1053 : E |
R a— \Jr ! e
spaoo) ./ N / : \ A
! /<104> ! 7X ! 1A( : 7 :
PR <111> | Lo
Stop  Start Restart Stop
condition condition condition condition
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

A/D Converter

(Ta =-40to +85°C, Vob = EVop = AVRrRero = 2.7t0 5.5V, Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error**** AINL 4.0<AVrero<5.5V +0.2 0.4 %FSR

2.7<AVrer0<4.0V +0.3 +0.6 %FSR
Conversion time tconv 4.0<AVrRer0<5.5V 14 100 7S]
2.7<AVrer0 4.0V 17 100 7S]
Zero-scale error™®®* Ezs 4.0<AVRer0< 5.5V +0.4 %FSR
2.7<AVrer0£4.0V +0.6 %FSR
Full-scale error*** Ets 4.0<AVrer0< 55V +0.4 %FSR
2.7<AVrer0£4.0V +0.6 %FSR
Non-linearity error"*? ILE 40<AVrer0< 55V 25 LSB
2.7<AVrero £ 4.0V +4.5 LSB
Differential linearity DLE 4.0 <AVrer0< 5.5V +1.5 LSB
error™** 2.7 < AVrero < 4.0V £2.0 LSB
Analog input voltage Vian 0 AVReFo \%
AVRrero current A=) When using A/D converter 1.3 2.5 mA
When not using A/D converter 1.0 T.B.D. LA
Notes 1. Excluding quantization error (+0.05 %FSR).
2. Excluding quantization error (0.5 LSB).
Remark LSB: Least Significant Bit
FSR: Full Scale Range
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Flash Memory Programming Characteristics
(Ta =-10to +65°C, Vop = EVpp = AVRero = 2.710 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

(1) Basic characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Programming operation REGC =Vop=4.5t05.5V 2 20 MHz
frequency REGC =Vopo=4.0t05.5V 2 16 MHz

REGC = Capacity, Voo = 4.0t0 5.5V 2 ghoet MHz

REGC =Vopb=2.7t055V 2 ghoet MHz
Supply voltage Vob 2.7 55 \%
Overall erase time terA T.B.D. s
Write time twrw T.B.D. S
Number of rewrites Cerwr Note 2 100 Times

Notes 1. These values may change after evaluation.
2. When writing initially to shipped products, it is counted as one rewrite for both “erase to write” and “write
only”.

Example (P: Write, E: Erase)
Shipped product ——=P -E-P - E-P: 3 rewrites
Shipped product - E-P-E-P-E-P: 3rewrites

(2) Serial write operation characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Setup time from Voot to FLMDO1 top T.B.D. s

Release time from FLMDO+t to RESET1t ter T.B.D. 7S

Start time from RESET1t to FLMDO trp T.B.D. s

pulse input

End time from RESETt to FLMDO pulse tere T.B.D. ms

input

FLMDO pulse high-/low-level width tpw T.B.D. T.B.D. s

Input time from RESET1 to 1st low data tr1 When UART communication T.B.D. S
is selected

Input time from 1st low data input to 2nd t12 When UART communication T.B.D. S

low data is selected

Input time from 2nd low data input to toc When UART communication T.B.D. S

reset command is selected

Low data input width tu/tz | When UART communication 9600 bps
is selected

Input time from RESET1 to reset tre When CSI or CSI-HS T.B.D. S

command communication is selected
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CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-POWER FLASH MEMORY VERSION) (TARGET)

Flash Write Mode Setting Timing

(a) Serial write operation timing (UART)

Vob / i
FLMDO /

FLMD1 oV
((
M
/ )
RESET /
-~ Reset
ter command
(( b
TXDO J ;
(( L
)]
RXDO J
tR1 ! L1 M t12 I e thc

Remark The FLMDO pulse does not have to be input for UARTO communication.

(b) Serial write operation timing (CSI00, CSI00-HS)

VDD _/
FLMDO | _/—\ J_\Jl—

top trw tpw
FLMD1 oV
i
[ (
I / )]
RESET /
Reset
teR trp trPE command
[ ( b
SCK / "’
[ ( b
1)
SO /
(( -
)]
s/
trc
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CHAPTER 28 ELECTRICAL SPECIFICATIONS
(STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-
POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)
Standard products are as follows.
(uPD703208, 703208Y, 703209, 703209Y, 703210, 703210Y, 70F3210, 70F3210Y

(A) grade products are as follows.

1PD703208(A), 703208Y(A), 703209(A), 703209Y(A), 703210(A), 703210Y(A), 70F3210(A) , 70F3210Y(A)
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbol Conditions Ratings Unit
Supply voltage Voo Voo = EVop = AVRrero -0.3t0 +6.5 \%
Vep Flash memory version, Note 1 -0.3to +10.5 \%
EVoo Vop = EVob = AVRero -0.3t0 +6.5 \
AVRerFo Vop = EVop = AVRero -0.3to +6.5 \%
Vss Vss = EVss = AVss -0.3to0 +0.3 \Y
AVss Vss = EVss = AVss -0.3t0 +0.3 \%
EVss Vss = EVss = AVss -0.3to0 +0.3 \Y
Input voltage Viu POO to P06, P30 to P35, P38, P39, P40 to P42, -0.3to EVop + 0.3"°? Vv
P50 to P55, P90, P91, P96 to P99, P913 to P915,
PCMO to PCM3, PCSO0, PCS1, PCTO, PCT1,
PCT4, PCT6, PDLO to PDL15, RESET
Vi2 X1, X2, XT1, XT2 -0.3 to Voo + 0.3"°*
Analog input voltage Vian P70 to P77 -0.3 to AVrero+ 0.3"?

Notes 1. Make sure that the following conditions of the Ve voltage application timing are satisfied when the flash

memory is written.

¢ When supply voltage rises
Vpep must exceed Vob 15 s or more after Voo has reached the lower-limit value (2.7 V) of the operating
voltage range (see a in the figure below).

¢ When supply voltage drops
Vob must be lowered 10 s or more after Vep falls below the lower-limit value (2.7 V) of the operating
voltage range of Vop (see b in the figure below).

2. Be sure not to exceed the absolute maximum ratings (MAX. value) of each supply voltage.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbol Conditions Ratings Unit

Output current, low loL P00 to P06, P30 to P35, P40 to P42, | Per pin 20 mA
P50 to P55, P90, P91, P96 to P99,
P913 to P915, PCMO to PCM3,
PCSO, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

P38, P39 30 mA
P00 to P06, P30 to P35, P38, P39, | Total of all 35 mA
P40 to P42 pins:

P50 to P55, P90, P91, P96 to P99, | 70 MA 35 mA

P913 to P915, PCMO to PCM3,
PCSO0, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

Output current, high low Per pin -10 mA
P00 to P06, P30 to P35, P40 to P42 | Total of all -30 mA
P50 to P55, P90, P91, P96 to P99, | Pins: -30 mA
P913 to P915, PCMO to PCM3, ~60 mA

PCSO0, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

Operating ambient Ta -40 to +85 °C

temperature

Storage temperature Tstg Mask ROM version —-65 to +150 °C
Flash memory version —-40 to +125 °C

Cautions 1. Do not directly connect the output (or I/O) pins of IC products to each other, or to Voo, Vcc, and
GND. Open-drain pins or open-collector pins, however, can be directly connected to each other.
Direct connection of the output pins between an IC product and an external circuit is possible, if
the output pins can be set to the high-impedance state and the output timing of the external
circuit is designed to avoid output conflict.

2. Product quality may suffer if the absolute maximum rating is exceeded even momentarily for
any parameter. That is, the absolute maximum ratings are rated values at which the product is
on the verge of suffering physical damage, and therefore the product must be used under
conditions that ensure that the absolute maximum ratings are not exceeded. The ratings and
conditions indicated for DC characteristics and AC characteristics represent the quality
assurance range during normal operation.

Capacitance (Ta = 25°C, Vob = EVob = AVRero = Vss = EVss = AVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input capacitance Ci fx =1 MHz P70 to P77 15 pF
I/0 capacitance Cio Unmeasured pins Note 15 pF
returned to O V P38, P39 20 oF

Note POQO to P06, P30 to P35, P40 to P42, P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO,
PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to PDL15

Remark fx: Main clock oscillation frequency
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Operating Conditions

(Ta =-40to +85°C, Vob = EVob = AVRrero = 2.7 10 5.5V, Vss = EVss = AVss = 0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Internal system clock ferk REGC =Vop =5V £10% 0.25 20 MHz
frequency In PLL mode (fx = 2 to 5 MHz)

REGC = Capacity, Voo =4.0t0 5.5V 0.25 16 MHz
In PLL mode (fx = 2 to 4 MHz)
REGC =Vopb=2.7t055V 0.0625 10 MHz
REGC =Vop=2.7t05.5V, 32.768 kHz
operating with subclock
Remark fx: Main clock oscillation frequency
Internal System Clock Frequency vs. Supply Voltage
100 ———mmmmm ¥
' i When REGC = Capacity
§ ________ S
=3
% 200
< 16.0 el Nt
a '
g 100 :
5] n
=} N
o 1
g :
< :
[8] 1
o h
© i
E 1
I 1.0 :
0
2 ;
@ '
I i
E '
) l
= :
0.1 :
0.032 :
0.01
2.0 3.0 4.0 5.0 6.0
Supply voltage Voo [V]
PLL Characteristics (Ta = —40 to +85°C, Voo =2.7t0 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input frequency fx 2 5 MHz
Output frequency fxx 8 20 MHz
Lock time teLL After Voo reaches 2.7 V (MIN.) 200 7S
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Main Clock Oscillator Characteristics (Ta = —40to +85°C, Voo = 2.7t0 5.5V, Vss=0V)

Resonator Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Ceramic Oscillation frequency 2 10 MHz
resonator | X1 X2 | ()"
0 Oscillation After reset is 2°/fx s
stabilization time"**? | released
! After STOP mode is Note 3 S
released
Crystal | | Oscillation frequency 2 10 MHz
X1 X2 Note 1
resonator (fx)
Oscillation After reset is 2°/fx s
stabilization time™°? | released
After STOP mode is Note 3 S
released
External X1, X2 input REGC = Vop 2 10 MHz
clock | X1 X2 | frequency (fx) Duty = 50% 5%

External clock

Notes 1. Indicates only oscillator characteristics.
2. Time required to stabilize the resonator after reset or STOP mode is released.
3. The value differs depending on the OSTS register settings.

Cautions 1. When using the main clock oscillator, wire as follows in the area enclosed by the broken lines in
the above figures to avoid an adverse effect from wiring capacitance.

« Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

« Do not route the wiring near a signal line through which a high fluctuating current flows.
« Always make the ground point of the oscillator capacitor the same potential as Vss.

« Do not ground the capacitor to a ground pattern through which a high current flows.

« Do not fetch signals from the oscillator.

2. When the main clock is stopped and the device is operating on the subclock, wait until the

oscillation stabilization time has been secured by the program before switching back to the
main clock.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

(i) Murata Manufacturing Co., Ltd.: Ceramic resonator (Ta = —40 to +85°C)

Manufacturer Product Name Type Oscillation Recommended Circuit Constant Oscillation Voltage
Frequency Range
bc(MHZ) | 1 (pF) | c2(pF) | RA(kQ) | MIN. (V) | MAX. (V)
Murata Mfg. CSTCC2M00G56-R0O SMD 2.000 47 47 0 2.7 5.5
Co., Ltd. CSTCC3M00G56-R0 SMD 3.000 47 47 0 27 55
CSTCR4MO00G55-R0 SMD 4.000 39 39 0 2.7 55
CSTLS4M00G56-B0 47 47 0 2.7 5.5
CSTCR5M00G55-R0 SMD 5.000 39 39 0 2.7 5.5
CSTLS5M00G56-B0 47 47 0 2.7 5.5
CSTCE10M0G52-R0O SMD 10.000 10 10 0 2.7 55
CSTLS10M0G53-B0 15 15 0 2.7 5.5
CSTCC2MOO0G56A-R0 SMD 2.000 47 47 0 2.7 55
CSTCC3MO0O0G56A-R0O SMD 3.000 47 47 0 2.7 5.5
CSTCR4MOOG55A-R0 SMD 4.000 39 39 0 2.7 55
CSTCR5MO00G55A-R0 SMD 5.000 39 39 0 2.7 55
CSTCE10MOG52A-R0 SMD 10.000 10 10 0 2.7 5.5
Caution This oscillator constant is a reference value based on evaluation under a specific environment by

the resonator manufacturer. If optimization of oscillator characteristics is necessary in the actual
application, apply to the resonator manufacturer for evaluation on the implementation circuit.

The oscillation voltage and oscillation frequency indicate only oscillator characteristics.

Use the

V850ES/KF1 so that the internal operating conditions are within the specifications of the DC and AC

characteristics.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Subclock Oscillator Characteristics (Ta = —40 to +85°C, Vop = 2.7t0 5.5V, Vss =0 V)

Resonator Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Crystal | | Oscillation frequency 32 32.768 35 kHz
XT1 XT2 Note 1
resonator (fxT)
Oscillation 10 s
stabilization time"**?
External | | XT1 input frequency | REGC = Vop 32 35 kHz
XT1 XT2 Note 1
clock (fxT)
g& Duty = 50% +5%
External clock
Notes 1. Indicates only oscillator characteristics.
2. Time required from when Vob reaches oscillation voltage range (2.7 V (MIN.)) to when the crystal

resonator stabilizes.

Cautions 1. When using the subclock oscillator, wire as follows in the area enclosed by the broken lines in
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the above figures to avoid an adverse effect from wiring capacitance.

« Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

« Do not route the wiring near a signal line through which a high fluctuating current flows.
« Always make the ground point of the oscillator capacitor the same potential as Vss.

« Do not ground the capacitor to a ground pattern through which a high current flows.

« Do not fetch signals from the oscillator.

2. The subclock oscillator is designed as a low-amplitude circuit for reducing power consumption,

and is more prone to malfunction due to noise than the main clock oscillator. Particular care is
therefore required with the wiring method when the subclock is used.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

DC Characteristics

(Ta =—40 to +85°C, Vob = EVpp = AVRero = 2.7 t0 5.5 V, Vss = EVss = AVss = 0 V) (1/4)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, high loH1 Per pin for P00 to P06, P30 to P35, P40 to -5.0 mA
P42, P50 to P55, P90, P91, P96 to P99, P913
to P915, PCMO to PCM3, PCSO0, PCST,
PCTO, PCT1, PCT4, PCT6, PDLO to PDL15
Total of POO to P06, P30 | EVoo=4.0t0 5.5V -30 mA
to P35, P40 to P42 EVoo=2.7105.5V -15 mA
Total of P50 to P55, EVop=4.0t0 5.5V -30 mA
P90, P91, P96 10 P99, | pypp—271055V -15 mA
P913 to P915, PCMO to
PCM3, PCSO0, PCS1,
PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15
Output current, low loL1 Per pin for P00 to P06, P30 to P35, P40 to 10 mA
P42, P50 to P55, P90, P91, P96 to P99, P913
to P915, PCMO to PCM3, PCS0, PCS1,
PCTO, PCT1, PCT4, PCT6, PDLO to PDL15
Per pin for P38, P39 EVop=4.0t0 5.5V 15 mA
EVop=2.71t05.5V 8 mA
Total of POO to P06, P30 to P35, P40 to P42 30 mA
Total of P38, P39, P50 to P55, P90, P91, P96 30 mA
to P99, P913 to P915, PCMO to PCM3, PCSO0,
PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to
PDL15
Input voltage, high ViH1 Note 1 0.7EVop EVoo \
ViHz Note 2 0.8EVop EVop \
ViHs P70 to P77 0.7AVERero AVRero \%
ViHa X1, X2, XT1, XT2 Voo—- 0.5 Vob \
Input voltage, low ViLt Note 1 EVss 0.3EVop Vv
Vi Note 2 EVss 0.2EVoD \
Vi P70 to P77 AVss 0.3AVRero \%
ViLa X1, X2, XT1, XT2 Vss 0.4 \

Notes 1. P00, P01, P30, P41, P98, PCMO to PCM3, PCS0, PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to PDL15 and
their alternate-function pins.

2. RESET, P02 to P06, P31 to P35, P38, P39, P40, P42, P50 to P55, P90, P91, P96, P97, P99, P913 to

P915 and their alternate-function pins.

User's Manual U16891EJ1VOUD

697



CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

DC Characteristics
(Ta=-40to +85°C, Vop = EVbp = AVRero = 2.7 10 5.5V, Vss = EVss = AVss = 0 V) (2/4)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, high Vo1 Note 1 lon = =2.0 mA, EVop- 1.0 EVop \%
EVop =4.0t0 5.5V
Note 2 lon = =0.1 mA, EVoo—-0.5 EVop \Y
EVop=2.7t055V
Output voltage, low Vou1 Note 3 loL = 2.0 mA™** 0 0.8 \Y
VoLz2 P38, P39 lo = 15 mA, 0 2.0 \Y
EVop=4.0t0 5.5V
loL =8 mA, 0 1.0 \%
EVop =3.0t0 55V
lo. =5 mA, 0 1.0 \Y
EVop=2.7t055V
Input leakage current, high Ium Vin = Vob 3.0 LA
Input leakage current, low I Vin=0V -3.0 LA
Output leakage current, high| Ion Vo = Vop 3.0 LA
Output leakage current, low lLou Vo=0V -3.0 LA
Pull-up resistor Ru Vin=0V 10 30 100 kQ

Notes 1. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: lon = =30 mA,

total of P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO0, PCS1, PCTO, PCT1,
PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: los = =30 mA.

2. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: lon = -15 mA,
total of P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO0, PCS1, PCTO, PCT1,
PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lon = =15 mA.

3. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: lo. = 30 mA,
total of P38, P39, P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCS0, PCS1, PCTO,
PCT1, PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lo. = 30 mA.

4. Refer to lo.1for loL of P38 and P39.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

DC Characteristics

(Ta=-40to +85°C, Vop = EVob = AVRero = 2.71t0 5.5V, Vss = EVss = AVss = 0 V) (3/4)

Parameter

Symbol

Conditions

MIN.

TYP.

MAX.

Unit

Note

Supply current
(flash memory version)

Ibp1

Normal
operation

fxx = 20 MHz (fx = 5 MHz)
(in PLL mode)
REGC = Vop =5V +10%

43

60

mA

fxx = 16 MHz (fx = 4 MHz)
(in PLL mode)

REGC = Capacity

Voo =5V £10%

27

40

mA

fxx = 10 MHz (fx = 10 MHz)
REGC = Voo = 3V +10%

14

29

mA

Ibp2

HALT
mode

fxx = 20 MHz (fx = 5 MHz)
(in PLL mode)
REGC =Voo =5V +10%

18

28

mA

fxx = 16 MHz (fx = 4 MHz)
(in PLL mode)

REGC = Capacity

Voo =5V £10%

11

20

mA

fxx = 10 MHz (fx = 10 MHz)
REGC = Voo =3V +10%

11

mA

Ibps

IDLE mode

fx =5 MHz
(when PLL mode off)
REGC = Voo =5V £10%

1200

2000

fx = 4 MHz

(when PLL mode off)
REGC = Capacity
Voo =5V +10%

900

1600

fx = 10 MHz
(when PLL mode off)
REGC =Voo =3V +10%

900

1600

Ibpa

Subclock
operating
mode

fxr = 32.768 kHz
Main clock stopped

190

320

Ibps

Subclock
IDLE mode

fxr = 32.768 kHz
Main clock stopped,
watch timer operating

15

60

Ibpe

STOP
mode

Subclock stopped (XT1 = Vss,
when PSMR.XTSTP bit = 1)

0.1

30

Note Total current of Voo and EVop (all ports stopped). AVrerois not included.

Remark fxx: Main clock frequency

fx:  Main clock oscillation frequency
fxt: Subclock frequency
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

DC Characteristics
(Ta=-40to +85°C, Vop = EVbp = AVRero = 2.7 10 5.5V, Vss = EVss = AVss = 0 V) (4/4)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply current™** Ibb1 Normal fxx = 20 MHz (fx = 5 MHz) 30 45 mA
(mask ROM version) operation (in PLL mode)

REGC = Voo =5V +10%
fxx = 16 MHz (fx = 4 MHz) 18 30 mA

(in PLL mode)
REGC = Capacity
Voo =5V £10%

fxx = 10 MHz (fx = 10 MHz) 9 18 mA
REGC = Voo = 3V £10%

Ibp2 HALT mode fxx = 20 MHz (fx = 5 MHz) 17 25 mA
(in PLL mode)
REGC =Voo =5V +10%

fxx = 16 MHz (fx = 4 MHz) 10 18 mA
(in PLL mode)
REGC = Capacity
Voo =5V £10%

fux = 10 MHz (fx = 10 MHz) 5 10 mA
REGC = Voo =3V +10%
Iopa IDLE mode fx =5 MHz 900 1400 HA

(when PLL mode off)
REGC = Voo = 5V £10%""?

fx = 4 MHz 600 1000 LA
(when PLL mode off)
REGC = Capacity
Voo =5V +10%

fx = 10 MHz 600 1000 LA
(when PLL mode off)
REGC =Voo =3V +10%

Ibpa Subclock fxr = 32.768 kHz 70 160
operating mode | Main clock stopped

lops Subclock IDLE | fxr = 32.768 kHz 15 60
mode Main clock stopped,

watch timer operating

Iobe STOP mode Subclock stopped (XT1 = Vss, 0.1 30 HA
when PSMR.XTSTP bit = 1)

Notes 1. Total current of Vop and EVop (all ports stopped). AVrero is not included.
2. When the capacitance of the capacitor in the oscillator is 15 pF.

Remark fxx: Main clock frequency

fx:  Main clock oscillation frequency
fxt: Subclock frequency
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Data Retention Characteristics

STOP Mode (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention voltage VDDDR STOP mode 2.0 55 \%
STOP release signal input time torREL 0 7S

Caution Shifting to STOP mode and restoring from STOP mode must

operating range.

be performed within the rated

Operating voltage lower limit —w—
Voo

RESET (input)

STOP mode release interrupt (NMI, etc.)
(Released by falling edge)

STOP mode release interrupt (NMI, etc.)
(Released by rising edge)

STOP mode setting

STOP release signal input
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

AC Characteristics

AC Test Input Measurement Points (Vob, AVrero, EVbp)

Voo

Vin ViH
Measurement points
oV ViL ViL
AC Test Output Measurement Points
Vo Vo
Measurement points
VoL Vou

Load Conditions

DUT
(Device under
measurement)

;CL=5OPF

Caution If the load capacitance exceeds 50 pF due to the circuit configuration, bring the load
capacitance of the device to 50 pF or less by inserting a buffer or by some other means.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

CLKOUT Output Timing

(Ta =-40to +85°C, Vob = EVob = AVRrero = 2.7 10 5.5V, Vss = EVss = AVss = 0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
Output cycle tevk <1> 50 ns 30.6 s
High-level width twkH <2> | \Vpp=4.0t05.5V tevk/2 = 17 ns
Vob =2.7t05.5V tcvk/2 — 26 ns
Low-level width twkL <3> | Vop=4.0105.5V tevk/2 — 17 ns
Vob=2.7t05.5V tcvk/2 — 26 ns
Rise time tr <4> | \iop=4.0t055V 17 ns
Vob=2.7t05.5V 26 ns
Fall time te <5> | \iop=4.0t055V 17 ns
Voo =2.7t05.5V 26 ns
Clock Timing
<1>
<2> <3>
\ /
CLKOUT (output) S
<4> <5>
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Bus Timing

(1) Read/write cycle

(a) Read/write cycle (CLKOUT asynchronous)

(Ta = —40 to +85°C, Voo = EVbp = AVRero = 4.0 t0 5.5V, Vss = EVss = AVss = 0 V, CL = 50 pF) (1/2)

Parameter Symbol Conditions MIN. MAX. Unit

Address setup time (to ASTB!) tsast <6> (0.5 + tasw)T - 23 ns
Address hold time (from ASTB1) tHsTA <7> (0.5 + tasw)T - 15 ns
Delay time from RD! to address float tFRDA <8> 16 ns
Data input setup time from address tsaip <9> (2+n+tasw+taw)T-40| ns
Data input setup time from RD! tsriD <10> (L+n+taswttam)T-25| ns
Delay time from ASTB! to ﬁ) WRm! {DSTRDWR <11> (0.5 + tanw)T — 20 ns
Data input hold time (from ﬁr) tHRDID <12> 0 ns
Address output time from EDT torDA <13> 1+)T-16 ns
Delay time from ﬁ,WT to ASTB1 tDRDWRST <14> 0.5T -10 ns
Delay time from RDt to ASTB! torDsT <15> (1.5+i+ tasw)T — 10 ns
R_D, WRmM low-level width twRDWRL <16> A+n)T-10 ns
ASTB high-level width twsTH <17> (1 + tasw)T - 25 ns
Data output time from WRm! towrob <18> 20 ns
Data output setup time (to WRm1) tsoowR <19> (1+n)T-25 ns
Data output hold time (fromWT) tHwRroOD <20> T-15 ns
‘WAIT setup time (to address) tsawTs <21> [n=21 (L5 +tasw+tew)T-45 | ns
tsawt2 <22> (15+n+tasw+taw)T-45| ns

"WAIT hold time (from address) tHAWTL <23> (n=1 (0.5 +n + tasw + tanw) T ns
tHawT2 <24> (1.5 +n + tasw + tanw) T ns

Wsetup time (to ASTB!) tssTwT1 <25> |nz1 (1 + tanw) T - 32 ns
tsstwr2 <26> A +n+ tanw)T — 32 ns

WAIT hold time (from ASTB1) tisTwr <27> |n=1 (N + tanw) T ns
tHsTwWT2 <28> A +n+tamw)T ns

Remarks 1. tasw: Number of address setup wait clocks
tanw: Number of address hold wait clocks
2. T = l/fcpu (fcpu: CPU operating clock frequency)
3. n: Number of wait clocks inserted in the bus cycle
The sampling timing changes when a programmable wait is inserted.
4, m=0,1
5. i: Number of idle states inserted after a read cycle (0 or 1)
6. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

(Ta=-40to +85°C, Vop = EVop = AVRrero = 2.7 10 5.5V, Vss = EVss = AVss =0V, CL =50 pF) (2/2)

Parameter Symbol Conditions MIN. MAX. Unit

Address setup time (to ASTB!) tsast <6> (0.5 + tasw)T — 42 ns
Address hold time (from ASTB!) tHsTA <7> (0.5 + tasw)T - 30 ns
Delay time from RD! to address float trrRDA <8> 32 ns
Data input setup time from address tsap <9> (24 0+ tasw + tanw) T - 72 ns
Data input setup time from ﬁ)l tsriD <10> (L1410 + tasw + tanw) T - 40 ns
Delay time from ASTB! to ﬁa,W¢ {DSTRDWR <11> (0.5 + tanw)T - 35 ns
Data input hold time (from ET) tHRDID <12> 0 ns
Address output time from RD1 torDA <13> a+i)T-32 ns
Delay time from RD, WRm1 to ASTB1 | torowrsT <14> 0.5T - 20 ns
Delay time from RD1 to ASTB! torDsT <15> (A.5+i+tasw)T - 20 ns
ﬁ),m low-level width TWRDWRL <16> (1+nT-20 ns
ASTB high-level width twsTH <17> (1 + tasw)T - 50 ns
Data output time from WRm! towrop <18> 35 ns
Data output setup time (to mr) tsobwr <19> (1+n)T-40 ns
Data output hold time (from WRm1) tHwRrOD <20> T-30 ns
Wsetup time (to address) tsawT1 <21> n=z1 (1.5 + tasw + tarnw) T - 80 ns

tsawr2 <22> (L5+n+ tasw + tasw) T - 80 ns
'WAIT hold time (from address) tHAWTL <23>|n=z=1 (0.5 +n + tasw + tanw) T ns

tHawT2 <24> (1.5 +n + tasw + tanw) T ns
WAIT setup time (to ASTBL) tssTwra <25> | n=z1 (1 + tanw) T — 60 ns

tsstwr2 <26> (1+n+taww)T - 60 ns
'WAIT hold time (from ASTB1) tHsTwrL <27> | n=1 (N + tarnw) T ns

tHsTWT2 <28> (1 +n+tanw)T ns

Caution Set the following in accordance with the usage conditions of the CPU operating clock frequency (k

=0, 1).

70 ns < 1/fcpu < 84 ns

Set an address setup wait (AWC.ASWK bit = 1).

e 62.5ns < 1/fcru<70ns

Set an address setup wait (ASWK bit = 1) and address hold wait (AWC.AHWK bit = 1).

Remarks 1.

tasw: Number of address setup wait clocks

tanw: Number of address hold wait clocks

2. T = 1/fcru (fcpu: CPU operating clock frequency)

3. n: Number of wait clocks inserted in the bus cycle

The sampling timing changes when a programmable wait is inserted.

4, m=0,1

5. i Number of idle states inserted after a read cycle (0 or 1)

6. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Read Cycle (CLKOUT Asynchronous)

‘ T1 ‘ T2 ‘ ™ ‘ T3 ‘

s /_\_/_\_/_\_/_\_/_\

/ /
CSO0, CS1 (output) >< ><
N\ \
<9>
/ L\ Hi-Z [
ADO to AD15 (I/Q) ====---- >< Address >-> ----------------------- < Data  |)============-=--e- <
N\ 7
<6> <7>
7 \ — <12>
ASTB (output) _/ \
N\ N
<17>
<13>
<8>
<11> <10> <14>
_ § <15>
RD (output)
\
<16>
<25>
<27>
<26>
<28>
/4 h
WAIT (input) \ / / \
N Z
<21>
<23>
<22>
<24>

Remark WRO0 and WR1 are high level.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Write Cycle (CLKOUT Asynchronous)

o

T2

‘ W

T3

/
CSO0, CS1 (output) ><
\

/
ADO to AD15 (I/O) ------- >< Address

A7

Data

e

<6> <7>

ASTB (output) _/ <17> \

<18>

CLKOUT (output) _///____1\\\____j//r___q\\\____j//r___—\\\____J//f___-\\\____J//r____\\\_

X

WAIT (input) \

<14>
<11> <19> <20>
WRO (output),
WR1 (output) <
<16>
<25>
<27>
<26>
<28>

<21>

<23>

<22>

<24>

Remark RD is high level.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

(b) Read/write cycle (CLKOUT synchronous)

(Ta =-40to +85°C, Vop = EVop = AVRero = 4.0t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF) (1/2)

Parameter Symbol Conditions MIN. MAX. Unit
Delay time from CLKOUT1 to address toka <29> 0 19 ns
Delay time from CLKOUT1 to address trka <30> 0 14 ns
float
Delay time from CLKOUT! to ASTB toksT <31> 0 23 ns
Delay time from CLKOUTt to RD, WRm toKROWR <32> -22 0 ns
Data input setup time (to CLKOUT1) tsiok <33> 15 ns
Data input hold time (from CLKOUT1) tHkiD <34> 0 ns
Data output delay time from CLKOUT 1 tokop <35> 19 ns
WAIT setup time (to CLKOUT!) tswrk <36> 15 ns
WAIT hold time (from CLKOUT ) thkwr <37> 0 ns

Remarks 1. m=0, 1
2. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.

(Ta =-40to +85°C, Vop = EVop = AVRero = 2.71t0 5.5V, Vss = EVss = AVss = 0 V, CL =50 pF) (2/2)

Parameter Symbol Conditions MIN. MAX. Unit
Delay time from CLKOUT1 to address toka <29> 0 19 ns
Delay time from CLKOUT1 to address trka <30> 0 18 ns
float
Delay time from CLKOUT! to ASTB toksT <31> 0 55 ns
Delay time from CLKOUT1 to RD, WRm tDKRDWR <32> -22 0 ns
Data input setup time (to CLKOUT1) tsibk <33> 30 ns
Data input hold time (from CLKOUT1) tHKID <34> 0 ns
Data output delay time from CLKOUT tokop <35> 19 ns
WAIT setup time (to CLKOUT) tswrk <36> 25 ns
WAIT hold time (from CLKOUT}) tHKWT <37> 0 ns

Remarks 1. m=0,1
2. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Read Cycle (CLKOUT Synchronous)

CLKOUT (output)

CS0, CS1 (output)

ADO to AD15 (I/O)

ASTB (output)

RD (output)

WAIT (input)

T1

\_/ N\ /

T3 \

<33> k34>
<30>
Hi-Z
Address L LR EELEEEEEEELE -- Data e
<31>
<31>
<32> <32>

\

<36>

<37>

<36> <37>

Remark WRO and WR1 are high level.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Write Cycle (CLKOUT Synchronous)

‘ T1 ‘ T2 ‘ W ‘ T3 ‘
CLKOUT (output) I \ I \ / \ \_/_\
<29>
CS0, CS1 (output) 1 ><
<35>
ADO to AD15 (I/Q) ======-~ >< Address > Data ><
<31> <31>
ASTB (output)
WRO (output),
WR1 (output) 7
<32> »<32>
7 l
WAIT (input) \ / /
X i
<36> |<37> <36> <37>

Remark RD is high level.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

(2) Bus hold

(&) CLKOUT asynchronous

(Ta=-40to +85°C, Vop = EVop = AVRrRero = 4.0t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF) (1/2)

Parameter Symbol Conditions MIN. MAX. Unit
HLDRQ high-level width twHgH <78> T+10 hs
HLDAK low-level width twHAL <79> T-15 ns
Delay time from HLDAK 1 to bus output toHAc <80> -40 ns
Delay time from WRQL to HLDAK! tDHQHAL <81> (2n+7.5)T +40 ns
Delay time from HLDRQ1 to HLDAK1 tDHQHA2 <82> 0.5T 1.5T +40 ns

Remarks 1. T = 1/fcru (fcru: CPU operating clock frequency)

2. n: Number of wait clocks inserted in the bus cycle

The sampling timing changes when a programmable wait is inserted.

3. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.

(Ta =-40to +85°C, Vop = EVop = AVRero = 2.7 10 5.5V, Vss = EVss = AVss =0V, CL =50 pF) (2/2)

Parameter Symbol Conditions MIN. MAX. Unit
HLDRQ high-level width twhgH <78> T+10 ns
HLDAK low-level width twraL <79> T-15 ns
Delay time from HLDAK? to bus output toHAC <80> -80 ns
Delay time from WF\’QL to HLDAK {DHQHAL <81> (2n+7.5)T+70 ns
Delay time from mT to HLDAK toHQHA2 <82> 0.5T 1.5T+70 ns

Remarks 1. T = 1/fcpru (fcru: CPU operating clock frequency)
2. n: Number of wait clocks inserted in the bus cycle

The sampling timing changes when a programmable wait is inserted.

3. The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Bus Hold (CLKOUT Asynchronous)

CLKOUT (output) /—\
\ /
HLDRQ (input) /

<81> <82>

<78>

HLDAK (output) \

ADO to AD15 (1/O) >< > ........... ffememand L

CS0, CS1 (output) / \ .......... f{mmmnan HiZ e

ASTB (output) / \ .......... d{ememnan HiZ .

o __RD (output), \ .......... ffmmmnnn L
WRO (output), WR1 (output)
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

(b) CLKOUT synchronous

(Ta =-40to +85°C, Vop = EVop = AVRero = 4.0t0 5.5V, Vss = EVss = AVss =0V, CL =50 pF) (1/2)

Parameter Symbol Conditions MIN. MAX. Unit
m setup time (to CLKOUT!) tsHoK <83> 15 ns
HLDRQ hold time (from CLKOUT ) thkro <84> 0 ns
Delay time from CLKOUT1 to bus float tokF <85> 20 ns
Delay time from CLKOUT1 to HLDAK tokHA <86> 20 ns

Remark The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.

(TA=-40to +85°C, Vop = EVop = AVRrRero = 2.7 10 5.5V, Vss = EVss = AVss =0 V, CL =50 pF) (2/2)

Parameter Symbol Conditions MIN. MAX. Unit
m setup time (to CLKOUT!) tsHok <83> 25 ns
m hold time (from CLKOUT!) tHKHQ <84> 0 ns
Delay time from CLKOUT1 to bus float tokr <85> 40 ns
Delay time from CLKOUTt to HLDAK toKHA <86> 40 ns

Remark The values in the above specifications are values for when clocks with a 1:1 duty ratio are input from X1.

Bus Hold (CLKOUT Synchronous)

CLKOUT (output)

<83

HLDRQ (input)

<84>

T3

TI

TH

TH TH

<83>

<86>

HLDAK (output)

<86>

ADO to AD15 (I/O)

CS0, CS1 (output)

ASTB (output)

RD (output),
WRO (output), WR1 (output)

/

I
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Basic Operation

(1) Reset/external interrupt timing

(Ta=-40to +85°C, Vobo = EVbp = AVRero = 2.710 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

RESET low-level width twrsL1 | <87> | Reset in power-on status 2 s
twrsL2 | <88> | Power-on-reset when REGC = Vob 2 7S]

Note | tvr > 150 is 10 )7

tvr < 150 15 40 )7

NMI high-level width twiH <89> | Analog noise elimination 1 7S
NMI low-level width twNIL <90> | Analog noise elimination 1 )7
INTPn high-level width twith <91> | n=0to 6 (analog noise elimination) 600 ns
INTPn low-level width twitL <92> | n =0 to 6 (analog noise elimination) 600 ns

Note Power-on-reset when REGC = Capacity
Remarks 1. tvr: Time required for Vop to reach 0 V to 4.0 V (= operation lower-limit voltage)

2. The above specification shows the pulse width that is accurately detected as a valid edge. If a pulse
narrower than the above specification is input, therefore, it may also be detected as a valid edge.

Reset/Interrupt

Vop
<88> <87>
RESET (input)
<89> [ <90>
NMI (input)
<91> [ <92>

INTPn (input)

Remark n=0to6
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Timer Timing
(TA =—-40to +85°C, Vob = EVpp = AVRero = 2.7t0 5.5V, Vss = EVss = AVss =0V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
TIOn high-level width tron | <93> | REGC = Vop =5V +10% 2/fsam + 100" ns
TIONn low-level width trow | <94> | REGC = Capacity, Voo =4.0t0 5.5V, 2/fsam + 200" ns

REGC =Vop =2.7t05.5V

TI5m high-level width trish | <95> | REGC = Vop =5V £10% 50 ns

TI5m low-level width trs. | <96> | REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vop=2.7t0 5.5V

Note fsam = Timer count clock
However, fsam = fxx/4 when the TIOn valid edge is selected as the timer count clock.

Remarks 1. n=00, 01, 10, 11
m=0,1
2. The above specification shows the pulse width that is accurately detected as a valid edge. If a pulse
narrower than the above specification is input, therefore, it may also be detected as a valid edge.

Timer Input Timing

<93>/<95> [ <94>/<96>

TIOn (input)
TI5Sm (input)

Remark n=00,01, 10, 11

m=0,1
UART Timing
(Ta =-40to +85°C, Vob = EVbp = AVRrero = 2.71t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)
Parameter Symbol Conditions MIN. MAX. Unit
Transmit rate 312.5 kbps
ASCKO frequency REGC =Vop =5V +10% 12 MHz
REGC = Capacity, Voo =4.0t0 5.5V, 6 MHz
REGC =Vop=2.7t05.5V
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

CSIO Timing

(1) Master mode

(Ta =-40to +85°C, Vobo = EVbb = AVRero = 2.71t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
SCKOn cycle time tkeve <99> | REGC=Vop=4.0t055V 200 ns
REGC = Capacity, Voo =4.0t0 5.5 V, 400 ns
REGC =Vop=2.7t05.5V
SCKOn high-/low-level width tkH1, tkir | <100> tkev/2 — 30 ns
SI0On setup time (to SCKOn) tsika <101> | REGC=Vop=4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 50 ns
REGC =Vop=2.7t05.5V
SI0n hold time (from SCKOn) tksi <102> | REGC =Vop =5V £10% 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 50 ns
REGC =Vop=2.7t05.5V
Delay time from SCKOn to SOOn tkso1 <103> | REGC =Vop=4.0t05.5V 30 ns
output REGC = Capacity, Voo = 4.0 t0 5.5 V, 60 ns
REGC =Vop=2.7t05.5V
Remark n=0,1
(2) Slave mode
(Ta =-40to +85°C, Vob = EVob = AVrero = 2.71t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)
Parameter Symbol Conditions MIN. MAX. Unit
SCKOn cycle time tkeyz <99> | REGC=Vop=4.0t055V 200 ns
REGC = Capacity, Voo = 4.0t0 5.5V, 400 ns
REGC =Vop=2.7t05.5V
SCKOn high-/low-level width tkH2, tkiz | <100> | REGC = Voo =4.0t0 5.5V 45 ns
REGC = Capacity, Voo = 4.0t0 5.5V, 90 ns
REGC =Vopb=2.7t0 5.5V
SI0n setup time (to SCKOn) tsikz <101> | REGC =V =4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC=Vop=2.7t055V
SI0n hold time (from SCKOn) tsi2 <102> | REGC =V =4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop=2.7t055V
Delay time from SCKOn to SOOn tksoz2 <103> | REGC =V =4.0t05.5V 50 ns
output REGC = Capacity, Voo = 4.0 t0 5.5 V, 100 ns
REGC =Vop=2.7t05.5V

Remark n=0,1
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

<99>

<100> _ <100>

SCKOn (1/0) —\_/_J\‘_X U

$101>| |<102>

Hi-Z Hi-Z
SION (input) ====================mmsmmsmmmmmmnm s { Input data |p===================--
<103>
SOO0n (output) X Output data X

Remarks 1. When transmit/receive type 1 (CSICn.CKPn, CSICn.DAPN bits = 00)
2. n=0,1
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

CSIA Timing

(1) Master mode

(Ta =-40to +85°C, Vobo = EVbb = AVRero = 2.71t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
SCKAO cycle time tkeys <99> | REGC=Vop=4.0t05.5V 500 ns
REGC = Capacity, Voo =4.0t0 5.5V, 1000 ns
REGC =Vop=2.7t05.5V
SCKAO high-/low-level width tkH3, <100> tkeval2 — 30 ns
kL3
SIAQ setup time (to SCKAO1) tsiks <101> | REGC=Vop=4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5 V, 60 ns
REGC =Vop =2.7t05.5V
SIAO hold time (from SCKAO1) tksiz <102> | REGC =Vop=4.0t0 5.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop =2.7t05.5V
Delay time from SCKAO! to SOAQ tksos <103> | REGC =Vop=4.0t0 5.5V 30 ns
output REGC = Capacity, Voo = 4.0 t0 5.5 V, 60 ns

REGC =Vop =2.7t05.5V

(2) Slave mode

(Ta =-40to +85°C, Vobo = EVbb = AVRrero = 2.71t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

SCKAO cycle time tkcya <99> | REGC=Vop=4.0t055V 840 ns
REGC = Capacity, Voo =4.0t0 5.5V, 1700 ns
REGC =Vob=2.7t0 5.5V

SCKAO high-/low-level width tia, taa | <100> teeval2 — 30 ns

SIAO setup time (to SCKAO1) tsika <101> | REGC =V =4.0t05.5V 50 ns
REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vop =2.7t05.5V

SIAO hold time (from m)r) tksia <102> | REGC=Vop=4.0t0 5.5V 50 ns
REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vop =2.7t05.5V

Delay time from SCKAO! to SOAO | tksos <103> | REGC = Voo =4.0t05.5 V torx2+30™ | ns

output REGC = Capacity, Voo = 4.0t0 5.5 V, tyx2+60" | ns

REGC =Vop =2.7t05.5V

Note tcv: Internal clock output cycle
fxx (CSIS0.CKSA01, CSIS0.CKSAQO bits = 00), fxx/2 (CKSA01, CKSAQO bits = 01)
fxx/2? (CKSAO0L, CKSAQO bits = 10), fxx/2* (CKSA01, CKSAQO bits = 11)
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

<99>

<100> _ <100>

SCkAD (vo) —\_/l_{s_f_\_/_

<101>| {<102>

Hi-Z Hi-Z
120 () <o R ey SR

<103>

SOAO (output) >< Output data X
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

I’C Bus Mode (Y Products (Products with On-Chip I°C) Only)
(Ta=-40to +85°C, Voo = EVop = AVRrero = 2.71t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)

Parameter Symbol Normal Mode High-Speed Mode Unit
MIN. MAX. MIN. MAX.

SCLO clock frequency fewk 0 100 0 400 kHz
Bus free time tsur <104> 4.7 - 1.3 - 7S
(Between start and stop conditions)
Hold time"** tHD:STA <105> 4.0 - 0.6 - s
SCLO clock low-level width tLow <106> 4.7 - 1.3 - )73
SCLO clock high-level width tHiGH <107> 4.0 - 0.6 - 7S
Setup time for start/restart tsu:sTA <108> 4.7 - 0.6 - s
conditions
Data hold time | CBUS compatible | trppar <109> 5.0 - - - 5

master

IZC mode oNo\e 2 _ 0Nc|92 0'9N0(53 ,LB
Data setup time tsu:paT <110> 250 - 100" - ns
SDAO and SCLO signal rise time tr <111> - 1000 20 + 300 ns

0.1CbNo(e 5
SDAO and SCLO signal fall time tr <112> - 300 20 + 300 ns
0.1CbN°le 5

Stop condition setup time tsu:sto <113> 4.0 - 0.6 - y7s
Pulse width of spike suppressed by tsp <114> - - 0 50 ns
input filter
Capacitance load of each bus line Cb - 400 - 400 pF

Notes 1. At the start condition, the first clock pulse is generated after the hold time.
2. The system requires a minimum of 300 ns hold time internally for the SDAO signal (at ViHmin. of SCLO
signal) in order to occupy the undefined area at the falling edge of SCLO.
3. If the system does not extend the SCLO signal low hold time (t.ow), only the maximum data hold time
(tHo:pAT) Needs to be satisfied.
4. The high-speed mode I°C bus can be used in the normal-mode I°C bus system. In this case, set the high-
speed mode I°C bus so that it meets the following conditions.
« If the system does not extend the SCLO signal’s low state hold time:
tsu:paT =250 ns
« If the system extends the SCLO signal’s low state hold time:
Transmit the following data bit to the SDAO line prior to the SCLO line release (trmax. + tsu:bat = 1000
+ 250 = 1250 ns: Normal mode I°C bus specification).
5. Cb: Total capacitance of one bus line (unit: pF)
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

I’C Bus Mode (Y Products (Products with On-Chip I’C) Only)

<106> <107>

I R s \ | ; n
scogo) 1 b N SN -\ . / \__ /£
R N e pe<105>  <114> S I
1 <105> vl vl
E LE E E | ()() E E E ;
soroo)y 0 N / X N A \ 4
<1045 ™= £ L X T
PR <111> <112> b Lo
Stop o Start Restart Stbbu
condition condition condition condition

User's Manual U16891EJ1VOUD 721



CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

A/D Converter

(Ta =-40 to +85°C, Vob = EVpp = AVRrero = 2.7 10 5.5 V, Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error™" 4.0<AVRer0< 5.5V +0.2 +0.4 %FSR

2.7 <AVrer0<4.0V +0.3 +0.6 %FSR
Conversion time tconv 40<AVRer0 <55V 14 100 us
27<AVRer0<4.0V 17 100 Us
Zero-scale error*™®’ 4.0<AVRer0< 5.5V +0.4 %FSR
2.7<AVrero<4.0V 10.6 %FSR
Full-scale error*™" 4.0<AVRer0 <55V +0.4 %FSR
2.7<AVrero<4.0V 10.6 %FSR
Non-linearity error*** 4.0<AVReF0<5.5V 2.5 LSB
2.7<AVrer0<4.0V +4.5 LSB
Differential linearity 40<AVRer0 <55V +1.5 LSB
error'™** 2.7 <AVrero < 4.0V 2.0 LSB
Analog input voltage Vian 0 AVREFo \Y
AVrero current |IArero | When using A/D converter 1.0 2.0 mA
When not using A/D converter 1.0 10 LA

Notes 1. Excluding quantization error (+0.05 %FSR).
2. Excluding quantization error (+0.5 LSB).

Remark LSB: Least Significant Bit

FSR: Full Scale Range
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

Flash Memory Programming Characteristics

(Ta=10to 40°C, Vop = EVop = AVRrero = 2.7t0 5.5V, Vss = EVss = AVss =0 V)

(1) Basic characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Programming operation 2 10 MHz
frequency
Vee supply voltage Vpp2 During flash memory programming 9.7 10.0 10.3 \%
Voo supply current Ioo When Vep = Ver2, fxx = 10 MHz, Vop = 60 mA

55V
Vee supply current [[23 When Vep = Vep2 100 mA
Step erase time ter Note 1 0.196 0.2 0.204 S
Overall erase time terA When step erase time = 0.2 s, Note 2 20 s/area
Writeback time tws Note 3 4.9 5.0 5.1 ms
Number of writebacks Cws When writeback time = 1 ms, Note 4 100 Times
Number of erases/writebacks Cerws 16 Times
Step write time twr Note 5 49 50 51 7S
Overall write time per word twrw When step write time = 50 s (1 word = 49 510 siword
4 bytes), Note 6
Number of rewrites per area Cerwr 1 erase + 1 write after erase = 1 rewrite, 20 Count/area
Note 7

Notes 1. The recommended setting value of the step erase time is 0.2 s.

2. The prewrite time prior to erasure and the erase verify time (writeback time) are not included.
3. The recommended setting value of the writeback time is 5.0 ms.
4. Writeback is executed once by the issuance of the writeback command. Therefore, the retry count must

be the maximum value minus the number of commands issued.

5. The recommended setting value of the step writing time is 50 us.

6. 100 s is added to the actual writing time per word. The internal verify time during and after the writing is

not included.

7. When writing initially to shipped products, it is counted as one rewrite for both “erase to write” and “write

only”.

Example (P: Write, E: Erase)
Shipped product ——P -E-P - E-P: 3rewrites

Shipped product - E -PE-P-E-P: 3rewrites
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

(2) Serial write operation characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Setup time from Voot to Vept toPRSR 15 s
Setup time from Veet to RESET1 tpsrrr 10 s
Count start time from RESET* to Veer | trror 2 7
Count complete time tcount 20 ms
Ver counter high-/low-level width tenlter 8 7S
Ver pulse low-level input voltage VepL 0.8Vop 1.2Vop \%
Ver pulse high-level input voltage VepH 9.7 10.0 10.3 \%

Flash Write Mode Setting Timing

Voo
Voo
ov torRPSR trFCF teH
VepH ,
Vep VoD
VepL teu
tPsrRRF
tcounT
EVop /
RESET (input) /
ov
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CHAPTER 29 ELECTRICAL SPECIFICATIONS ((Al) GRADE PRODUCTS)

(A1) grade products are as follows.

(PD703208(A1), 703208Y (A1), 703209(A1), 703209Y (A1), 703210(A1), 703210Y(AL)

Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbol Conditions Ratings Unit
Supply voltage Voo Voo = EVop = AVRrero -0.3t0 +6.5 \%
EVop Vob = EVop = AVRero -0.3t0 +6.5 \%
AVREFo Vop = EVop = AVRero -0.3to0 +6.5 \Y
Vss Vss = EVss = AVss -0.3t0 +0.3 \%
AVss Vss = EVss = AVss -0.3to +0.3 \%
EVss Vss = EVss = AVss -0.3t0 +0.3 \%
Input voltage Viz P00 to P06, P30 to P35, P38, P39, P40 to P42, -0.3 to EVoo + 0.3"° \%
P50 to P55, P90, P91, P96 to P99, P913 to P915,
PCMO to PCM3, PCSO0, PCS1, PCTO, PCT1,
PCT4, PCT6, PDLO to PDL15, RESET
Vi X1, X2, XT1, XT2 -0.3to Voo + 0.3
Analog input voltage Vian P70 to P77 -0.3 to AVrero+ 0.3"° \Y,
Note Be sure not to exceed the absolute maximum ratings (MAX. value) of each supply voltage.
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Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbol Conditions Ratings Unit

Output current, low loL P00 to P06, P30 to P35, P40 to P42, | Per pin 16 mA
P50 to P55, P90, P91, P96 to P99,
P913 to P915, PCMO to PCM3,
PCSO, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

P38, P39 24 mA
P00 to P06, P30 to P35, P38, P39, | Total of all 28 mA
P40 to P42 pins:

P50 to P55, P90, P91, P96 to P99, | 56 MA 28 mA

P913 to P915, PCMO to PCM3,
PCSO0, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

Output current, high low Per pin -8 mA
P00 to P06, P30 to P35, P40 to P42 | Total of all -24 mA
P50 to P55, P90, P91, P96 to P99, | Pins: -24 mA
P913 to P915, PCMO to PCM3, -48 mA

PCSO0, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

Operating ambient Ta -40to +110 °C
temperature
Storage temperature Tstg —65 to +150 °C

Cautions 1. Do not directly connect the output (or I/O) pins of IC products to each other, or to Voo, Vcc, and
GND. Open-drain pins or open-collector pins, however, can be directly connected to each other.
Direct connection of the output pins between an IC product and an external circuit is possible, if
the output pins can be set to the high-impedance state and the output timing of the external
circuit is designed to avoid output conflict.

2. Product quality may suffer if the absolute maximum rating is exceeded even momentarily for
any parameter. That is, the absolute maximum ratings are rated values at which the product is
on the verge of suffering physical damage, and therefore the product must be used under
conditions that ensure that the absolute maximum ratings are not exceeded. The ratings and
conditions indicated for DC characteristics and AC characteristics represent the quality
assurance range during normal operation.

Capacitance (Ta = 25°C, Vop = EVop = AVRrero = Vss = EVss = AVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input capacitance Ci fx =1 MHz P70 to P77 15 pF
I/O capacitance Cio Unmeasured pins Note 15 pF
returned to O V P38, P39 20 bF

Note POO to P06, P30 to P35, P40 to P42, P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO,
PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to PDL15

Remark fx: Main clock oscillation frequency
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Operating Conditions
(TA=-40to +110°C, Voo = EVop = AVrero = 3.51t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Internal system clock ferk REGC =Vop =5V £10% 0.25 20 MHz
frequency In PLL mode (fx = 2 to 5 MHz)

REGC = Capacity, Voo =4.0t0 5.5V 0.25 16 MHz
In PLL mode (fx = 2 to 4 MHz)
REGC =Vop=3.5t05.5V 0.25 12 MHz
In PLL mode (fx = 2 to 3 MHz)
REGC =Vop=3.5t05.5V 0.0625 10 MHz
REGC =Vop=3.5t05.5V, 32.768 kHz

operating with subclock

Remark fx: Main clock oscillation frequency

Internal System Clock Frequency vs. Supply Voltage

100

BN
OO
cocoo

1.0

0.1

Internal system clock frequency fcix [MHZz]

0.032 -

0.01

2.0 3.0 35 4.0 5.0 6.0
Supply voltage Voo [V]

PLL Characteristics (TA=-40to +110°C, Voo =3.5t0 5.5V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input frequency fx 2 5 MHz
Output frequency fxx 8 20 MHz
Lock time teLL After Voo reaches 3.5 V (MIN.) 200 7S]
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Main Clock Oscillator Characteristics (Ta =—-40to +110°C, Voo =3.5t0 5.5V, Vss =0V)

Resonator Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Ceramic Oscillation frequency 2 10 MHz
resonator | X1 X2 | (Fx)e
0 Oscillation After reset is 2°/fx s
stabilization time"**? | released
! After STOP mode is Note 3 s
released
Crystal | | Oscillation frequency 2 10 MHz
X1 X2 Note 1
resonator (fx)
Oscillation After reset is 2°/fx s
stabilization time"”*? | released
After STOP mode is Note 3 S
released
External X1, X2 input REGC = Vop 2 10 MHz
clock | X1 X2 | frequency (fx) Duty = 50% 5%

External clock

Notes 1. Indicates only oscillator characteristics.
2. Time required to stabilize the resonator after reset or STOP mode is released.
3. The value differs depending on the OSTS register settings.

Cautions 1. When using the main clock oscillator, wire as follows in the area enclosed by the broken lines in
the above figures to avoid an adverse effect from wiring capacitance.

« Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

« Do not route the wiring near a signal line through which a high fluctuating current flows.
« Always make the ground point of the oscillator capacitor the same potential as Vss.

« Do not ground the capacitor to a ground pattern through which a high current flows.

« Do not fetch signals from the oscillator.

2. When the main clock is stopped and the device is operating on the subclock, wait until the

oscillation stabilization time has been secured by the program before switching back to the
main clock.
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Subclock Oscillator Characteristics (Ta =—-40 to +110°C, Voo =3.5t0 5.5V, Vss =0 V)

Oscillation 10 s

Note 2

Resonator Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit

Crystal Oscillation frequency 32 32.768 35 kHz
| XT1 XT2 | Note 1

resonator ; 1 (fxr)

stabilization time

External XT1 input frequency | REGC = Vop 32 35 kHz

clock (fxr)e*
gx Duty = 50% +5%

External clock

Notes 1. Indicates only oscillator characteristics.
2. Time required from when Vop reaches oscillation voltage range (3.5 V (MIN.)) to when the crystal
resonator stabilizes.

Cautions 1. When using the subclock oscillator, wire as follows in the area enclosed by the broken lines in
the above figures to avoid an adverse effect from wiring capacitance.

« Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

« Do not route the wiring near a signal line through which a high fluctuating current flows.
« Always make the ground point of the oscillator capacitor the same potential as Vss.

« Do not ground the capacitor to a ground pattern through which a high current flows.

* Do not fetch signals from the oscillator.

2. The subclock oscillator is designed as a low-amplitude circuit for reducing power consumption,

and is more prone to malfunction due to noise than the main clock oscillator. Particular care is
therefore required with the wiring method when the subclock is used.
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DC Characteristics
(Ta =-40to +110°C, Vob = EVpbp = AVRero = 3.5 t0 5.5 V, Vss = EVss = AVss = 0 V) (1/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Output current, high loH1 Per pin for POO to P06, P30 to P35, P40 to -4.0 mA
P42, P50 to P55, P90, P91, P96 to P99, P913
to P915, PCMO to PCM3, PCSO0, PCS1, PCTO,
PCT1, PCT4, PCT6, PDLO to PDL15

Total of POO to P06, EVoo=4.0t0 5.5V -24 mA
P30 to P35, P40 to P42 EVoo = 3.5t05.5 V _12 mA
Total of P50 to P55, EVop=4.0t0 5.5V —24 mA
P90, P91, P96 10 P99, | pypp—35105.5V 12 mA

P913 to P915, PCMO to
PCMS3, PCS0, PCS1,
PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

Output current, low loL1 Per pin for POO to P06, P30 to P35, P40 to 8 mA
P42, P50 to P55, P90, P91, P96 to P99, P913
to P915, PCMO to PCM3, PCSO0, PCS1, PCTO,
PCT1, PCT4, PCT6, PDLO to PDL15

Per pin for P38, P39 EVop=4.0t0 5.5V 12 mA

EVop=3.5t05.5V 6.4 mA
Total of POO to P06, P30 to P35, P40 to P42 24 mA
Total of P38, P39, P50 to P55, P90, P91, P96 24 mA

to P99, P913 to P915, PCMO to PCM3, PCS0,
PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to

PDL15
Input voltage, high ViH1 Note 1 0.7EVop EVoo \
Vinz Note 2 0.8EVop EVop \
ViHa P70 to P77 0.7AVRero AVRero \"
ViH4 X1, X2, XT1, XT2 Voo- 0.5 Vop \'
Input voltage, low Vit Note 1 EVss 0.3EVop \Y
ViLz Note 2 EVss 0.2EVop \
Vis P70 to P77 AVss 0.3AVRero \
ViLa X1, X2, XT1, XT2 Vss 0.4 \

Notes 1. P00, P01, P30, P41, P98, PCMO to PCM3, PCS0, PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to PDL15 and
their alternate-function pins.
2. RESET, P02 to P06, P31 to P35, P38, P39, P40, P42, P50 to P55, P90, P91, P96, P97, P99, P913 to
P915 and their alternate-function pins.
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DC Characteristics

(Ta=-40to +110°C, Vob = EVop = AVRrero = 3.5t0 5.5V, Vss = EVss = AVss = 0 V) (2/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, high Vo1 Note 1 lon = =1.6 MA, EVoo- 1.0 EVoo \%
EVoo =4.0t0 5.5V
Note 2 lon = —=0.08 mA, EVoo—- 0.5 EVop \Y
EVop=3.5t055V
Output voltage, low Vour | Note 3 loL = 1.6 mA™** 0 0.8
VoL2 P38, P39 lo. =12 mA, 0 2.0 \Y
EVop=4.0t0 55V
loL = 6.4 mA, 0 1.0 \%
EVoo=3.5t055V
Input leakage current, high Ium Vin = Vop 10.0 LA
Input leakage current, low lue Vn=0V -10.0 HA
Output leakage current, high| Ion Vo = Vop 10.0 LA
Output leakage current, low | loL Vo=0V -10.0 HA
Pull-up resistor RL Vin=0V 10 30 120 kQ

Notes 1. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: lon = =24 mA,

total of P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO0, PCS1, PCTO, PCT1,
PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lon = =24 mA.

2. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: lon = =12 mA,

total of P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCS0, PCS1, PCTO, PCT1,
PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lon = =12 mA.
3. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: loL = 24 mA,
total of P38, P39, P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO0, PCS1, PCTO,

PCT1, PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lo. = 24 mA.

4. Refer to loL1for loL of P38 and P39.
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DC Characteristics
(TA=-40t0 +110°C, Vop = EVop = AVRrero = 3.5t0 5.5V, Vss = EVss = AVss = 0 V) (3/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply current™® Ipb1 Normal fxx = 20 MHz (fx = 5 MHz) 30 47 mA
operation (in PLL mode)
All peripheral | REGC =Vopo =5V +10%
functions fix = 16 MHz (fx = 4 MHz) 18 32 mA
operating (in PLL mode)
REGC = Capacity
Voo =5V £10%
Iop2 HALT mode fxx = 20 MHz (fx = 5 MHz) 17 27 mA
All peripheral | (in PLL mode)
functions REGC =Vop =5V +10%
operating fux = 16 MHz (fx = 4 MHzZ) 10 20 mA
(in PLL mode)
REGC = Capacity
Voo =5V £10%
Iops IDLE mode fx =5 MHz 900 3300 HA
Watch timer (when PLL mode off)
operating REGC =Voo =5V +10%
fx =4 MHz 600 2300 HA
(when PLL mode off)
REGC = Capacity
Vobo =5V +10%
Ibpa Subclock fxr = 32.768 kHz 70 1460 HA
operating Main clock stopped
mode
loos Subclock IDLE | fxr = 32.768 kHz 15 1360 LA
mode Main clock stopped,
watch timer operating
Iope STOP mode Subclock stopped 0.1 1330 HA

(XT1 = Vss, when
PSMR.XTSTP bit = 1)

Note Total current of Vop and EVop (all ports stopped). AVrerois not included.
Remark fxx: Main clock frequency

fx:  Main clock oscillation frequency
fxt: Subclock frequency
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Data Retention Characteristics

STOP Mode (Ta = —40 to +110°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention voltage VDDDR STOP mode 2.0 55 \%
STOP release signal input time torREL 0 7S

Caution Shifting to STOP mode and restoring from STOP mode must

operating range.

be performed within the rated

Operating voltage lower limit —w—
Voo

RESET (input)

STOP mode release interrupt (NMI, etc.)
(Released by falling edge)

STOP mode release interrupt (NMI, etc.)
(Released by rising edge)

STOP mode setting

STOP release signal input
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AC Characteristics

AC Test Input Measurement Points (Vob, AVrero, EVbp)

Voo Vi Vin

Measurement points
Vi Vie

ov

AC Test Output Measurement Points

Vo Vo
Measurement points

VoL Vou

Load Conditions

DUT
(Device under
measurement) ]_

;CL=5OPF

Caution If the load capacitance exceeds 50 pF due to the circuit configuration, bring the load
capacitance of the device to 50 pF or less by inserting a buffer or by some other means.
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CLKOUT Output Timing

(Ta =-40to +110°C, Vop = EVop = AVrero = 3.51t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
Output cycle tevk <1> 50 ns 30.6 s
High-level width twkH <2> | \Vpp=4.0t05.5V tev/2 — 18 ns
Vob=3.5t05.5V tcvk/2 — 26 ns
Low-level width twkL <3> | Vop=4.0105.5V tev/2 — 18 ns
Voo =3.5t055V tevk/2 - 26 ns
Rise time tkR <4> | Vpp=4.0t05.5V 18 ns
Vobp=3.5t05.5V 26 ns
Fall ime tre <5> | Vop=4.0t05.5V 18 ns
Voo =35t055V 26 ns
Clock Timing
<1>
<2> <3>
\ /
CLKOUT (output) S
<4> <5>
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Basic Operation

(1) Reset/external interrupt timing

(Ta =-40to +110°C, Vob = EVop = AVRrero = 3.5t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

RESET low-level width twrsL1 | <87> | Reset in power-on status 2 7S]
twrstz | <88> | Power-on-reset when REGC = Vop 2 7]

Note | tvr > 150 us 10 s

tvr < 150 15 45 7S]

NMI high-level width twNiH <89> | Analog noise elimination 1 7S]
NMI low-level width twNIL <90> | Analog noise elimination 1 7S]
INTPn high-level width twitH <91> | n =0 to 6 (analog noise elimination) 600 ns
INTPn low-level width twitL <92> | n =0 to 6 (analog noise elimination) 600 ns

Note Power-on-reset when REGC = Capacity
Remarks 1. tvr: Time required for Vob to reach 0 V to 4.0 V (= operation lower-limit voltage)
2. The above specification shows the pulse width that is accurately detected as a valid edge. If a pulse

narrower than the above specification is input, therefore, it may also be detected as a valid edge.

Reset/Interrupt

Vop
<88> <87>
RESET (input)
<89> [ <90>
NMI (input)
<91> [ <92>

INTPn (input)

Remark n=0to6

736 User's Manual U16891EJ1VOUD



CHAPTER 29 ELECTRICAL SPECIFICATIONS ((Al) GRADE PRODUCTS)

Timer Timing
(TA=-40to +110°C, Vob = EVop = AVrero = 3.5t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
TIOn high-level width trioH <93> | REGC =Vop =5V +10% 2/fsam + 100" ns
TIONn low-level width trio <94> | REGC = Capacity, Voo = 4.0t0 5.5V, 2/fsam + 200" ns

REGC =Vop =3.5t05.5V

TI5m high-level width trisH <95> | REGC =Vop =5V £10% 50 ns

TI5m low-level width trisL <96> | REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vop=3.5t05.5V

Note fsam = Timer count clock
However, fsam = fxx/4 when the TIOn valid edge is selected as the timer count clock.

Remarks 1. n=00, 01, 10, 11
m=0,1
2. The above specification shows the pulse width that is accurately detected as a valid edge. If a pulse
narrower than the above specification is input, therefore, it may also be detected as a valid edge.

Timer Input Timing

<93>/<95> [ <94>/<96>

TIOn (input)
TI5m (input)

Remark n=00,01, 10, 11

m=0,1
UART Timing
(TA=-40t0 +110°C, Vob = EVop = AVrRero = 3.5t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)
Parameter Symbol Conditions MIN. MAX. Unit
Transmit rate 312.5 kbps
ASCKO frequency REGC =Vop =5V +10% 12 MHz
REGC = Capacity, Voo =4.0t0 5.5V, 6 MHz
REGC =Vop=3.5t05.5V
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CSIO Timing

(1) Master mode

(Ta =-40to +110°C, Vob = EVop = AVrero = 3.5t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
SCKOn cycle time tkeva <99> |REGC=Vop=4.0t05.5V 200 ns
REGC = Capacity, Voo =4.0t0 5.5V, 400 ns
REGC =Vop=3.5t05.5V
SCKOn high-/low-level width tkH1, tkir | <100> tkev/2 — 30 ns
SI0On setup time (to SCKOn) tsika <101> | REGC=Vop=4.0t05.5V 33 ns
REGC = Capacity, Voo =4.0t0 5.5V, 58 ns
REGC =Vop=3.5t055V
SI0n hold time (from SCKOn) tksi <102> | REGC =Vop =5V £10% 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 50 ns
REGC =Vop=3.5t05.5V
Delay time from SCKOn to SOOn tkso1 <103> | REGC =Vop=4.0t05.5V 30 ns
output REGC = Capacity, Voo = 4.0 t0 5.5 V, 60 ns
REGC =Vop=3.5t05.5V
Remark n=0,1
(2) Slave mode
(Ta =-40to +110°C, Vob = EVop = AVrero = 3.5t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)
Parameter Symbol Conditions MIN. MAX. Unit
SCKOn cycle time tkeyz <99> | REGC=Vop=4.0t055V 200 ns
REGC = Capacity, Voo = 4.0t0 5.5V, 400 ns
REGC =Vop=3.5t05.5V
SCKOn high-/low-level width tkH2, tkiz | <100> | REGC = Voo =4.0t0 5.5V 45 ns
REGC = Capacity, Voo = 4.0t0 5.5V, 90 ns
REGC =Vop=3.5t055V
SI0n setup time (to SCKOn) tsikz <101> | REGC =V =4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop=3.5t055V
SI0n hold time (from SCKOn) tsi2 <102> | REGC =V =4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop=3.5t055V
Delay time from SCKOn to SOOn tksoz2 <103> | REGC =V =4.0t05.5V 50 ns
output REGC = Capacity, Voo = 4.0 t0 5.5 V, 100 ns
REGC =Vop=3.5t05.5V

Remark n=0,1
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<99>

<100> _ <100>

SCKOn (1/0) —\_/_J\‘_X U

<101>| |<102>

Hi-Z Hi-Z
SION (input) ====================mmsmmsmmmmmmnm s { Input data |p===================--
<103>
SOO0n (output) X Output data X

Remarks 1. When transmit/receive type 1 (CSICn.CKPn, CSICn.DAPN bits = 00)
2. n=0,1
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CSIA Timing

(1) Master mode

(Ta =-40to +110°C, Vob = EVop = AVrero = 3.5t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

SCKAO cycle time tkeys <99> | REGC=Vop=4.0t05.5V 500 ns
REGC = Capacity, Voo =4.0t0 5.5V, 1000 ns
REGC =Vop=3.5t05.5V

SCKAO high-/low-level width tkH3, <100> tkeval2 — 30 ns

kL3

SIAQ setup time (to SCKAO1) tsiks <101> | REGC=Vop=4.0t05.5V 39 ns
REGC = Capacity, Voo =4.0t0 5.5 V, 68 ns
REGC =Vop =3.5t05.5V

SIAO hold time (from SCKAO1) tksiz <102> | REGC =Vop=4.0t0 5.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop =3.5t05.5V

Delay time from SCKAO! to SOAOQ tksos <103> | REGC=Vop=4.0t05.5V 30 ns

output REGC = Capacity, Voo = 4.0 t0 5.5 V, 60 ns
REGC =Vop=3.5t05.5V

(2) Slave mode

(Ta =-40to +110°C, Vob = EVop = AVrero = 3.5t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

SCKAO cycle time tkcya <99> | REGC=Vop=4.0t055V 840 ns
REGC = Capacity, Voo =4.0t0 5.5V, 1700 ns
REGC =Vop=3.5t05.5V

SCKAO high-/low-level width tkha, tka | <100> tkeval2 — 30 ns

SIAO setup time (to SCKAO1) tsika <101> | REGC =V =4.0t05.5V 50 ns
REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vop =3.5t05.5V

SIAO hold time (from SCKAO1) tksia <102> | REGC =Vop=4.0t0 5.5V 50 ns
REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vop =3.5t05.5V

Delay time from SCKAO! to SOAQ | tksoa <103> | REGC=Vop=4.0t05.5V terx 2+ 30%° ns

output REGC = Capacity, Voo = 4.0t0 5.5 V, tyx2+60" | ns
REGC =Vop=3.5t05.5V

Note tcv: Internal clock output cycle

fxx (CSIS0.CKSAO1, CSIS0.CKSAOO bits = 00), fxx/2 (CKSA01, CKSA0O bits = 01)
fxx/2? (CKSAO01, CKSAOO bits = 10), fxx/2° (CKSA0L, CKSAOQO bits = 11)
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CHAPTER 29 ELECTRICAL SPECIFICATIONS ((Al) GRADE PRODUCTS)

<99>

<100> _ <100>

SCKAD (10) —\_/l_{s_f_\_/_

<101>| {<102>

Hi-Z Hi-Z
SIAD (input) =============mmssemmmssnnonennnenns <} ---------------------

<103>

SOAO (output) >< Output data X
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CHAPTER 29 ELECTRICAL SPECIFICATIONS ((Al) GRADE PRODUCTS)

I’C Bus Mode (Y Products (Products with On-Chip I°C) Only)
(TA=-40to +110°C, Vob = EVop = AVrero = 3.51t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)

Parameter Symbol Normal Mode High-Speed Mode Unit
MIN. MAX. MIN. MAX.

SCLO clock frequency fewk 0 100 0 400 kHz
Bus free time tsur <104> 4.7 - 1.3 - 7S
(Between start and stop conditions)
Hold time"** tHD:STA <105> 4.0 - 0.6 - s
SCLO clock low-level width tLow <106> 4.7 - 1.3 - )73
SCLO clock high-level width tHiGH <107> 4.0 - 0.6 - 7S
Setup time for start/restart tsu:sTA <108> 4.7 - 0.6 - s
conditions
Data hold time | CBUS compatible | trppar <109> 5.0 - - - 5

master

I’C mode o've? - ove? 0.9"*? s
Data setup time tsu:paT <110> 250 - 100" - ns
SDAO and SCLO signal rise time tr <111> - 1000 20 + 0.1Cb™"*® 300 ns
SDAO and SCLO signal fall time tr <112> - 300 20 + 0.1Cb™**® 300 ns
Stop condition setup time tsu:sto <113> 4.0 - 0.6 - y7s
Pulse width of spike suppressed by tsp <114> - - 0 50 ns
input filter
Capacitance load of each bus line Cb - 400 - 400 pF

Notes 1. At the start condition, the first clock pulse is generated after the hold time.
2. The system requires a minimum of 300 ns hold time internally for the SDAO signal (at ViHmin. of SCLO
signal) in order to occupy the undefined area at the falling edge of SCLO.
3. If the system does not extend the SCLO signal low hold time (t.ow), only the maximum data hold time
(tHo:pAT) Needs to be satisfied.
4. The high-speed mode I°C bus can be used in the normal-mode I°C bus system. In this case, set the high-
speed mode I°C bus so that it meets the following conditions.
« If the system does not extend the SCLO signal’s low state hold time:
tsu:paT =250 ns
« If the system extends the SCLO signal’s low state hold time:
Transmit the following data bit to the SDAO line prior to the SCLO line release (trmax. + tsu:bat = 1000
+ 250 = 1250 ns: Normal mode I°C bus specification).
5. Cb: Total capacitance of one bus line (unit: pF)
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CHAPTER 29 ELECTRICAL SPECIFICATIONS ((Al) GRADE PRODUCTS)

I’C Bus Mode (Y Products (Products with On-Chip I’C) Only)

<106> <107>

I R s \ | ; n
scogo) 1 b N SN -\ . / \__ /£
R N e pe<105>  <114> S I
1 <105> vl vl
E LE E E | ()() E E E ;
soroo)y 0 N / X N A \ 4
<1045 ™= £ L X T
PR <111> <112> b Lo
Stop o S_t_e{rt Ré-sie_\rt Stbbu
condition condition condition condition
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CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

A/D Converter

(Ta=-40to +110°C, Vop = EVop = AVRero = 3.5 t0 5.5 V, Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error™’ 4.0<AVrero< 5.5V 10.2 10.6 %FSR

3.5<AVrero<4.0V +0.3 0.8 %FSR
Conversion time tconv 4.0<AVrRero< 5.5V 14 60 us
3.5 <AVrero<4.0V 17 60 us
Zero-scale error*™®’ 4.0<AVRer0 < 5.5V +0.6 %FSR
3.5<AVRero<4.0V +0.8 %FSR
Full-scale error™" 4.0<AVRer0 < 5.5V +0.6 %FSR
3.5<AVRero<4.0V +0.8 %FSR
Non-linearity error***? 4.0<AVrer0<55V +4.5 LSB
3.5<AVrRer0 < 4.0V 6.5 LSB
Differential linearity 40<AVrero <55V +2.0 LSB
error'™* 3.5<AVrero<4.0 V 25 LSB
Analog input voltage Vian 0 AVREFo \Y
AVrero current |IArero | When using A/D converter 1.0 2.0 mA
When not using A/D converter 1.0 10 LA

Notes 1. Excluding quantization error (+0.05 %FSR).
2. Excluding quantization error (0.5 LSB).

Remark LSB: Least Significant Bit

FSR: Full Scale Range
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

(A2) grade products are as follows.

LPD703208(A2), 703208Y(A2), 703209(A2), 703209Y(A2), 703210(A2), 703210Y(A2)

Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbol Conditions Ratings Unit
Supply voltage Voo Voo = EVop = AVRrero -0.3t0 +6.5 \%
EVop Vob = EVop = AVRero -0.3t0 +6.5 \%
AVREFo Vop = EVop = AVRero -0.3to0 +6.5 \Y
Vss Vss = EVss = AVss -0.3t0 +0.3 \%
AVss Vss = EVss = AVss -0.3to +0.3 \%
EVss Vss = EVss = AVss -0.3t0 +0.3 \%
Input voltage Viz P00 to P06, P30 to P35, P38, P39, P40 to P42, -0.3 to EVoo + 0.3"° \%
P50 to P55, P90, P91, P96 to P99, P913 to P915,
PCMO to PCM3, PCSO, PCSl,ﬂPCTl,
PCT4, PCT6, PDLO to PDL15, RESET
Vi X1, X2, XT1, XT2 -0.3to Voo + 0.3
Analog input voltage Vian P70 to P77 -0.3 to AVrero+ 0.3"° \Y,
Note Be sure not to exceed the absolute maximum ratings (MAX. value) of each supply voltage.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbol Conditions Ratings Unit

Output current, low loL P00 to P06, P30 to P35, P40 to P42, | Per pin 14 mA
P50 to P55, P90, P91, P96 to P99,
P913 to P915, PCMO to PCM3,
PCSO, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

P38, P39 21 mA
P00 to P06, P30 to P35, P38, P39, | Total of all 245 mA
P40 to P42 pins:

P50 to P55, P90, P91, P96 to P99, | 49 MA 245 mA

P913 to P915, PCMO to PCM3,
PCSO0, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

Output current, high low Per pin -7 mA
P00 to P06, P30 to P35, P40 to P42 | Total of all =21 mA
P50 to P55, P90, P91, P96 to P99, | Pins: -21 mA
P913 to P915, PCMO to PCM3, —42 mA

PCSO0, PCS1, PCTO, PCT1, PCT4,
PCT6, PDLO to PDL15

Operating ambient Ta -40 to +125 °C
temperature
Storage temperature Tstg —65 to +150 °C

Cautions 1. Do not directly connect the output (or I/O) pins of IC products to each other, or to Voo, Vcc, and
GND. Open-drain pins or open-collector pins, however, can be directly connected to each other.
Direct connection of the output pins between an IC product and an external circuit is possible, if
the output pins can be set to the high-impedance state and the output timing of the external
circuit is designed to avoid output conflict.

2. Product quality may suffer if the absolute maximum rating is exceeded even momentarily for
any parameter. That is, the absolute maximum ratings are rated values at which the product is
on the verge of suffering physical damage, and therefore the product must be used under
conditions that ensure that the absolute maximum ratings are not exceeded. The ratings and
conditions indicated for DC characteristics and AC characteristics represent the quality
assurance range during normal operation.

Capacitance (Ta =25°C, Vob = EVop = AVRrero = Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input capacitance Ci fx =1 MHz P70 to P77 15 pF
I/O capacitance Cio Unmeasured pins Note 15 pF
returned to O V P38, P39 20 bF

Note POO to P06, P30 to P35, P40 to P42, P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO,
PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to PDL15

Remark fx: Main clock oscillation frequency
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

Operating Conditions

(Ta =-40to +125°C, Vop = EVop = AVrero = 3.5t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Internal system clock ferk REGC =Vop =5V £10% 0.25 20 MHz
frequency In PLL mode (fx = 2 to 4 MHz)

REGC =Vop=4.0t0 5.5V 0.25 16 MHz
In PLL mode (fx = 2 to 4 MHz)
REGC = Capacity, Voo =4.0t0 5.5V 0.25 16 MHz
In PLL mode (fx = 2 to 4 MHz)
REGC =Vop=3.51t05.5V 0.25 12 MHz
In PLL mode (fx = 2 to 3 MHz)
REGC =Vop=3.5t05.5V 0.0625 10 MHz
REGC =Vop=3.5t05.5V, 32.768 kHz
operating with subclock
Remark fx: Main clock oscillation frequency
Internal System Clock Frequency vs. Supply Voltage
100 ——mmm V=
o 1When REGC = Capacity
20200 b0
¥ il =
T : H
=3 x
X 0
2 H
= :
(8] '
c 1
[ T
=} '
g :
& 10 :
= .
S .
) :
o T
S :
2 H
[ O
> '
2] 1
© 0.1 i
=
] T
£ :
0.032 .
0.01
2.0 3.0 35 4.0 5.0 6.0
Supply voltage Voo [V]
PLL Characteristics (Ta =-40to +125°C, Voo =3.5t0 5.5V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input frequency fx 2 4 MHz
Output frequency fxx 8 16 MHz
Lock time trLL After Voo reaches 3.5 V (MIN.) 200 s
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

Main Clock Oscillator Characteristics (Ta = -40to +125°C, Voo =3.5t0 5.5V, Vss =0V)

Resonator Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Ceramic Oscillation frequency 2 10 MHz
resonator | X1 X2 | (Fx)e
0 Oscillation After reset is 2°/fx s
stabilization time"**? | released
! After STOP mode is Note 3 s
released
Crystal | | Oscillation frequency 2 10 MHz
X1 X2 Note 1
resonator (fx)
Oscillation After reset is 2°/fx s
stabilization time"”*? | released
After STOP mode is Note 3 S
released
External X1, X2 input REGC = Vop 2 10 MHz
clock | X1 X2 | frequency (fx) Duty = 50% 5%

External clock

Notes 1. Indicates only oscillator characteristics.
2. Time required to stabilize the resonator after reset or STOP mode is released.
3. The value differs depending on the OSTS register settings.

Cautions 1. When using the main clock oscillator, wire as follows in the area enclosed by the broken lines in
the above figures to avoid an adverse effect from wiring capacitance.

« Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

« Do not route the wiring near a signal line through which a high fluctuating current flows.
« Always make the ground point of the oscillator capacitor the same potential as Vss.

« Do not ground the capacitor to a ground pattern through which a high current flows.

« Do not fetch signals from the oscillator.

2. When the main clock is stopped and the device is operating on the subclock, wait until the

oscillation stabilization time has been secured by the program before switching back to the
main clock.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

Subclock Oscillator Characteristics (Ta =—-40 to +125°C, Voo =3.5t0 5.5V, Vss =0 V)

Oscillation 10 s

Note 2

Resonator Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit

Crystal Oscillation frequency 32 32.768 35 kHz
| XT1 XT2 | Note 1

resonator ; 1 (fxr)

stabilization time

External XT1 input frequency | REGC = Vop 32 35 kHz

clock (fxr)e*
gx Duty = 50% +5%

External clock

Notes 1. Indicates only oscillator characteristics.
2. Time required from when Vop reaches oscillation voltage range (3.5 V (MIN.)) to when the crystal
resonator stabilizes.

Cautions 1. When using the subclock oscillator, wire as follows in the area enclosed by the broken lines in
the above figures to avoid an adverse effect from wiring capacitance.

« Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

« Do not route the wiring near a signal line through which a high fluctuating current flows.
« Always make the ground point of the oscillator capacitor the same potential as Vss.

« Do not ground the capacitor to a ground pattern through which a high current flows.

* Do not fetch signals from the oscillator.

2. The subclock oscillator is designed as a low-amplitude circuit for reducing power consumption,

and is more prone to malfunction due to noise than the main clock oscillator. Particular care is
therefore required with the wiring method when the subclock is used.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

DC Characteristics
(Ta =-40 to +125°C, Vop = EVop = AVRero = 3.5 10 5.5 V, Vss = EVss = AVss = 0 V) (1/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Output current, high loH1 Per pin for POO to P06, P30 to P35, P40 to -3.5 mA
P42, P50 to P55, P90, P91, P96 to P99, P913
to P915, PCMO to PCM3, PCSO0, PCS1, PCTO,
PCT1, PCT4, PCT6, PDLO to PDL15

Total of PO to P06, P30 | EVoo = 4.0 t0 5.5 V 21 mA
to P35, P40 to P42 EVoo=3.5105.5 V -10.5 mA
Total of P50 to P55, P90, | EVoo = 4.0t0 5.5 V 21 mA
P91, P96 10 P99, P91310 | pypy — 351055V -10.5 mA

P915, PCMO to PCM3,
PCSo0, PCS1, PCTO,
PCT1, PCT4, PCT6,
PDLO to PDL15

Output current, low loL1 Per pin for POO to P06, P30 to P35, P40 to 7 mA
P42, P50 to P55, P90, P91, P96 to P99, P913
to P915, PCMO to PCM3, PCSO0, PCS1, PCTO,
PCT1, PCT4, PCT6, PDLO to PDL15

Per pin for P38, P39 EVop=4.0t0 5.5V 10.5 mA

EVoo=3.5t05.5V 5.6 mA
Total of POO to P06, P30 to P35, P40 to P42 21 mA
Total of P38, P39, P50 to P55, P90, P91, P96 21 mA

to P99, P913 to P915, PCMO to PCM3, PCSO,
PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to

PDL15
Input voltage, high ViH1 Note 1 0.7EVop EVoo \
Vinz Note 2 0.8EVop EVop \
ViHa P70 to P77 0.7AVrero AVRero Vv
ViH4 X1, X2, XT1, XT2 Voo— 0.5 Vob \
Input voltage, low Vit Note 1 EVss 0.3EVop \Y
ViLz Note 2 EVss 0.2EVop \
Vis P70 to P77 AVss 0.3AVRero \
ViLa X1, X2, XT1, XT2 Vss 0.4 \

Notes 1. P00, P01, P30, P41, P98, PCMO to PCM3, PCS0, PCS1, PCTO, PCT1, PCT4, PCT6, PDLO to PDL15 and
their alternate-function pins.
2. RESET, P02 to P06, P31 to P35, P38, P39, P40, P42, P50 to P55, P90, P91, P96, P97, P99, P913 to
P915 and their alternate-function pins.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

DC Characteristics

(Ta =-40to +125°C, Vop = EVop = AVRrero = 3.5t0 5.5V, Vss = EVss = AVss = 0 V) (2/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, high Vo1 Note 1 lon = =1.4 mA, EVoo- 1.0 EVoo \%
EVoo =4.0t0 5.5V
Note 2 lon = =0.07 mA, EVoo—- 0.5 EVop \Y
EVop=3.5t055V
Output voltage, low Vour | Note 3 loL = 1.4 mA™** 0 0.8
VoL2 P38, P39 lo. = 10.5 mA, 0 2.0 \Y
EVop=4.0t0 55V
loL =5.6 mA, 0 1.0 \%
EVoo=3.5t055V
Input leakage current, high Ium Vin = Vop 10.0 LA
Input leakage current, low lue Vn=0V -10.0 HA
Output leakage current, high| Ion Vo = Vop 10.0 LA
Output leakage current, low | loL Vo=0V -10.0 HA
Pull-up resistor RL Vin=0V 10 30 120 kQ

Notes 1. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: lon = =21 mA,

total of P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCSO0, PCS1, PCTO, PCT1,
PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lon = =21 mA.

2. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: lon = —=10.5 mA,

total of P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCS0, PCS1, PCTO, PCT1,

PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lon = =10.5 mA.

3. Total of POO to P06, P30 to P35, P40 to P42 and their alternate-function pins: loL = 21 mA,
total of P38, P39, P50 to P55, P90, P91, P96 to P99, P913 to P915, PCMO to PCM3, PCS0, PCS1, PCTO,

PCT1, PCT4, PCT6, PDLO to PDL15 and their alternate-function pins: lo. = 21 mA.

4. Refer to loL1for loL of P38 and P39.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

DC Characteristics
(Ta=-40to +125°C, Vobo = EVop = AVRrero = 3.510 5.5V, Vss = EVss = AVss = 0 V) (3/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply current™® Ipb1 Normal fxx = 16 MHz (fx = 4 MHz) 30 43 mA
operation (in PLL mode)
All peripheral | REGC = Vobo =5V +10%
functions fix = 16 MHz (fx = 4 MHz) 18 33 mA
operating (in PLL mode)

REGC = Capacity
Voo =5V £10%

Iop2 HALT mode fxx = 16 MHz (fx = 4 MHz) 17 26 mA
All peripheral | (in PLL mode)
functions REGC =Vop =5V +10%
operating fax = 16 MHz (fx = 4 MH2) 10 21 mA

(in PLL mode)
REGC = Capacity
Voo =5V £10%

Iops IDLE mode fx =4 MHz 900 3700 LA
Watch timer (when PLL mode off)
operating REGC =Vop =5V +10%
fx = 4 MHz 600 2900 HA

(when PLL mode off)
REGC = Capacity
Voo =5V +10%

Ibpa Subclock fxr = 32.768 kHz 70 2060 HA
operating Main clock stopped
mode

Iops Subclock IDLE | fxt = 32.768 kHz 15 1960 LA
mode Main clock stopped,

watch timer operating

Iope STOP mode | Subclock stopped 0.1 1930 HA
(XT1 = Vss, when
PSMR.XTSTP bit = 1)

Note Total current of Vop and EVop (all ports stopped). AVrerois not included.
Remark fxx: Main clock frequency

fx:  Main clock oscillation frequency
fxt: Subclock frequency
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

Data Retention Characteristics

STOP Mode (Ta = —40 to +125°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention voltage VDDDR STOP mode 2.0 55 \%
STOP release signal input time torREL 0 7S

Caution Shifting to STOP mode and restoring from STOP mode must

operating range.

be performed within the rated

Operating voltage lower limit —w—
Voo

RESET (input)

STOP mode release interrupt (NMI, etc.)
(Released by falling edge)

STOP mode release interrupt (NMI, etc.)
(Released by rising edge)

STOP mode setting

STOP release signal input
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

AC Characteristics

AC Test Input Measurement Points (Vob, AVrero, EVbp)

Voo Vi Vin

Measurement points
Vi Vie

ov

AC Test Output Measurement Points

Vo Vo
Measurement points

VoL Vou

Load Conditions

Caution

DUT
(Device under
measurement) ]_

;CL=5OPF

If the load capacitance exceeds 50 pF due to the circuit configuration, bring the load
capacitance of the device to 50 pF or less by inserting a buffer or by some other means.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

CLKOUT Output Timing

(Ta =-40to +125°C, Vop = EVop = AVrero = 3.5t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
Output cycle tevk <1> 62.5 ns 30.6 s
High-level width twkH <2> | \Vpp=4.0t05.5V tev/2 — 18 ns
Vob=3.5t05.5V tcvk/2 — 26 ns
Low-level width twkL <3> | Vop=4.0105.5V tev/2 — 18 ns
Voo =3.5t055V tevk/2 - 26 ns
Rise time tkR <4> | Vpp=4.0t05.5V 18 ns
Vobp=3.5t05.5V 26 ns
Fall ime tre <5> | Vop=4.0t05.5V 18 ns
Voo =35t055V 26 ns
Clock Timing
<1>
<2> <3>
\ /
CLKOUT (output) S
<4> <5>
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

Basic Operation

(1) Reset/external interrupt timing

(Ta =-40to +125°C, Voo = EVop = AVRero = 3.5t0 5.5V, Vss = EVss = AVss =0 V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

RESET low-level width twrsL1 | <87> | Reset in power-on status 2 7S]
twrstz | <88> | Power-on-reset when REGC = Vop 2 7]

Note | tvr > 150 us 10 s

tvr < 150 15 45 7S]

NMI high-level width twNiH <89> | Analog noise elimination 1 7S]
NMI low-level width twNIL <90> | Analog noise elimination 1 7S]
INTPn high-level width twitH <91> | n =0 to 6 (analog noise elimination) 600 ns
INTPn low-level width twitL <92> | n =0 to 6 (analog noise elimination) 600 ns

Note Power-on-reset when REGC = Capacity
Remarks 1. tvr: Time required for Vob to reach 0 V to 4.0 V (= operation lower-limit voltage)
2. The above specification shows the pulse width that is accurately detected as a valid edge. If a pulse

narrower than the above specification is input, therefore, it may also be detected as a valid edge.

Reset/Interrupt

Voo
<88> <87>
RESET (input)
<89> [ <90>
NMI (input)
<91> [ <92>

INTPn (input)

Remark n=0to6
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

Timer Timing

(Ta =-40to +125°C, Vopo = EVop = AVRrRero = 3.5t0 5.5V, Vss = EVss = AVss =0V, CL =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
TIOn high-level width trioH <93> | REGC =Vop =5V +10% 2/fsam + 100" ns
TIONn low-level width trio <94> | REGC = Capacity, Voo = 4.0t0 5.5V, 2/fsam + 200" ns
REGC =Vop =3.5t05.5V
TI5m high-level width trisH <95> | REGC =Vop =5V £10% 50 ns
TI5m low-level width trisL <96> | REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vop=3.5t05.5V
Note fsam = Timer count clock
However, fsam = fxx/4 when the TIOn valid edge is selected as the timer count clock.
Remarks 1. n=00, 01, 10, 11
m=0,1
2. The above specification shows the pulse width that is accurately detected as a valid edge. If a pulse

narrower than the above specification is input, therefore, it may also be detected as a valid edge.

Timer Input Timing

TIOn (input)
TI5m (input)

Remark n=00,01, 10, 11

<93>/<95> [

<94>/<96>

m=0,1
UART Timing
(Ta =-40to +125°C, Vobo = EVop = AVRero = 3.5t0 5.5V, Vss = EVss = AVss =0V, CL = 50 pF)
Parameter Symbol Conditions MIN. MAX. Unit
Transmit rate 3125 kbps
ASCKO frequency REGC =Vop =5V +10% 12 MHz
REGC = Capacity, Voo =4.0t0 5.5V, 6 MHz
REGC =Vopb=3.5t05.5V
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

CSIO Timing

(1) Master mode

(Ta =-40to +125°C, Vobo = EVop = AVRero = 3.51t0 5.5V, Vss = EVss = AVss =0V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
SCKOn cycle time tkeva <99> |REGC=Vop=4.0t05.5V 200 ns
REGC = Capacity, Voo =4.0t0 5.5V, 400 ns
REGC =Vop=3.5t05.5V
SCKOn high-/low-level width tkH1, tkir | <100> tkev/2 — 30 ns
SI0On setup time (to SCKOn) tsika <101> | REGC=Vop=4.0t05.5V 33 ns
REGC = Capacity, Voo =4.0t0 5.5V, 58 ns
REGC =Vop=3.5t055V
SI0n hold time (from SCKOn) tksi <102> | REGC =Vop =5V £10% 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 50 ns
REGC =Vop=3.5t05.5V
Delay time from SCKOn to SOOn tkso1 <103> | REGC =Vop=4.0t05.5V 30 ns
output REGC = Capacity, Voo = 4.0 t0 5.5 V, 60 ns
REGC =Vop=3.5t05.5V
Remark n=0,1
(2) Slave mode
(Ta =-40to +125°C, Vobo = EVop = AVRrRero = 3.5t0 5.5V, Vss = EVss = AVss =0V, CL = 50 pF)
Parameter Symbol Conditions MIN. MAX. Unit
SCKOn cycle time tkeyz <99> | REGC=Vop=4.0t055V 200 ns
REGC = Capacity, Voo = 4.0t0 5.5V, 400 ns
REGC =Vop=3.5t05.5V
SCKOn high-/low-level width tkH2, tkiz | <100> | REGC = Voo =4.0t0 5.5V 45 ns
REGC = Capacity, Voo = 4.0t0 5.5V, 90 ns
REGC =Vop=3.5t05.5V
SI0n setup time (to SCKOn) tsikz <101> | REGC =V =4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop=3.5t055V
SI0n hold time (from SCKOn) tsi2 <102> | REGC =V =4.0t05.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop=3.5t055V
Delay time from SCKOn to SOOn tksoz2 <103> | REGC =V =4.0t05.5V 50 ns
output REGC = Capacity, Voo = 4.0 t0 5.5 V, 100 ns
REGC =Vop=3.5t05.5V

Remark n=0,1
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

<99>

<100> _ <100>

SCKOn (1/0) —\_/_J\‘_X U

<101>| |<102>

Hi-Z Hi-Z
SION (input) ====================mmsmmsmmmmmmnm s { Input data |p===================--
<103>
SOO0n (output) X Output data X

Remarks 1. When transmit/receive type 1 (CSICn.CKPn, CSICn.DAPN bits = 00)
2. n=0,1
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

CSIA Timing

(1) Master mode

(Ta =-40to +125°C, Vobo = EVop = AVRero = 3.51t0 5.5V, Vss = EVss = AVss =0V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

SCKAO cycle time tkeys <99> | REGC=Vop=4.0t05.5V 500 ns
REGC = Capacity, Voo =4.0t0 5.5V, 1000 ns
REGC =Vop=3.5t05.5V

SCKAO high-/low-level width tkH3, <100> tkeval2 — 30 ns

kL3

SIAQ setup time (to SCKAO1) tsiks <101> | REGC=Vop=4.0t05.5V 39 ns
REGC = Capacity, Voo =4.0t0 5.5 V, 68 ns
REGC =Vop =3.5t05.5V

SIAO hold time (from SCKAO1) tksiz <102> | REGC =Vop=4.0t0 5.5V 30 ns
REGC = Capacity, Voo =4.0t0 5.5V, 60 ns
REGC =Vop =3.5t05.5V

Delay time from SCKAO! to SOAOQ tksos <103> | REGC=Vop=4.0t05.5V 30 ns

output REGC = Capacity, Voo = 4.0 t0 5.5 V, 60 ns
REGC =Vop=3.5t05.5V

(2) Slave mode

(Ta =-40to +125°C, Vob = EVop = AVRero = 3.51t0 5.5V, Vss = EVss = AVss =0V, CL = 50 pF)

Parameter Symbol Conditions MIN. MAX. Unit

SCKAO cycle time tkcya <99> | REGC=Vop=4.0t055V 840 ns
REGC = Capacity, Voo =4.0t0 5.5V, 1700 ns
REGC =Vop=3.5t05.5V

SCKAO high-/low-level width tkha, tka | <100> tkeval2 — 30 ns

SIAO setup time (to SCKAO1) tsika <101> | REGC =V =4.0t05.5V 50 ns
REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vop =3.5t05.5V

SIAO hold time (from SCKAO1) tksia <102> | REGC =Vop=4.0t0 5.5V 50 ns
REGC = Capacity, Voo =4.0t0 5.5V, 100 ns
REGC =Vop =3.5t05.5V

Delay time from SCKAO! to SOAQ | tksoa <103> | REGC=Vop=4.0t05.5V terx 2+ 30%° ns

output REGC = Capacity, Voo = 4.0t0 5.5 V, tyx2+60" | ns
REGC =Vop=3.5t05.5V

Note tcv: Internal clock output cycle

fxx (CSIS0.CKSAO1, CSIS0.CKSAOO bits = 00), fxx/2 (CKSA01, CKSA0O bits = 01)
fxx/2? (CKSAO01, CKSAOO bits = 10), fxx/2° (CKSA0L, CKSAOQO bits = 11)

760

User's Manual U16891EJ1VOUD




CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

<99>

<100> _ <100>

SCKAD (10) —\_/l_{s_f_\_/_

<101>| {<102>

Hi-Z Hi-Z
SIAD (input) =============mmssemmmssnnonennnenns <} ---------------------

<103>

SOAO (output) >< Output data X
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

I’C Bus Mode (Y Products (Products with On-Chip I°C) Only)
(Ta=-40to +125°C, Vobo = EVop = AVrero = 3.51t0 5.5V, Vss = EVss = AVss =0 V, CL =50 pF)

Parameter Symbol Normal Mode High-Speed Mode Unit
MIN. MAX. MIN. MAX.

SCLO clock frequency fewk 0 100 0 400 kHz
Bus free time tsur <104> 4.7 - 1.3 - 7S
(Between start and stop conditions)
Hold time"** tHD:STA <105> 4.0 - 0.6 - s
SCLO clock low-level width tLow <106> 4.7 - 1.3 - )73
SCLO clock high-level width tHiGH <107> 4.0 - 0.6 - 7S
Setup time for start/restart tsu:sTA <108> 4.7 - 0.6 - s
conditions
Data hold time | CBUS compatible | trppar <109> 5.0 - - - 5

master

I’C mode o've? - ove? 0.9"*? s
Data setup time tsu:paT <110> 250 - 100" - ns
SDAO and SCLO signal rise time tr <111> - 1000 20 + 0.1Cb™"*® 300 ns
SDAO and SCLO signal fall time tr <112> - 300 20 + 0.1Cb™**® 300 ns
Stop condition setup time tsu:sto <113> 4.0 - 0.6 - y7s
Pulse width of spike suppressed by tsp <114> - - 0 50 ns
input filter
Capacitance load of each bus line Cb - 400 - 400 pF

Notes 1. At the start condition, the first clock pulse is generated after the hold time.
2. The system requires a minimum of 300 ns hold time internally for the SDAO signal (at ViHmin. of SCLO
signal) in order to occupy the undefined area at the falling edge of SCLO.
3. If the system does not extend the SCLO signal low hold time (t.ow), only the maximum data hold time
(tHo:pAT) Needs to be satisfied.
4. The high-speed mode I°C bus can be used in the normal-mode I°C bus system. In this case, set the high-
speed mode I°C bus so that it meets the following conditions.
« If the system does not extend the SCLO signal’s low state hold time:
tsu:paT =250 ns
« If the system extends the SCLO signal’s low state hold time:
Transmit the following data bit to the SDAO line prior to the SCLO line release (trmax. + tsu:bat = 1000
+ 250 = 1250 ns: Normal mode I°C bus specification).
5. Cb: Total capacitance of one bus line (unit: pF)
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

I’C Bus Mode (Y Products (Products with On-Chip I’C) Only)

<106> <107>

I R s \ | ; n
scogo) 1 b N SN -\ . / \__/
R N e pe<105>  <114> S I
1 <105> vl vl
E LE E E | ()() E E E ;
soroo)y 0 N / X N A \ 4
<1045 "= £ L X T
1 ‘I + : <111> <112> 1 : i .
Stop o S_t_e{rt Ré-sie_\rt Stbbu
condition condition condition condition
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CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS) (TARGET)

A/D Converter

(Ta =—40 to +125°C, Vob = EVpp = AVRero = 3.5 10 5.5 V, Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error™" 4.0<AVRer0< 5.5V +0.2 0.7 %FSR

3.5<AVrero<4.0V +0.3 +0.9 %FSR
Conversion time tconv 40<AVRer0 <55V 14 60 us
3.5<AVrero<4.0V 17 60 us
Zero-scale error*™®’ 4.0<AVRer0< 5.5V +0.7 %FSR
3.5<AVrer0<4.0V 0.9 %FSR
Full-scale error*™" 4.0<AVRer0 <55V 0.7 %FSR
3.5<AVrer0<4.0V 0.9 %FSR
Non-linearity error*** 4.0<AVReF0<5.5V 5.5 LSB
3.5<AVrero<4.0V +7.5 LSB
Differential linearity 40<AVRer0 <55V +2.5 LSB
error'®** 3.5<AVrero < 4.0 V 3.0 LSB
Analog input voltage Vian 0 AVREFo \Y
AVrero current |IArero | When using A/D converter 1.0 2.0 mA
When not using A/D converter 1.0 10 LA

Notes 1. Excluding quantization error (+0.05 %FSR).
2. Excluding quantization error (+0.5 LSB).

Remark LSB: Least Significant Bit

FSR: Full Scale Range
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CHAPTER 31 PACKAGE DRAWINGS

80-PIN PLASTIC QFP (14x14)
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detail of lead end

NOTE

Each lead centerline is located within 0.13 mm of
its true position (T.P.) at maximum material condition.
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CHAPTER 31 PACKAGE DRAWINGS

80-PIN PLASTIC TQFP (FINE PITCH) (12x12)
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CHAPTER 32 RECOMMENDED SOLDERING CONDITIONS

The V850ES/KF1 should be soldered and mounted under the following recommended conditions.

For soldering methods and conditions other than those recommended below, contact an NEC Electronics sales
representative.

For technical information, see the following website.

Semiconductor Device Mount Manual (http://www.necel.com/pkg/en/mount/index.html)

Table 32-1. Surface Mounting Type Soldering Conditions (1/2)

(1) HPD703208GK-xxx-9EU: 80-pin plastic TQFP (fine pitch) (12 x 12)
HPD703208YGK-xxx-9EU: 80-pin plastic TQFP (fine pitch) (12 x 12)
HMPD703209GK-xxx-9EU:  80-pin plastic TQFP (fine pitch) (12 x 12)
HPD703209YGK-xxx-9EU: 80-pin plastic TQFP (fine pitch) (12 x 12)
HPD703210GK-xxx-9EU:  80-pin plastic TQFP (fine pitch) (12 x 12)
HMPD703210YGK-xxx-9EU: 80-pin plastic TQFP (fine pitch) (12 x 12)
HPD70F3210GK-9EU: 80-pin plastic TQFP (fine pitch) (12 x 12)
HPD70F3210YGK-9EU: 80-pin plastic TQFP (fine pitch) (12 x 12)

Soldering Method Soldering Conditions Recommended
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. (at 210°C or higher), IR35-107-2
Count: Two times or less, Exposure limit: 7 days"** (after that, prebake at 125°C for 10 to
72 hours)
VPS Package peak temperature: 215°C, Time: 25 to 40 seconds (at 200°C or higher), VP15-107-2
Count: Two times or less, Exposure limit: 7 days"** (after that, prebake at 125°C for 10 to
72 hours)
Partial heating Pin temperature: 350°C max., Time: 3 seconds max. (per pin row) -

Note After opening the dry pack, store it at 25°C or less and 65% RH or less for the allowable storage period.

Caution Do not use different soldering methods together (except for partial heating).

Remark Soldering conditions for the special grade (A), (Al), and (A2) products are the same as for the standard
products.
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CHAPTER 32 RECOMMENDED SOLDERING CONDITIONS

Table 32-1. Surface Mounting Type Soldering Conditions (2/2)

(2) pPD703208GC-xxx-8BT: 80-pin plastic QFP (14 x 14)
H#PD703208YGC-xxx-8BT: 80-pin plastic QFP (14 x 14)
HuPD703209GC-xxx-8BT:  80-pin plastic QFP (14 x 14)
H#PD703209YGC-xxx-8BT: 80-pin plastic QFP (14 x 14)
H#PD703210GC-xxx-8BT:  80-pin plastic QFP (14 x 14)
HuPD703210YGC-xxx-8BT: 80-pin plastic QFP (14 x 14)
H#PD70F3210GC-8BT: 80-pin plastic QFP (14 x 14)
uPD70F3210YGC-8BT: 80-pin plastic QFP (14 x 14)

Soldering Method Soldering Conditions Recommended
Condition Symbol

Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. (at 210°C or higher), IR35-107-2
Count: Two times or less, Exposure limit: 7 days** (after that, prebake at 125°C for 10 to
72 hours)

VPS Package peak temperature: 215°C, Time: 25 to 40 seconds (at 200°C or higher), VP15-107-2
Count: Two times or less, Exposure limit: 7 days"** (after that, prebake at 125°C for 10 to
72 hours)

Wave soldering Solder bath temperature: 260°C max., Time: 10 seconds max., Count: Once, WS60-107-1
Preheating temperature: 120°C max. (package surface temperature),
Exposure limit: 7 days™* (after that, prebake at 125°C for 10 hours)

Partial heating Pin temperature: 350°C max., Time: 3 seconds max. (per pin row) -

Note After opening the dry pack, store it at 25°C or less and 65% RH or less for the allowable storage period.

Caution Do not use different soldering methods together (except for partial heating).

Remark Soldering conditions for the special grade (A), (Al), and (A2) products are the same as for the standard
products.

(3) 4PD703211GC-xxx-8BT: 80-pin plastic QFP (14 x 14)
H#PD703211YGC-xxx-8BT: 80-pin plastic QFP (14 x 14)
H#PD703211GK-xxx-9EU:  80-pin plastic TQFP (fine pitch) (12 x 12)
H#PD703211YGK-xxx-9EU: 80-pin plastic TQFP (fine pitch) (12 x 12)
MPD70F3210HGC-8BT: 80-pin plastic QFP (14 x 14)
MPD70F3210HYGC-8BT:  80-pin plastic QFP (14 x 14)
H#PD70F3210HGK-9EU: 80-pin plastic TQFP (fine pitch) (12 x 12)
MPD70F3210HYGK-9EU:  80-pin plastic TQFP (fine pitch) (12 x 12)
MPD70F3211HGC-8BT: 80-pin plastic QFP (14 x 14)
HUPD70F3211HYGC-8BT:  80-pin plastic QFP (14 x 14)
#PD70F3211HGK-9EU: 80-pin plastic TQFP (fine pitch) (12 x 12)
HMPD70F3211HYGK-9EU:  80-pin plastic TQFP (fine pitch) (12 x 12)

Undefined
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the V850ES/KF1.
Figure A-1 shows the development tool configuration.

e Support for PC98-NX series
Unless otherwise specified, products supported by IBM PC/AT™ compatibles are compatible with PC98-NX
series computers. When using PC98-NX series computers, refer to the explanation for IBM PC/AT compatibles.

e Windows™
Unless otherwise specified, “Windows” means the following OSs.
e Windows 98
e Windows 2000
e Windows Me
¢ Windows XP
e Windows NT™ Ver. 4.0
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Figure A-1. Development Tool Configuration

Language processing software —————— — Debugging software

» C compiler package * Integrated debugger

1

1

1

1

1

1

:

. . !
@ « Device file @ « System simulator !
1

1

1

1

1

1

Control software

Embedded software
* Real-time OS

« Project manager
(Windows only)Note 1

* Network library

""""""""""""""""""" ! @ » File system

Host machine (PC or EWS)

Interface adapter°e 2

Power supply unit

— Flash memory write environment =]

In-circuit emulator
Flash programmer (IE-VB50ES-G1)Mte

(IE-V850ESK1-ET)Nete 4
(QB-V850ESKX1H)Notes

Flash memory
write adapter

Flash memory

Conversion socket or
ﬂ conversion adapter

Target system

Notes 1. The project manager PM plus is included in the assembler package.
The PM plus is only used for Windows.

2. QB-V850ESKX1H supports USB only.

3. Products other than in-circuit emulator IE-V850ES-G1 are all sold separately.

4. In-circuit emulator IE-V850ESK1-ET is supplied with integrated debugger ID850, a device file, power
supply unit, PCI bus interface adapter IE-70000-PCI-IF-A, and emulation probe. Any other products
are sold separately.

5. In-circuit emulator QB-V850ESKX1H is supplied with integrated debugger ID850QB, a device file,
and power supply unit. Any other products are sold separately.
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A.1 Software Package

SP850 Development tools (software) common to the V850 Series are combined in this package.
V850 Series software package

Part number: uSxxxxSP850

Remark xxxx in the part number differs depending on the host machine and OS used.

HUSxxxxSP850
XXXX Host Machine oS Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)

A.2 Language Processing Software

CA850 This compiler converts programs written in C language into object codes executable with
C compiler package a microcontroller. This compiler is started from project manager PM plus.

Part number: #SxxxxCA703000

DF703210""", This file contains information peculiar to the device.
DF703211 (provisional name)""*? This device file should be used in combination with a tool (CA850, SM850, and 1D850).
Device file The corresponding OS and host machine differ depending on the tool to be used.

Notes 1. Only in the £4PD703208, 703208Y, 703209, 703209Y, 703210, 703210Y, 70F3210, 70F3210Y
2. Under development

Remark xxxx in the part number differs depending on the host machine and OS used.

HSxxxxCA703000
XXXX Host Machine os Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)
3K17 SPARCstation™ SunOS™ (Rel. 4.1.4),
Solaris™ (Rel. 2.5.1)

A.3 Control Software

PM plus This is control software designed to enable efficient user program development in the

Project manager Windows environment. All operations used in development of a user program, such as
starting the editor, building, and starting the debugger, can be performed from PM plus.
<Caution>

PM plus is included in the C compiler package CA850.
It can only be used in Windows.
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A.4 Debugging Tools (Hardware)

A.4.1 When using in-circuit emulator IE-V850ES-G1

IE-V850ES-G1
In-circuit emulator

The in-circuit emulator serves to debug hardware and software when developing
application systems using a V850 Series product. It corresponds to the integrated
debugger ID850. This emulator should be used in combination with a power supply
unit, emulation probe, and the interface adapter required to connect this emulator to
the host machine.

IE-70000-CD-IF-A
PC card interface

This is PC card and interface cable required when using a notebook-type computer
as the host machine (PCMCIA socket compatible).

IE-70000-PCI-IF-A
Interface adapter

This adapter is required when using a computer with a PCI bus as the host machine.

Emulation board

IE-703210-G1-EM1

This board emulates the operations of the peripheral hardware peculiar to a device. It
should be used in combination with an in-circuit emulator.

GXP-CABLE
Emulation probe

This probe is used to connect the in-circuit emulator and target system. This is
supplied with emulation board 1E-703210-G1-EM1.

EV-703210GC
Conversion adapter

This conversion adapter is used to connect the emulation probe and target system
board on which an 80-pin plastic QFP (GC-8BT type) can be mounted.

EV-703210GK
Conversion adapter

This conversion adapter is used to connect the emulation probe and target system
board on which an 80-pin plastic TQFP (GK-9EU type) can be mounted.

Remark EV-703210GC and EV-703210GK are products of Application Corporation.
TEL: +81-42-732-1377 Application Corporation

A.4.2 When using in-circuit emulator IE-V850ESK1-ET

In-circuit emulator

IE-V850ESK1-ET""*

The in-circuit emulator serves to debug hardware and software when developing
application systems using a V850ES/KF1 product. It corresponds to the integrated
debugger ID850. This emulator should be used in combination with a power supply
unit, emulation probe, and the interface adapter required to connect this emulator to
the host machine.

IE-70000-PCI-IF-A
Interface adapter

This adapter is required when using a computer with a PCI bus as the host machine.
This is supplied with IE-V850ESK1-ET.

Emulation probe

This probe is used to connect the in-circuit emulator and target system. This is
supplied with IE-V850ESK1-ET.

EV-703210GC
Conversion adapter

This conversion adapter is used to connect the emulation probe and target system
board on which an 80-pin plastic QFP (GC-8BT type) can be mounted.

EV-703210GK
Conversion adapter

This conversion adapter is used to connect the emulation probe and target system
board on which an 80-pin plastic TQFP (GK-9EU type) can be mounted.

Note

IE-VB50ESK1-ET is supplied with a power supply unit and PCI bus interface adapter IE-70000-PCI-IF-A.

is also supplied with integrated debugger ID850 and a device file as control software.

Remark EV-703210GC and EV-703210GK are products of Application Corporation.
TEL: +81-42-732-1377 Application Corporation
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A.4.3 When using in-circuit emulator QB-V850ESKX1H

QB-V850ESKX1H " "? The in-circuit emulator serves to debug hardware and software when developing
In-circuit emulator application systems using a V850ES/KF1 product. It corresponds to the integrated
debugger ID850QB. This emulator should be used in combination with a power
supply unit and emulation probe. Use USB to connect this emulator to the host
machine.

Note 2

Emulation probe for GC package This probe is used to connect the in-circuit emulator and target system, and is

(part number pending) designed for an 80-pin plastic QFP (GC-8BT type).

Note 2

Emulation probe for GK package This probe is used to connect the in-circuit emulator and target system, and is

(part number pending) designed for an 80-pin plastic TQFP (GK-9EU type).

Notes 1. QB-VB850ESKX1H is supplied with a power supply unit. It is also supplied with integrated debugger
ID850QB and a device file as control software.
2. Under development

A.5 Debugging Tools (Software)

SMm850™* This is a system simulator for the V850 Series. The SM850 and SM plus are Windows-
System simulator based softwares.
SM plus™® It is used to perform debugging at the C source level or assembler level while simulating

the operation of the target system on a host machine.

Use of the SM850 and SM plus allows the execution of application logical testing and
performance testing on an independent basis from hardware development, thereby
providing higher development efficiency and software quality.

The SM850 and SM plus should be used in combination with the device file (sold
separately).

System Simulator

Part number: £SxxxxSM703000 (SM850)
USxxxxSM703100 (SM plus)

ID850 This debugger supports the in-circuit emulators for the V850 Series. The ID850 and
Integrated debugger ID850QB are Windows-based software.

(supporting in-circuit emulators It has improved C-compatible debugging functions and can display the results of tracing
IE-V850ES-G1 and IE-V850ESK1-ET) | with the source program using an integrating window function that associates the source
ID850QB ____________________________ program, disassemble display, and memory display with the trace result.

It should be used in combination with the device file (sold separately).

Integrated debugger
(supporting in-circuit emulator Part number: £SxxxxID703000, xSxxxxID703000-GC (ID850)
QB-V850ESKX1H)

Note Under development

Remark xxxx in the part number differs depending on the host machine and OS used.

HSxxxxSM703000
HSxxxxSM703100
HSxxxxID703000
HSxxxxID703000-GC

XXXX Host Machine os Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)
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A.6 Embedded Software

RX850, RX850 Pro
Real-time OS

The RX850 and RX850 Pro are real-time OSs conforming to zITRON 3.0 specifications.
A tool (configurator) for generating multiple information tables is supplied.
RX850 Pro has more functions than RX850.

Part number: £SxxxxRX703000-AAAA (RX850)
HSxxxxRX703100-AAAA (RX850 Pro)

V850mini-NET (provisional name)
(Network library)

This is a network library conforming to RFC.

Itis a lightweight TCP/IP of compact design, requiring only a small memory.

In addition to the TCP/IP standard set, an HTTP server, SMTP client, and POP client are
also supported.

RX-FS850
(File system)

This is a FAT file system function.
Itis a file system that supports the CD-ROM file system function.
This file system is used with the real-time OS RX850 Pro.

Caution To purchase the RX850 or RX850 Pro, first fill in the purchase application form and sign the user

agreement.

Remark

HUSxxxxRX703000-AAAA
HUSxxxxRX703100-AAAA

xxxx and AAAA in the part number differ depending on the host machine and OS used.

AAAA Product Outline Maximum Number for Use in Mass Production

001 Evaluation object Do not use for mass-produced product.

100K Mass-production object 0.1 million units

001M 1 million units

010M 10 million units

S01 Source program Object source program for mass production

XXXX Host Machine oS Supply Medium

AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)
3K17 SPARCSstation Solaris (Rel. 2.5.1)

A.7 Flash Memory Writing Tools

Flashpro IV
(part number: PG-FP4)
Flash programmer

Flash programmer dedicated to microcontrollers with on-chip flash memory.

FA-80GC-8BT-A
Flash memory writing adapter

Flash memory writing adapter used connected to Flashpro IV.
e FA-80GC-8BT-A: For 80-pin plastic QFP (GC-8BT type)

FA-80GK-9EU-A
Flash memory writing adapter

Flash memory writing adapter used connected to Flashpro IV.
e FA-80GK-9EU-A: For 80-pin plastic TQFP (GK-9EU type)

Remark FA-80GC-8BT-A and FA-80GK-9EU-A are products of Naito Densei Machida Mfg. Co., Ltd.
TEL: +81-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.
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B.1 Conventions

APPENDIX B INSTRUCTION SET LIST

(1) Register symbols used to describe operands

Register Symbol

Explanation

regl General-purpose registers: Used as source registers.

reg2 General-purpose registers: Used mainly as destination registers. Also used as source register in some
instructions.

reg3 General-purpose registers: Used mainly to store the remainders of division results and the higher 32 bits of
multiplication results.

bit#3 3-bit data for specifying the bit number

immX X bit immediate data

dispX X bit displacement data

reglD System register number

vector 5-bit data that specifies the trap vector (O0H to 1FH)

ccee 4-bit data that shows the condition codes

sp Stack pointer (r3)

ep Element pointer (r30)

listX X item register list

(2) Register symbols used to describe opcodes

Register Symbol

Explanation

R 1-bit data of a code that specifies regl or reglD

r 1-bit data of the code that specifies reg2

w 1-bit data of the code that specifies reg3

d 1-bit displacement data

| 1-bit immediate data (indicates the higher bits of immediate data)
i 1-bit immediate data

ccee 4-bit data that shows the condition codes

CCccC 4-bit data that shows the condition codes of Bcond instruction
bbb 3-bit data for specifying the bit number

L 1-bit data that specifies a program register in the register list
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(3) Register symbols used in operations

Register Symbol Explanation
- Input for
GR[ ] General-purpose register
SR[ ] System register

zero-extend (n)

Expand n with zeros until word length.

sign-extend (n)

Expand n with signs until word length.

load-memory (a, b)

Read size b data from address a.

store-memory (a, b, ¢)

Write data b into address a in size c.

load-memory-bit (a, b)

Read bit b of address a.

store-memory-bit (a, b, c)

Write c to bit b of address a.

saturated (n)

Execute saturated processing of n (n is a 2's complement).

If, as a result of calculations,

n = 7FFFFFFFH, let it be 7FFFFFFFH.
n < 80000000H, let it be 80000000H.

result Reflects the results in a flag.
Byte Byte (8 bits)

Halfword Halfword (16 bits)

Word Word (32 bits)

+ Addition

- Subtraction

I Bit concatenation

X Multiplication

+ Division

% Remainder from division results
AND Logical product

OR Logical sum

XOR Exclusive OR

NOT Logical negation

logically shift left by

Logical shift left

logically shift right by

Logical shift right

arithmetically shift right by

Arithmetic shift right

(4) Register symbols used in

execution clock

Register Symbol Explanation
i If executing another instruction immediately after executing the first instruction (issue).
r If repeating execution of the same instruction immediately after executing the first instruction (repeat).
| If using the results of instruction execution in the instruction immediately after the execution (latency).
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(5) Register symbols used in flag operations

Identifier Explanation
(Blank) No change
0 Clearto O
X Set or cleared in accordance with the results.
R Previously saved values are restored.
(6) Condition codes
Condition Name Condition Code Condition Formula Explanation
(cond) (ccee)
\Y 0000 ov=1 Overflow
NV 1000 ov=0 No overflow
C/L 0001 Cy=1 Carry
Lower (Less than)
NC/NL 1001 CY=0 No carry
Not lower (Greater than or equal)
z 0010 zZ=1 Zero
NZ 1010 Z=0 Not zero
NH 0011 (Cyorz)=1 Not higher (Less than or equal)
H 1011 (CYorz)=0 Higher (Greater than)
SIN 0100 S=1 Negative
NS/P 1100 S=0 Positive
T 0101 - Always (Unconditional)
SA 1101 SAT=1 Saturated
LT 0110 (SxoroVv)=1 Less than signed
GE 1110 (SxorQV)=0 Greater than or equal signed
LE 0111 ((SxorOV)orz)y=1 Less than or equal signed
GT 1111 ((SxorQV)orz)=0 Greater than signed
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INSTRUCTION SET LIST

B.2 Instruction Set (in Alphabetical Order)
(1/6)
Mnemonic Operand Opcode Operation Execution Flags
Clock
i|r| I |CYlOV|S SAT]
ADD regl,reg2 rrrrr001110RRRRR | GR[reg2] — GR[reg2]+GR[regl] 112 x|x]|x
immb5,reg2 rrrrr010010iiiii | GR[reg2] — GR[reg2]+sign-extend(immb5) 111 x|x]|x
ADDI imm16,regl,reg2 rrrrrl110000RRRRR | GRreg2] — GR[regl]+sign-extend(imm16) 112 x|x]|x
pidiiiiiiiiiiiii
AND regl,reg2 rrrrr001010RRRRR | GR[reg2] — GR[reg2]AND GR[reg1] 1111 0| x
ANDI imm16,reg1,reg2 rrrrrl10110RRRRR | GR[reg2] — GR[reg1]AND zero-extend(imm16) 1111 0| x
Pidiiiiiiiiiiiii
Bcond disp9 ddddd101l1ldddcccc | if conditions are satisfied When conditions | 2 | 2 | 2
Note 1 | then PC — PC+sign-extend(disp9) | are satisfied Note 2| Note 2|Note 2
When conditions |1 [1 | 1
are not satisfied
BSH reg2,reg3 rrrrr11111100000 | GR[reg3] — GR[reg2] (23 : 16) Il GR[reg2] (31 : 24) Il 11|21 |x|0]|x
wwwww01101000010 | GR[reg2] (7 : 0) Il GR[reg2] (15 : 8)
BSW reg2,reg3 rrrrr11111100000 | GR[reg3] - GR[reg2] (7 : 0) Il GR[reg2] (15 : 8) Il GR 111 x|0]x
wwwww01101000000 | [reg2] (23 : 16) Il GR[reg2] (31 : 24)
CALLT immé 0000001000Qiiiiii | CTPC~PC+2(return PC) 4144
CTPSW - PSW
adr — CTBP+zero-extend(immé6 logically shift left by 1)
PC — CTBP+zero-extend(Load-memory(adr,Halfword))
CLR1 bit#3,disp16[regl] | 10bbb111110RRRRR | adr GR[regl]+sign-extend(disp16) 3[3|3
dddddddddddddddd | Z flag — Not(Load-memory-bit(adr,bit#3)) Note 3 Note 3|Note 3
Store-memory-bit(adr,bit#3,0)
reg2,[regl] rrrrrl11111RRRRR | adr - GR[regl] 3|13](3
0000000011100100 | Z flag — Not(Load-memory-bit(adr,reg2)) Note 3|Note 3|Note 3
Store-memory-bit(adr,reg2,0)
CMOV ccce,immb,reg2,reg3 (rrrrr111111iiiii |if conditions are satisfied 1111
wwwww011000ccccO | then GR[reg3] — sign-extended(immb5)
else GR[reg3] - GR[reg2]
ccce,regl,reg2,reg3 | rrrrr111111RRRR if conditions are satisfied 1111
wwwww011001ccccO | then GR[reg3] — GR[regl]
else GR[reg3] - GR[reg2]
CMP regl,reg2 rrrrr001111RRRRR | result -« GR[reg2]-GR[reg1] 12121 x| x]|x
immb5,reg2 rrrrr010011iiiii | result—GR[reg2]-sign-extend(imm5) 1121 x|x]|x
CTRET 0000011111100000 | PC~CTPC 3([3(3|R|R|R R
0000000101000100 | PSW.CTPSW
DBRET 0000011111100000 | PC~DBPC 3|3[3|R|R|R R
0000000101000110 | PSW . DBPSW
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(2/6)
Mnemonic Operand Opcode Operation Execution Flags
Clock
i|r| I |CYlOV|S SAT]
DBTRAP 1111100001000000 | DBPC —PC+2 (restored PC) 3(3(3
DBPSW ~ PSW
PSW.NP 1
PSW.EP -1
PSW.ID -1
PC ~00000060H
DI 0000011111100000 | PSW.ID-1 1]11]1
0000000101100000
DISPOSE | immb5,list12 0000011001iiiiiL | sp«sp+zero-extend(immb5 logically shift left by 2) n+1l|n+1|{n+1
LLLLLLLLLLLOOOOO | GR[reg in list12] . Load-memory(sp,Word) Note 4|Note 4|Note 4|
Sp —spt+4
repeat 2 steps above until all regs in list12 is loaded
immb5,list12,[regl] [0000011001iiiiiL | sp«sp+zero-extend(immb logically shift left by 2) n+3(n+3|n+3
LLLLLLLLLLLRRRRR | GR[reg in list12] — Load-memory(sp,Word) Note 4|Note 4|Note 4|
Note 5 | SP—Sp+4
repeat 2 steps above until all regs in list12 is loaded
PC ~ GR[reg1]
DIV regl,reg2,reg3 rrrrr111111RRRRR | GR[reg2] — GR[reg2]+GR[regl] 35|35|35 x | x
wwwww01011000000 | GR[reg3] - GR[reg2]%GR[reg1]
DIVH regl,reg2 rrrrr000010RRRRR | GR[reg2] — GR[reg2]+GR[reg1]*"* 353535 x | x
regl,reg2,reg3 rrrrr111111RRRRR | GRreg2] — GR[reg2]+GR[reg1]"** 353535 x | x
wwwww01010000000 | GR[reg3] - GR[reg2]%GR[reg1]
DIVHU regl,reg2,reg3 rrrrr111111RRRRR | GR[reg2] — GR[reg2]+GR[reg1]"* 34 (34|34 x | x
wwwww01010000010 | GR[reg3] — GR[reg2]%GR[reg1]
DIVU regl,reg2,reg3 rrrrrl111111RRRRR | GR[reg2] - GR[reg2]+GR[regl] 3413434 x | x
wwwww01011000010 | GR[reg3] - GR[reg2]%GR[reg1]
El 1000011111100000 | PSW.ID-0 1]11]1
0000000101100000
HALT 0000011111100000 | Stop 111]1
0000000100100000
HSW reg2,reg3 rrrrr11111100000 | GR[reg3] - GR[reg2](15 : 0) Il GR[reg2] (31 : 16) 1 (11| x|{0]x
wwwww01101000100
JARL disp22,reg2 rrrrr11110dddddd | GR[reg2] - PC+4 212|2
dddddddddddddddO | PC . PC+sign-extend(disp22)
Note 7
JMP [regl] 00000000011RRRRR | PC ~GR[reg1] 3 (3|3
JR disp22 0000011110dddddd | PC ~ PC+sign-extend(disp22) 212|2
dddddddddddddddo
Note 7
LD.B disp16[regl],reg2 |rrrrr111000RRRRR | adr — GR[regl]+sign-extend(disp16) 1| 1 |Note
dddddddddddddddd | GR[reg2] — sign-extend(Load-memory(adr,Byte)) 11
LD.BU disp16[regl],reg2 |rrrrr11110bRRRRR | adr — GR[regl]+sign-extend(disp16) 1| 1 |Note
dddddddddddddd1 GR[reg2] — zero-extend(Load-memory(adr,Byte)) 11
Notes 8, 10
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(3/6)
Mnemonic Operand Opcode Operation Execution Flags
Clock
i|r |l |CYlOV|S SAT]
LD.H disp16[regl],reg2 |rrrrrl11001RRRRR | adr— GR[regl]+sign-extend(disp16) 1| 1 |Note
dddddddddddddddO | GR[reg2] - sign-extend(Load-memory(adr,Halfword)) 1
Note 8
LDSR reg2,reglD rrrrrl111111RRRRR | SR[reglD] — GR[reg2] OtherthanreglD=PSW | 1 |1 | 1
0000000000100000 regD = PSW 111 x| x]x %
Note 12
LD.HU displ6[regl],reg2 | rrrrrl111111RRRRR | adr — GR[regl]+sign-exend(disp16) 1| 1 |Note
dddddddddddddddl | GR[reg2] — zero-extend(Load-memory(adr,Halfword) 11
Note 8
LD.W disp16[regl],reg2 |rrrrr111001RRRRR | adr— GR[regl]+sign-exend(disp16) 1| 1 |Note
dddddddddddddddl | GR[reg2] — Load-memory(adr,Word) 11
Note 8
MOV regl,reg2 rrrrrO00000RRRRR | GR[reg2] — GR[regl] 1111
immb5,reg2 rrrrr010000iiiii | GR[reg2] —sign-extend(immb) 1111
imm32,regl 00000110001RRRRR | GR[regl] —imm32 2122
Piiiiiiiiiiiiiii
FEErrrrrerrrrrned
MOVEA imm16,regl,reg2 rrrrrl10001RRRRR | GRreg2] — GR[regl]+sign-extend(imm16) 1111
Piiiiiiiiiiiiiii
MOVHI imm16,regl,reg2 rrrrrl10010RRRRR | GR[reg2] — GR[regl]+(imm16 Il 0*°) 111]1
Piiiiiiiiiiiiiii
MUL regl,reg2,reg3 rrrrrl11111RRRRR | GR[reg3] Il GR[reg2] — GR[reg2]xGR[reg1] 11415
wwwww01000100000 | Note 14
imm9,reg2,reg3 rrrrr111111i0iiii | GR[reg3] Il GR[reg2] — GR[reg2]xsign-extend(imm9) 11415
wwwww01001111100
Note 13
MULH regl,reg2 rrrrr000111RRRRR | GRreg2] — GR[reg2]™* *xGR[reg1]*® 111]2
imm5,reg2 rrrrr010111iiiii | GR[reg2] — GR[reg2]™* °xsign-extend(imm5) 1112
MULHI imm16,regl,reg2 rrrrr110111RRRRR | GRreg2] — GR[regl]™* *ximm16 11112
Piiiiiiiiiiiiiii
MULU regl,reg2,reg3 rrrrrl11111RRRRR | GRreg3] Il GR[reg2] — GR[reg2]xGR[regl] 11415
wwwww01000100010 | Note 14
imm9,reg2,reg3 rrrrr111111i0iiii | GR[reg3] Il GR[reg2] — GR[reg2]xzero-extend(imm9) 11415
wwwwwO01001I111110
Note 13
NOP 0000000000000000 | Pass at least one clock cycle doing nothing. 1111
NOT regl,reg2 rrrrr000001RRRRR | GR[reg2] - NOT(GR[regl]) 1111 0| x
NOT1 bit#3,disp16[regl] | 01bbb111110RRRRR | adr GR[regl]+sign-extend(disp16) 3[3|3
dddddddddddddddd | Z flag — Not(Load-memory-bit(adr,bit#3)) Note3INote3INote 3
Store-memory-bit(adr,bit#3,Z flag)
reg2,[regl] rrrrrl111111RRRRR | adr - GR[regl] 313](3
0000000011100010 | Z flag — Not(Load-memory-bit(adr,reg2)) Note 3|Note 3|Note 3]
Store-memory-bit(adr,reg2,Z flag)
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(4/6)
Mnemonic Operand Opcode Operation Execution Flags
Clock
i|r| I |CYlOV|S SAT]
OR regl,reg2 rrrrr001000RRRRR | GR[reg2] — GR[reg2]OR GR[reg1] 111])1 0| x
ORI imm16,regl,reg2 | rrrrrl10100RRRRR | GR[reg2] — GR[reg1]OR zero-extend(imm16) 1111 0| x
piiiiiiiiiiiiiii
PREPARE | list12,imm5 0000011110iiiiiL | Store-memory(sp—4,GRJreg in list12],Word) n+1l{n+1|n+1
LLLLLLLLLLLOOOO1 | sp«sp—4 note alNotealNote
repeat 1 step above until all regs in list12 is stored
Sp — sp-zero-extend(immb)
list12,immb5, 0000011110iiiiiL | Store-memory(sp—4,GR[reg in list12],Word) n+2|n+2|n+2
splimme LLLLLLLLLLLffO11 |sp-sp+4 Note 4| Note 2| Note !
imm16/imm32 repeat 1 step above until all regs in list12 is stored
. Note17|Note 17| Note 17|
Note 16 sp — sp-zero-extend (immb5)
ep —sp/imm
RETI 0000011111100000 | if PSW.EP=1 313|(3 R|R|R R
0000000101000000 | then PC  —EIPC
PSW ~EIPSW
else if PSW.NP=1
then PC ~FEPC
PSW ~FEPSW
else PC ~EIPC
PSW ~EIPSW
SAR regl,reg2 rrrrrl11111RRRRR | GR[reg2] ~ GRreg2]arithmetically shift right 1(1]1|x]|0|x
0000000010100000 | by GR[regl]
imm5,reg2 rrrrr010101iiiii | GRlreg2] — GR[reg2]arithmetically shift right 1111 x]0] x
by zero-extend (immb5)
SASF ccee,reg2 rrrrrl111110cccc | if conditions are satisfied 111]1
0000001000000000 | then GR[reg2] — (GR[reg2]Logically shift left by 1)
OR 00000001H
else GR[reg2] - (GR[reg2]Logically shift left by 1)
OR 00000000H
SATADD | regl,reg2 rrrrr000110RRRRR | GR[reg2] — saturated(GR[reg2]+GR[reg1]) 111 x|x|x X
immb5,reg2 rrrrr010001iiiii | GR[reg2] - saturated(GR[reg2]+sign-extend(immb5)) 1211 | x|x]|x x
SATSUB | regl,reg2 rrrrr000101RRRRR | GR[reg2] — saturated(GR[reg2]-GR[reg1]) 111 x|x|x X
SATSUBI |imm16,regl,reg2 rrrrr110011RRRRR | GR[reg2] - saturated(GR[regl]-sign-extend(imm16)) | 1 | 1 | 1 | x | x | x x
pidiiiiiiiiiiiii
SATSUBR | regl,reg2 rrrrr000100RRRRR | GR[reg2] - saturated(GR[reg1]-GR[reg2]) L1 1] x|x|x %
SETF ccce,reg2 rrrrr1111110cccc | If conditions are satisfied 1111
0000000000000000 | then GR[reg2] — 00000001H
else GR[reg2] — 00000000H
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(5/6)
Mnemonic Operand Opcode Operation Execution Flags
Clock
i|r |l |CYlOV|S SAT]
SET1 bit#3,disp16[regl] | 00bbb111110RRRRR | adr—GR[regl]+sign-extend(disp16) 3[3]|3
dddddddddddddddd | Z flag — Not (Load-memory-bit(adr,bit#3)) Note 3| Note 3|Note 3
Store-memory-bit(adr,bit#3,1)
reg2,[regl] rrrrr111111RRRRR | adr - GR[regl] 3[3|3
0000000011100000 | Z flag — Not(Load-memory-bit(adr,reg2)) Note 3| Note 3|Note 3
Store-memory-bit(adr,reg2,1)
SHL regl,reg2 rrrrrl11111RRRRR | GRIreg2] — GR[reg?2] logically shift left by GR[reg1] 11|21 |x|0]x
0000000011000000
imm5,reg2 rrrrr010110iiiii | GRreg2] — GR[reg2] logically shift left 11 |1]|x|0]x
by zero-extend(immb5)
SHR regl,reg2 rrrrrl11111RRRRR | GR[reg2] — GR[reg2] logically shift right by GR[reg1] 11|21 |x|0]|x
0000000010000000
imm5,reg2 rrrrr010100iiiii | GRlreg2] - GR[reg2] logically shift right 1|11 |x]|0]x
by zero-extend(immb)
SLD.B disp7[ep],reg2 rrrrr0110ddddddd | adr — ep+zero-extend(disp7) 1| 1 |Note9)
GR[reg2] — sign-extend(Load-memory(adr,Byte))
SLD.BU disp4[ep],reg2 rrrrr0000110dddd | adr — ep+zero-extend(disp4) 1| 1 |Note9)
Note 18 | GR[reg2] — zero-extend(Load-memory(adr,Byte))
SLD.H disp8[ep],reg2 rrrrr1000ddddddd | adr — ep+zero-extend(disp8) 1| 1 |Note9)
Note 19 | GR[reg2] — sign-extend(Load-memory(adr,Halfword))
SLD.HU disp5[ep],reg2 rrrrr0000111dddd | adr —ep+zero-extend(disp5) 1| 1 |Note9)
Notes 18, 20 | GR[reg2] - zero-extend(Load-memory(adr,Halfword))
SLD.W disp8[ep],reg2 rrrrr1010ddddddO | adr —ep+zero-extend(disp8) 1| 1 |Note9)
Note 21 | GR[reg2] — Load-memory(adr,Word)
SST.B reg2,disp7[ep] rrrrr0111ddddddd | adr —ep+zero-extend(disp7) 111]1
Store-memory(adr,GR[reg2],Byte)
SST.H reg2,disp8[ep] rrrrr1001ddddddd | adr — ep+zero-extend(disp8) 1111
Note 19 | Store-memory(adr,GR[reg2],Halfword)
SST.W reg2,disp8[ep] rrrrr1010ddddddl | adr—ep+zero-extend(disp8) 1111
Note 21 | Store-memory(adr,GR[reg2],Word)
ST.B reg2,disp16[regl] |rrrrrl111010RRRRR | adr — GR[regl]+sign-extend(disp16) 1111
dddddddddddddddd | Store-memory(adr,GR[reg2],Byte)
ST.H reg2,disp16[regl] rrrrrl11011RRRRR | adr — GR[regl]+sign-extend(disp16) 1111
dddddddddddddddO | Store-memory (adr,GR[reg2], Halfword)
Note 8
ST.W reg2,disp16[regl] rrrrrl11011RRRRR | adr — GR[regl]+sign-extend(disp16) 111]1
ddddddddddddddd1l | Store-memory (adr,GR[reg2], Word)
Note 8
STSR reglD,reg2 rrrrrl11111RRRRR | GR[reg2] — SR[regID] 1111
0000000001000000
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(6/6)
Mnemonic Operand Opcode Operation Execution Flags
Clock
i|r| I |CYlOV|S SAT]
SUB regl,reg2 rrrrr001101RRRRR | GR[reg2] — GR[reg2]-GR[regl1] 111 x|x|x
SUBR regl,reg2 rrrrr001100RRRRR | GR[reg2] — GR[regl]-GR[reg2] 11|21 | x| x|x
SWITCH |regl 00000000010RRRRR | adr — (PC+2) + (GR [regl] logically shift left by 1) 5|5|5
PC — (PC+2) + (sign-extend
(Load-memory (adr,Halfword))
logically shift left by 1
SXB regl 00000000101RRRRR | GR[regl] - sign-extend 111])1
(GR[reg1] (7 : 0))
SXH regl 00000000111RRRRR | GR[regl] - sign-extend 1111
(GR[regl] (15:0))
TRAP vector 00000111111iiiii | EIPC ~PC+4 (Restored PC) 3(3(3
0000000100000000 | EIPSW ~PSwW
ECR.EICC «Interrupt code
PSW.EP <1
PSW.ID <1
PC ~00000040H
(when vector is 00H to OFH)
00000050H
(when vector is 10H to 1FH)
TST regl,reg2 rrrrr001011RRRRR | result - GR[reg2] AND GR[reg1] 1111 0| %
TST1 bit#3,disp16[regl] | 11bbb111110RRRRR | adr GR[regl]+sign-extend(disp16) 313|383
dddddddddddddddd | Z flag — Not (Load-memory-bit (adr,bit#3)) Note 3|Note 3|Note 3
reg2, [regl] rrrrr111111RRRRR | adr - GR[regl] 313]|3
0000000011100110 | Z flag — Not (Load-memory-bit (adr,reg2)) Note 3| Note 3|Note 3
XOR regl,reg2 rrrrr001001RRRRR | GR[reg2] — GR[reg2] XOR GR[regl] 111])1 0| x
XORI imm16,regl,reg2 rrrrr110101RRRRR | GR[reg2] - GR[regl] XOR zero-extend (imm16) 1111 0| x
piiiiiiiiiiiiiii
ZXB regl 00000000100RRRRR | GR[regl] - zero-extend (GR[reg1] (7 : 0)) 111])1
ZXH regl 00000000110RRRRR | GR[regl] — zero-extend (GR[reg1] (15 : 0)) 1111
Notes 1. dddddddd: Higher 8 bits of disp9.

2. 3ifthere is an instruction that rewrites the contents of the PSW immediately before.
3. Ifthere is no wait state (3 + the number of read access wait states).

4. nis the total number of list12 load registers. (According to the number of wait states. Also, if there
are no wait states, n is the total number of list12 registers. If n = 0, same operation as when n = 1)

© ® N o’

RRRRR: other than 00000.
The lower halfword data only are valid.

ddddddddddddddddddddd: The higher 21 bits of disp22.
ddddddddddddddd: The higher 15 bits of disp16.

. According to the number of wait states (1 if there are no wait states).

10. b: bit O of disp16.
11. According to the number of wait states (2 if there are no wait states).
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Notes 12
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13.

14.
15.
16.

17.
18.
19.
20.
21.

. In this instruction, for convenience of mnemonic description, the source register is made reg2, but the
regl field is used in the opcode. Therefore, the meaning of register specification in the mnemonic
description and in the opcode differs from other instructions.
rrrrr = reglD specification
RRRRR = reg?2 specification
iiiii: Lower 5 bits of imm9.
I111: Higher 4 bits of imm9.
Do not specify the same register for general-purpose registers regl and reg3.
sp/imm: specified by bits 19 and 20 of the sub-opcode.
ff = 00: Load sp in ep.
01: Load sign expanded 16-bit immediate data (bits 47 to 32) in ep.
10: Load 16-bit logically left shifted 16-bit immediate data (bits 47 to 32) in ep.
11: Load 32-bit immediate data (bits 63 to 32) in ep.
If imm =imm32, n + 3 clocks.
rrrrr: Other than 00000.
ddddddd: Higher 7 bits of disp8.
dddd: Higher 4 bits of disp5.
dddddd: Higher 6 bits of disp8.
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Symbol Name Unit Page
ADCR A/D conversion result register ADC 391
ADIC Interrupt control register INTC 572
ADM A/D converter mode register ADC 388
ADS Analog input channel specification register ADC 390
ADTCO Automatic data transfer address count register O Csl 462
ADTIO Automatic data transfer interval specification register 0 CsSl 468
ADTPO Automatic data transfer address point specification register 0 Csl 466
ASIFO Asynchronous serial interface transmit status register 0 UART 412
ASIF1 Asynchronous serial interface transmit status register 1 UART 412
ASIMO Asynchronous serial interface mode register 0 UART 409
ASIM1 Asynchronous serial interface mode register 1 UART 409
ASISO Asynchronous serial interface status register 0 UART 411
ASIS1 Asynchronous serial interface status register 1 UART 411
AWC Address wait control register BCU 163
BCC Bus cycle control register BCU 164
BRGCO Baud rate generator control register 0 UART 429
BRGC1 Baud rate generator control register 1 UART 429
BRGCAO Divisor selection register 0 Csl 466
BRGIC Interrupt control register INIC 572
BSC Bus size configuration register BCU 153
CKSRO Clock select register 0 UART 428
CKSR1 Clock select register 1 UART 428
CMPO0 8-bit timer H compare register 00 Timer 335
CMPO1 8-bit timer H compare register 01 Timer 335
CMP10 8-bit timer H compare register 10 Timer 335
CMP11 8-bit timer H compare register 11 Timer 335
CORADO Correction address register O ROMC 616
CORAD1 Correction address register 1 ROMC 616
CORAD2 Correction address register 2 ROMC 616
CORAD3 Correction address register 3 ROMC 616
CORCN Correction control register ROMC 617
CRO000 16-bit timer capture/compare register 000 Timer 273
CRO001 16-bit timer capture/compare register 001 Timer 275
CRO10 16-bit timer capture/compare register 010 Timer 273
CRO11 16-bit timer capture/compare register 011 Timer 275
CR5 16-bit timer compare register 5 Timer 328, 330, 331
CR50 8-bit timer compare register 50 Timer 317
CR51 8-bit timer compare register 51 Timer 317
CRCO00 Capture/compare control register 00 Timer 278
CRCO1 Capture/compare control register 01 Timer 278
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Symbol Name Unit Page
Csloico Interrupt control register INTC 572
CsloIC1 Interrupt control register INTC 572
CSIA0BN CSIAO buffer RAMn (n=0to F) Csl 468
CSIAICO Interrupt control register INTC 572
CsICo Clocked serial interface clock selection register O Csl 440
CsiIC1 Clocked serial interface clock selection register 1 Csl 440
CSIMO00 Clocked serial interface mode register 00 Csl 438
CSIM01 Clocked serial interface mode register 01 Csl 438
CSIMAO Serial operation mode specification register 0 Csl 463
CSISso Serial status register 0 Csl 464
CSITO Serial trigger register 0 Csl 465
DWCO0 Data wait control register 0 BCU 161
lco IIC shift register 0 I’C 506
licco IIC control register 0 I’C 494
IICCLO IIC clock selection register 0 I’C 504
IICFO IIC flag register O I’C 502
lICICO Interrupt control register INTC 572
1ICS0O IIC status register 0 I’'C 499
1ICX0 IIC function expansion register O I’C 505
IMRO Interrupt mask register O INTC 573
IMR1 Interrupt mask register 1 INTC 573
IMR3 Interrupt mask register 3 INTC 573
INTFO External interrupt falling edge specification register 0 INTC 578
INTFOH External interrupt falling edge specification register 9H INTC 579
INTRO External interrupt rising edge specification register 0 INTC 578
INTROH External interrupt rising edge specification register 9H INTC 579
ISPR In-service priority register INTC 574
KRIC Interrupt control register INTC 572
KRM Key return mode register KR 592
OSTS Oscillation stabilization time selection register Standby 598
PO Port O register Port 91
PONFC TIPOO noise elimination control register Timer 267
PINFC TIPO1 noise elimination control register Timer 267
P3 Port 3 register Port 94
P4 Port 4 register Port 98
P5 Port 5 register Port 100
P7 Port 7 register Port 103
P9 Port 9 register Port 105
PCC Processor clock control register CG 175
PCM Port CM register Port 110
PCS Port CS register Port 112
PCT Port CT register Port 113
PDL Port DL register Port 116
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Symbol Name Unit Page
PF3H Port 3 function register H Port 96
PF4 Port 4 function register Port 99
PF5 Port 5 function register Port 101
PF9H Port 9 function register H Port 107
PFC3 Port 3 function control register Port 96
PFC5 Port 5 function control register Port 102
PFC9 Port 9 function control register Port 107
PFCE3 Port 3 function control expansion register Port 97
PFM Power fail comparison mode register ADC 393
PFT Power fail comparison threshold register ADC 393
PICO Interrupt control register INTC 572
PIC1 Interrupt control register INTC 572
PIC2 Interrupt control register INTC 572
PIC3 Interrupt control register INTC 572
PIC4 Interrupt control register INTC 572
PIC5 Interrupt control register INTC 572
PIC6 Interrupt control register INTC 572
PLLCTL PLL control register CG 180, 383
PMO Port 0 mode register Port 91
PM3 Port 3 mode register Port 94
PM4 Port 4 mode register Port 98
PM5 Port 5 mode register Port 100
PM9 Port 9 mode register Port 105
PMCO Port 0 mode control register Port 92
PMC3 Port 3 mode control register Port 95
PMC4 Port 4 mode control register Port 99
PMC5 Port 5 mode control register Port 101
PMC9 Port 9 mode control register Port 106
PMCCM Port CM mode control register Port 111
PMCCS Port CS mode control register Port 112
PMCCT Port CT mode control register Port 114
PMCDL Port DL mode control register Port 117
PMCM Port CM mode register Port 110
PMCS Port CS mode register Port 112
PMCT Port CT mode register Port 113
PMDL Port DL mode register Port 116
PRCMD Command register CPU 79
PRMO00 Prescaler mode register 00 Timer 281
PRMO1 Prescaler mode register 01 Timer 281
PRSCM Interval timer BRG compare register Timer 359
PRSM Interval timer BRG mode register Timer 358
PSC Power save control register Standby 596
PSMR Power save mode register Standby 597
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Symbol Name Unit Page
PUO Pull-up resistor option register O Port 92
PU3 Pull-up resistor option register 3 Port 97
PU4 Pull-up resistor option register 4 Port 99
PUS Pull-up resistor option register 5 Port 102
PU9 Pull-up resistor option register 9 Port 109
RTBHO Real-time output buffer register HO RTP 377
RTBLO Real-time output buffer register LO RTP 377
RTPCO Real-time output port control register O RTP 379
RTPMO Real-time output port mode register O RTP 378
RXBO Receive buffer register 0 UART 413
RXB1 Receive buffer register 1 UART 413
SI00 Serial 1/0 shift register 0 CsSl 445
SIo1 Serial I/0O shift register 1 Csl 445
SIOAQ Serial 1/0 shift register AO Csl 462
SIRBO Clocked serial interface receive buffer register 0 Csl 441
SIRBOL Clocked serial interface receive buffer register OL Csl 441
SIRB1 Clocked serial interface receive buffer register 1 Csl 441
SIRB1L Clocked serial interface receive buffer register 1L CsSl 441
SIRBEO Clocked serial interface read-only receive buffer register 0 Csl 442
SIRBEOL Clocked serial interface read-only receive buffer register OL Csl 442
SIRBE1 Clocked serial interface read-only receive buffer register 1 Csl 442
SIRBE1L Clocked serial interface read-only receive buffer register 1L Csl 442
SOTBO Clocked serial interface transmit buffer register O Csl 443
SOTBOL Clocked serial interface transmit buffer register OL Csl 443
SOTB1 Clocked serial interface transmit buffer register 1 Csl 443
SOTB1L Clocked serial interface transmit buffer register 1L Csl 443
SOTBFO Clocked serial interface initial transmit buffer register 0 Csl 444
SOTBFOL Clocked serial interface initial transmit buffer register OL Csl 444
SOTBF1 Clocked serial interface initial transmit buffer register 1 Csl 444
SOTBF1L Clocked serial interface initial transmit buffer register 1L Csl 444
SREICO Interrupt control register INTC 572
SREIC1 Interrupt control register INTC 572
SRICO Interrupt control register INTC 572
SRIC1 Interrupt control register INTC 572
STICO Interrupt control register INTC 572
STIC1 Interrupt control register INTC 572
SVAO Slave address register O I’C 506
SYS System status register CPU 79
TCL50 Timer clock selection register 50 Timer 318
TCL51 Timer clock selection register 51 Timer 318
TMOO0 16-bit timer counter 00 Timer 273
TMO1 16-bit timer counter 01 Timer 273
TMOIC00 Interrupt control register INTC 572
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TMOICO01 Interrupt control register INTC 572
TMOIC10 Interrupt control register INTC 572
TMOIC11 Interrupt control register INTC 572
TM5 16-bit timer counter 5 Timer 328, 330, 331
TM50 8-bit timer counter 50 Timer 316
TM51 8-bit timer counter 51 Timer 316
TM5ICO Interrupt control register INTC 572
TM5IC1 Interrupt control register INTC 572
TMCO00 16-bit timer mode control register 00 Timer 276
TMCO1 16-bit timer mode control register 01 Timer 276
TMC50 8-bit timer mode control register 50 Timer 319
TMC51 8-bit timer mode control register 51 Timer 319
TMCYCO 8-bit timer H carrier control register 0 Timer 339
TMCYC1 8-bit timer H carrier control register 1 Timer 339
TMHICO Interrupt control register INTC 572
TMHIC1 Interrupt control register INTC 572
TMHMDO 8-bit timer H mode register 0 Timer 336
TMHMD1 8-bit timer H mode register 1 Timer 336
TOCO00 16-bit timer output control register 00 Timer 279
TOCO01 16-bit timer output control register 01 Timer 279
TPOCCICO Interrupt control register INTC 572
TPOCCIC1 Interrupt control register INTC 572
TPOCCRO TMPO capture/compare register 0 Timer 191
TPOCCR1 TMPO capture/compare register 1 Timer 193
TPOCNT TMPO counter read buffer register Timer 195
TPOCTLO TMPO control register 0 Timer 185
TPOCTL1 TMPO control register 1 Timer 186
TPOIOCO TMPO I/O control register 0 Timer 187
TPOIOC1 TMPO I/O control register 1 Timer 188
TPOIOC2 TMPO I/O control register 2 Timer 189
TPOOPTO TMPO option register 0 Timer 190
TPOOVIC Interrupt control register INTC 572
TXBO Transmit buffer register 0 UART 413
TXB1 Transmit buffer register 1 UART 413
VSWC System wait control register CPU 81
WDCS Watchdog timer clock selection register wWDT 368
WDTL1IC Interrupt control register INTC 572
WDTE Watchdog timer enable register WDT 374
WDTM1 Watchdog timer mode register 1 WDT 369, 576
WDTM2 Watchdog timer mode register 2 wWDT 373
WTIC Interrupt control register INTC 572
WTIIC Interrupt control register INTC 572
WTM Watch timer operation mode register WT 362
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APPENDIX D REVISION HISTORY

D.1 Modifications from Document Number U15862EJ4V1UDQO

Page

Description

Throughout

« Extraction of only descriptions concerning V850ES/KF1
« Addition of following products
1PD703211, 703211Y, 70F3210H, 70F3210HY, 70F3211H, 70F3211HY
« Addition of pins supporting added products
« Addition of internal ROM, RAM, and flash memory capacities of added products

p.36 Modification of description in 1.7 Overview of Functions

p.57 Modification of description in 3.3 (2) Flash memory programming mode

p.62 Addition of 3.4.4 (1) (a) Internal ROM (256 KB)

p.64 Addition of 3.4.4 (2) (a) Internal RAM (12 KB)

p.70 Modification of description in 3.4.6 Peripheral I/O registers

p.81 Modification of description in 3.4.8 (1) (a) System wait control register (VSWC) and (b) Access to special
on-chip peripheral I/O register

p.84 Addition of 3.4.8 (2) Restriction on conflict between sld instruction and interrupt request

p.88 Addition of 4.3 (5) Port n function control expansion register (PFCEn)

p.90 Modification of description in Figure 4-1 Register Settings and Pin Functions

p.96 Modification of description in 4.3.2 (5) Port 3 function control register (PFC3)

p.97 Addition of 4.3.2 (6) Port 3 function control expansion register (PFCE3)

p.97 Addition of 4.3.2 (8) Specifying alternate-function pins of port 3

pp.118 to 141

Modification of Figures 4-3 to 4-26 (partial addition)

p.143

Modification of description in Table 4-14 Settings When Port Pins Are Used for Alternate Functions

p.182 Addition of CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

p.468 Addition of Caution 1in 17.3 (7) CSIAO buffer RAM (CSIAOBm)

p.590 Modification of description in 19.9 Periods in Which Interrupts Are Not Acknowledged by CPU
p.597 Modification of bit 7 in 21.2 (2) Power save mode register (PSMR)

p.619 Addition of CHAPTER 25 FLASH MEMORY (SINGLE POWER)

p.656 Addition of CHAPTER 27 ELECTRICAL SPECIFICATIONS (256 KB MASK ROM VERSION, SINGLE-

POWER FLASH MEMORY VERSION) (TARGET)

pp.704 to 715

Modification of bus timing, basic operation, and timer timing in CHAPTER 28 ELECTRICAL
SPECIFICATIONS (STANDARD PRODUCTS (MASK ROM VERSION OF 128 KB OR LESS AND TWO-
POWER FLASH MEMORY VERSION), (A) GRADE PRODUCTS)

pp.736, 737 Modification of basic operation and timer timing in CHAPTER 29 ELECTRICAL SPECIFICATIONS ((Al)
GRADE PRODUCTS)
pp.756, 757 Modification of basic operation and timer timing in CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A2)
GRADE PRODUCTS) (TARGET)
p.769 Addition of APPENDIX A DEVELOPMENT TOOLS
p.775 Addition of APPENDIX B INSTRUCTION SET LIST
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