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Notice

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

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

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

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

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

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

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

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

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

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

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

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

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

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

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

owned subsidiaries.

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

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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 once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build 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 bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, I/O settings or contents of registers. Device is notinitialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

Purchase of NEC 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.

V850 Series, V850/SA1, V850/SB1, V850/SB2, IEBus, and Inter Equipment Bus are trademarks of NEC
Electronics Corporation.

Windows is either a registered trademark or a trademark of Microsoft Corporation in the United States and/or
other countries.
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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.

The information in this document is current as of December, 2002. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets or data books, etc., for the most up-to-date specifications of NEC Electronics products. Not
all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

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

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

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

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

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

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

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

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

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

redundancy, fire-containment and anti-failure features.

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

"Specific".

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

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

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

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

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

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

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

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

majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics

(as defined above).
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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.

NEC Electronics America, Inc. (U.S.)

Santa Clara, California

Tel: 408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

NEC Electronics (Europe) GmbH

Duesseldorf, Germany
Tel: 0211-65 03 01
Fax: 0211-65 03 327

e Sucursal en Espana
Madrid, Spain
Tel: 091-504 27 87
Fax: 091-504 28 60

¢ Succursale Francaise
Vélizy-Villacoublay, France
Tel: 01-30-67 58 00
Fax: 01-30-67 58 99

¢ Filiale ltaliana
Milano, Italy
Tel: 02-66 75 41
Fax: 02-66 75 42 99

¢ Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-244 58 45
Fax: 040-244 45 80

e Tyskland Filial
Taeby, Sweden
Tel: 08-63 80 820
Fax: 08-63 80 388

¢ United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
Fax: 01908-670-290
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Shanghai, Ltd.
Shanghai, P.R. China

Tel: 021-6841-1138

Fax: 021-6841-1137

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC Electronics Singapore Pte. Ltd.
Novena Square, Singapore

Tel: 6253-8311

Fax: 6250-3583
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Major Revisions in This Edition (1/3)

Page Description
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1PD703030B, 703030BY, 703031B, 703031BY, 703032B, 703032BY, 703033B, 703033BY, 703034B,
703034BY, 703035B, 703035BY, 703036H, 703036HY, 703037H, 703037HY, 70F3030B, 70F3030BY,
70F3032B, 70F3032BY, 70F3033B, 70F3033BY, 70F3035B, 70F3035BY, 70F3036H, 70F3036HY,
70F3037H, 70F3037HY
o Deletion of the following products.
1PD703030A, 703030AY, 703036A, 703036AY
p. 63 Addition of description on minimum instruction execution time in 1.5.1
p. 63 Addition of description on instruction set in 1.5.1
p. 73 Addition of description in Table 2-1 Pin I/O Buffer Power Supplies
p. 80 Modification of description and addition of Notes in Table 2-3 Operating States of Pins in Each
Operating Mode
p. 87 Addition of description in 2.3 (9) (b) (i) LBEN
p. 92 Modification of P23 1/O circuit type and description on P33 in 2.4 Pin I/O Circuit Types, I/O Buffer Power
Supplies and Connection of Unused Pins
p. 96 Addition of description on minimum instruction execution time in 3.1
p. 100 Modification of description and addition of Note in 3.2.2 (2) Program status word (PSW)
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p. 126 Addition of description in 3.4.9 Specific registers
p. 126 Modification of [Description example] in 3.4.9 Specific registers
p. 126 Modification of Caution 2 in 3.4.9 Specific registers
p. 127 Addition of Remarks in 3.4.9 (2) (b) Reset conditions (PRERR = 1)
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p. 158 Addition of Remark in 5.3.3 Priorities of maskable interrupts
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p. 165 Addition of Remark in 5.3.6 ID flag
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p. 179 Addition of 5.9 Interrupt Control Register Bit Manipulation Instructions During DMA Transfer
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p. 185 Modification of description in 6.3.1 (1) (b) Example of subclock operation — main clock operation
setup
p. 186 Modification of description in 6.3.1 (2) Power save control register (PSC)
pp. 190, 191 Addition and deletion of description in Table 6-1 Operating Statuses in HALT Mode
p. 192 Modification of description in Table 6-2 Operating Statuses in IDLE Mode
p. 194 Addition of description in 6.4.4 (1) Settings and operating states
p. 194 Modification of description in Table 6-3 Operating Statuses in Software STOP Mode
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INTRODUCTION

Readers This manual is intended for users who wish to understand the functions of the V850/SB1 and
V850/SB2 and design application systems using the V850/SB1 or V850/SB2.

Purpose This manual is intended to give users to an understanding of the hardware functions described in the
Organization below.

Organization The V850/SB1, V850/SB2 User's Manual is divided into two parts: hardware (this manual) and
architecture (V850 Series™ Architecture User's Manual).

Hardware Architecture
¢ Pin function « Data type
* CPU function * Register set
¢ On-chip peripheral function « Instruction format and instruction set
* Flash memory programming « Interrupt and exception
« |[EBus controller (V850/SB2 only) « Pipeline operation

« Electrical specifications

How to Read This Manual It is assumed that the reader of this manual has general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

To find out the details of a register whose name is known:
— Refer to APPENDIX B REGISTER INDEX.

To find out the details of a function, etc., whose name is known:
— Refer to APPENDIX D INDEX.

To understand the details of a instruction function:
— Refer to V850 Series Architecture User’s Manual available separately.

To know the electrical specifications of the V850/SB1 and V850/SB2:
— Refer to CHAPTER 20 ELECTRICAL SPECIFICATIONS.

How to read register formats:
— Names of bits whose numbers are enclosed in a square are defined in the device file under

reserved words.

To understand the overall functions of the V850/SB1 and V850/SB2:
— Read this manual in accordance with the CONTENTS.
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Conventions Data significance: Higher digits on the left and lower digits on the right

10

Active low: Xxx (overscore over pin or signal name)
Memory map address: Higher addresses at the top and lower addresses at the bottom
Note: Footnote for items marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Number representation: Binary ... xxxx or xxxxB
Decimal ... xxxx
Hexadecimal ... xxxxH
Prefixes indicating power of 2 (address space, memory capacity):
K (kilo): 2" ... 1024
M (mega): 2° ... 1024°
G (giga): 2% ... 1024°
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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.

Related documents for V850/SB1 and V850/SB2

Document Name Document No.
V850 Series Architecture User's Manual U10243E
V850/SB1, V850/SB2 Hardware User's Manual This manual

Related documents for development tool (user’s manual)

Document Name Document No.
CAB850 Ver. 2.40 or Later C Compiler Package Operation U15024E
C Language U15025E
Project Manager U15026E
Assembly Language U15027E
ID850 Ver. 2.40 Integrated Debugger Operation (Windows™ Based) U15181E
SM850 Ver. 2.40 System Simulator Operation (Windows Based) U15182E
SM850 Ver. 2.00 or Later System Simulator External Part User Open Interface Specifications U14873E
RX850 Ver. 3.13 or Later Real-time OS Basic U13430E
Installation U13410E
Technical U13431E
RX850 Pro Ver. 3.13 Real-time OS Basic U13773E
Installation U13774E
Technical U13772E
RD850 Ver. 3.01 Task Debugger U13737E
RD850 Pro Ver. 3.01 Task Debugger U13916E
AZ850 Ver. 3.0 System Performance Analyzer U14410E
PG-FP3 Flash Memory Programmer U13502E
PG-FP4 Flash Memory Programmer U15260E
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CHAPTER 1 INTRODUCTION

The V850/SB1 and V850/SB2 are products in the NEC Electronics V850 Series of single-chip microcontrollers
designed for low power operation.

1.1 General

The V850/SB1 and V850/SB2 are 32-bit single-chip microcontrollers that include the V850 Series CPU core, and
peripheral functions such as ROM/RAM, a timer/counter, a serial interface, an A/D converter, a timer, and DMA
controller.

Based on the V850/SA1™, the V850/SB1 and V850/SB2 feature various additions, including 3 to 5 V /O interface
support, and ROM correction. For V850/SB2, based on the V850/SB1™, the peripheral functions of automobile LAN
(IEBus™ (Inter Equipment Bus™)) are added. In addition to high real-time response characteristics and 1-clock-pitch
basic instructions, the V850/SB1 and V850/SB2 have multiply, saturation operation, and bit manipulation instructions
realized with a hardware multiplier for digital servo control. Moreover, as a real-time control system, the V850/SB1
and V850/SB2 enable the realization of extremely high cost-performance for applications that require low power
consumption, such as audio equipment, car audio systems, and VCRs.

Table 1-1 shows the outlines of the V850/SB1 and V850/SB2 product lineup.
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CHAPTER 1

INTRODUCTION

Table 1-1. Product Lineup of V850/SB1

Product Name On-Chip ROM RAM Size Package On-Chip
Commercial Name Part Number c Type Size IEBus
V850/SB1 uPD703031A No Mask ROM 128 KB 12 KB 100-pin QFP (14 x 20)/ | No

LPD703031AY Yes 100-pin LQFP (14 x 14)
uPD703033A No Mask ROM 256 KB 16 KB 100-pin QFP (14 x 20)/
uPD70F3033A Flash memory 100-pin LQFP (14 x 14)
uPD703033AY Yes Mask ROM
uPD70F3033AY Flash memory
uPD703032A No Mask ROM 512 KB 24 KB 100-pin QFP (14 x 20)
uPD70F3032A Flash memory
uPD703032AY Yes Mask ROM
uPD70F3032AY Flash memory
uPD703031B No Mask ROM 128 KB 8 KB 100-pin QFP (14 x 20)/
4PD703031BY Yes 100-pin LQFP (14 x 14)
uPD703033B No Mask ROM 256 KB 16 KB 100-pin QFP (14 x 20)/
uPD70F3033B Flash memory 100-pin LQFP (14 x 14)
uPD703033BY Yes Mask ROM
uPD70F3033BY Flash memory
uPD703030B No Mask ROM 384KB |24KB 100-pin QFP (14 x 20)/
uPD70F3030B Flash memory 100-pin LQFP (14 x 14)
uPD703030BY Yes Mask ROM
uPD70F3030BY Flash memory
uPD703032B No Mask ROM 512 KB 24 KB 100-pin QFP (14 x 20)
uPD70F3032B Flash memory
uPD703032BY Yes Mask ROM
uPD70F3032BY Flash memory
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CHAPTER 1 INTRODUCTION

Table 1-2. Product Lineup of V850/SB2

Product Name On-Chip ROM RAM Size Package On-Chip
Commercial Name Part Number c Type Size IEBus
V850/SB2 uPD703034A No Mask ROM 128 KB 12 KB 100-pin QFP (14 x 20)/ | Yes

LPD703034AY Yes 100-pin LQFP (14 x 14)
uPD703035A No Mask ROM 256 KB 16 KB 100-pin QFP (14 x 20)/
uPD70F3035A Flash memory 100-pin LQFP (14 x 14)
uPD703035AY Yes Mask ROM
uPD70F3035AY Flash memory
uPD703037A No Mask ROM 512 KB 24 KB 100-pin QFP (14 x 20)
uPD70F3037A Flash memory
uPD703037AY Yes Mask ROM
uPD70F3037AY Flash memory
uPD703034B No Mask ROM 128 KB 8 KB 100-pin QFP (14 x 20)/
PD703034BY Yes 100-pin LQFP (14 x 14)
uPD703035B No Mask ROM 256 KB 16 KB 100-pin QFP (14 x 20)/
uPD70F3035B Flash memory 100-pin LQFP (14 x 14)
uPD703035BY Yes Mask ROM
uPD70F3035BY Flash memory
uPD703036H No Mask ROM 384 KB |24 KB 100-pin QFP (14 x 20)/
uPD70F3036H Flash memory 100-pin LQFP (14 x 14)
uPD703036HY Yes Mask ROM
uPD70F3036HY Flash memory
uPD703037H No Mask ROM 512 KB 24 KB 100-pin QFP (14 x 20)
uPD70F3037H Flash memory
uPD703037HY Yes Mask ROM
uPD70F3037HY Flash memory
The part numbers of the V850/SB1 and V850/SB2 are described as follows in this manual.
e Aversions
A versions of the V850/SB1: uPD703031A, 703031AY, 703032A, 703032AY, 703033A, 703033AY,
70F3032A, 70F3032AY, 70F3033A, 70F3033AY
A versions of the V850/SB2: uPD703034A, 703034AY, 703035A, 703035AY, 703037A, 703037AY,

e B versions, H versions

B versions of the V850/SB1:

B and H versions of the V850/SB2:

70F3035A, 70F3035AY, 70F3037A, 70F3037AY

nPD703030B, 703030BY, 703031B, 703031BY, 703032B, 703032BY,
703033B, 703033BY, 70F3030B, 70F3030BY, 70F3032B, 70F3032BY,
70F3033B, 70F3033BY
nPD703034B, 703034BY, 703035B, 703035BY, 703036H, 703036HY,
703037H, 703037HY, 70F3035B, 70F3035BY, 70F3036H, 70F3036HY,
70F3037H, 70F3037HY

User's Manual U13850EJ6VOUD 31



CHAPTER 1 INTRODUCTION

32

Flash memory versions

Flash memory versions of the V850/SB1: uPD70F3030B, 70F3030BY, 70F3032A, 70F3032AY, 70F3032B,

70F3032BY, 70F3033A, 70F3033AY, 70F3033B, 70F3033BY

Flash memory versions of the V850/SB2: uPD70F3035A, 70F3035AY, 70F3035B, 70F3035BY, 70F3036H,

70F3036HY, 70F3037A, 70F3037AY, 70F3037H, 70F3037HY

Mask ROM versions

Mask ROM versions of the V850/SB1: uPD703030B, 703030BY, 703031A, 703031AY, 703031B, 703031BY,

703032A, 703032AY, 703032B, 703032BY, 703033A, 703033AY,
703033B, 703033BY

Mask ROM versions of the V850/SB2: uPD703034A, 703034AY, 703034B, 703034BY, 703035A, 703035AY,

703035B, 703035BY, 703036H, 703036HY, 703037A, 703037AY,
703037H, 703037HY

Y versions (with on-chip 1°C)

Y versions of the V850/SB1 (with on-chip I°C): uPD703030BY, 703031AY, 703031BY, 703032AY, 703032BY,
703033AY, 703033BY, 70F3030BY, 70F3032AY, 70F3032BY,
70F3033AY, 70F3033BY

Y versions of the V850/SB2 (with on-chip I°C): uPD703034AY, 703034BY, 703035AY, 703035BY, 703036HY,
703037AY, 703037HY, 70F3035AY, 70F3035BY, 70F3036HY,
70F3037AY, 70F3037BY

User's Manual U13850EJ6VOUD



CHAPTER 1 INTRODUCTION

1.2 V850/SB1 (A Versions)

1.2.1 Features (V850/SB1 (A versions))

O
O

Number of instructions: 74
Minimum instruction execution time

50 ns (operating at 20 MHz, external power supply 5 V, regulator output 3.3 V)
General-purpose registers 32 bits x 32 registers

Instruction set Signed multiplication (16 x 16 — 32): 100 ns (operating at 20 MHz)
(able to execute instructions in parallel continuously without creating any register
hazards).

Saturation operations (overflow and underflow detection functions are included)
32-bit shift instruction: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format
Memory space 16 MB of linear address space (for programs and data)
External expandability: expandable to 4 MB
Memory block allocation function: 2 MB per block
Programmable wait function
Idle state insertion function
External bus interface 16-bit data bus (address/data multiplex)
Address bus: separate output enabled
3V to 5V interface enabled
Bus hold function
External wait function
Internal memory uPD703031A, 703031AY (mask ROM: 128 KB/RAM: 12 KB)
uPD703033A, 703033AY (mask ROM: 256 KB/RAM: 16 KB)
uPD703032A, 703032AY (mask ROM: 512 KB/RAM: 24 KB)
UPD70F3033A, 70F3033AY (flash memory: 256 KB/RAM: 16 KB)
uPD70F3032A, 70F3032AY (flash memory: 512 KB/RAM: 24 KB)
Interrupts and exceptions Non-maskable interrupts: 2 sources
Maskable interrupts: 37 sources (uPD703031A, 703032A, 703033A, 70F3032A,
70F3033A)
38 sources (uPD703031AY, 703032AY, 703033AY,
70F3032AY, 70F3033AY)
Software exceptions: 32 sources
Exception trap: 1 source

I/O lines Total: 83 (12 input ports and 71 I/O ports)
3V to 5V interface enabled
Timer/counter 16-bit timer: 2 channels (PWM output)
8-bit timer: 6 channels (4 PWM outputs, cascade connection enabled)
Watch timer When operating under subclock or main clock: 1 channel
Operation using the subclock or main clock is also possible in the IDLE mode.
Watchdog timer 1 channel
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O Serial interface (SI10) Asynchronous serial interface (UART)
Clocked serial interface (CSI)
I’C bus interface (I°C) (only for uPD703031AY, 703032AY, 703033AY, 70F3032AY,
and 70F3033AY)
8-/16-bit variable-length serial interface

CSI/UART: 2 channels
CSl/I’C: 2 channels
CSI (8-/16-bit valuable): 1 channel
Dedicated baud rate generator: 3 channels
O A/D converter 10-bit resolution: 12 channels
O DMA controller Internal RAM «— on-chip peripheral I/0: 6 channels
O Real-time output port (RTP) 8 bits x 1 channel or 4 bits x 2 channels
O ROM correction Modifiable 4 points
O Regulator 4.0 Vto 5.5V input — internal 3.3V
O Key return function 4 to 8 selecting enabled, falling edge fixed
O Clock generator During main clock or subclock operation
5-level CPU clock (including sub operations)
O Power-saving functions HALT/IDLE/STOP modes
O Package 100-pin plastic LQFP (fine pitch, 14 x 14)
100-pin plastic QFP (14 x 20)
O CMOS structure All static circuits

1.2.2 Application fields (V850/SB1 (A versions))

AV equipment

Example: Audio, car audio equipment, VCR, and TV.
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Part Number

1.2.3 Ordering information (V850/SB1 (A versions))

Package

Internal ROM

uPD703031AGC-xxx-8EU
1PD703031AGF-xxx-3BA
1PD703031AYGC-xxx-8EU
1PD703031AYGF-xxx-3BA
uPD703033AGC-xxx-8EU
uPD703033AGF-xxx-3BA
1PD703033AYGC-xxx-8EU
HPD703033AYGF-xxx-3BA
uPD703032AGF-xxx-3BA
1PD703032AYGF-xxx-3BA
1PD70F3033AGC-8EU
uPD70F3033AGF-3BA
1PD70F3033AYGC-8EU
1PD70F3033AYGF-3BA
1PD70F3032AGF-3BA
1PD70F3032AYGF-3BA

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

Remarks 1. xxx indicates ROM code suffix.

2. ROMiless devices are not provided.
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Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (512 KB)
Mask ROM (512 KB)
Flash memory (256 KB
256 KB

256 KB

Flash memory
Flash memory
256 KB
512 KB

Flash memory

Flash memory

P

)
)
)
)
)
)

Flash memory (512 KB
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1.2.4 Pin configuration (top view) (V850/SB1 (A versions))
100-pin plastic LQFP (fine pitch) (14 x 14)
o UPD703031AGC-xxx-8EU e uPD70F3033AGC-8EU
¢ 1PD703031AYGC-xxx-8EU ¢ UPD70F3033AYGC-8EU
¢ UPD703033AGC-xxx-8EU
o uPD703033AYGC-xxx-8EU
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-HhAao o = QO
LgxAOn < D\: <
8;|—é3 8Lom<:-m<\|ro - o
a\x>;|x03&&&&&&&EEZQQEQESQQ
00 olpppz22222225532555%22%
OWLTOANTTOMNMOWUITOANTONANTOMNOLWTOAN
N - - - - - O 000000 O 0WO0WOWOWMNNMNMNIMNDMNINDMN
[ M o T o I o Y o T o TR o WY o TR o TR o W WY TR VY o VY o WY o WY o WY o WY o Y o Y o Y o Y o N TR
8885883885838 833888RRRER
P21/S02 O-—p 1 O 75 [«4——CO P71/ANI1
P22/SCK2/SCL1V® 2 Ot—m 2 74 [«——O P70/ANIO
P23/RXD1/SI3 O-—w 3 73 [«4——O AVRer
P24/TXD1/S03 O 4 72— AVss
P25/ASCK1/SCK3 O-— 5 71 —O AVop
EVoo O— 6 70 [<—»O P65/A21
EVss O——— 7 69 [<—»O P64/A20
P26/TI2/TO2 O 8 68 [«4—»O P63/A19
P27/TI3/TO3 O-— o 67 [—»O P62/A18
P30/TI00 O<a—» 10 66 [«4—»O P61/A17
P31/TI01 O-t— 11 65 [«—»O PB0/A16
P32/TI10/S14 O—{ 12 64 [—»(O P57/AD15
P33/TI11/S04 O-—» 13 63 [<—»O P56/AD14

P34/TO0/A13/SCK4 Ot—]
P35/TO1/A14 O—
P36/TI4/TO4/A15 O<t—m
P37/TI5/TO5 O-—
ICNPPNole1 O_
P100/RTPO/KRO/A5 O-t—

-
S

62 [«—»(O P55/AD13
61 [«4—»O P54/AD12
60 [<—»(O P53/AD11
59 [«¢—»O P52/AD10
58 [<—(O P51/AD9
57 [«4—»O P50/AD8

[y
© o N O O,

P101/RTP1/KR1/A6 O 20 56 ——CO BVss
P102/RTP2/KR2/A7 O~—= 21 55 ———CO BVbp
P103/RTP3/KR3/A8 O~tt—» 22 54 [«4—O P47/AD7
P104/RTP4/KR4/A9 O~t—= 23 53 [«—mO P46/AD6
P105/RTP5/KR5/A10 O<—{ 24 52 [«¢—O P45/AD5
P106/RTP6/KR6/A11 O-t— 25 51 [«—=O P44/AD4
O MNOW OO =~ A M IFT W ONVDOHWNO r—AN M T W ONODO
AN NN NOOOOOONOOHONONON T I IT T T I I T F 0
ngmvl—\—No \—%8|—_|zj;gmxoo‘—mm
SEIZABRRENRILCERERFRIZE58E
Slecc-c|e o xsSDZE L2909
- - | _|Z;|;U)<.-Ez<r<rvv
x;n_o.n_ omm\omman_n_n_n_
K S Qaxrzoos
o= S N o aQ
ko s pa
N o
=]
o

Notes 1. IC (uPD703031A, 703031AY, 703033A, 703033AY): Connect directly to Vss.
Vep (UPD70F3033A, 70F3033AY): Connect to Vss in normal operation mode.
2. SCLO, SCL1, SDAO, and SDAT are available only in the uPD703031AY, 703033AY, and 70F3033AY.
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100-pin plastic QFP (14 x 20)
o uPD703031AGF-xxx-3BA
o uPD703031AYGF-xxx-3BA
o uPD703032AGF-xxx-3BA
¢ uPD703032AYGF-xxx-3BA

P14/SO1/TXD0 O
P15/SCK1/ASCKO O-t—
P20/SI2/SDA1M"*? O-t—m

P21/S02 O—»
P22/SCK2/SCL1"**? O-t—
P23/RXD1/SI3 O-t—m

P24/TXD1/S03 O--t—p»

P25/ASCK1/SCK3 O-t—p
EVoo O——

EVss O——

P26/T12/TO2 Ot—>
P27/TI3/TO3 O4—p
P30/TI00 O-t—

P31/TI01 O-—»
P32/TI10/S14 O-—»]
P33/TI11/S04 Ot
P34/TO0/A13/SCKd Ot—
P35/TO1/A14 Oa—
P36/TI4/TO4/A15 O-t—
P37/TI5/TO5 O-t—»
Ic/vepet O———
P100/RTPO/KRO/A5 O-t—|
P101/RTP1/KR1/A6 O-t—»
P102/RTP2/KR2/A7 O-t—|
P103/RTP3/KR3/A8 O-—|
P104/RTP4/KR4/A9 O-t—
P105/RTP5/KR5/A10 O-<t—»
P106/RTP6/KR6/A11 O-t—p
P107/RTP7/KR7/A12 O<t—»
P110/WAIT/A1 O-a—p

¢ IPD703033AGF-xxx-3BA
¢ uPD703033AYGF-xxx-3BA
¢ 1PD70F3032AGF-3BA

¢ uPD70F3032AYGF-3BA

e uUPD70F3033AGF-3BA
e uPD70F3033AYGF-3BA

0N ORA WWN =

o
(O]

§ . fEoO

> § £

S s [
°op o EO0O
Qo F <
s _fovsIoar-o <o
fgo@oaoaoognonof_c-ccobows
oo EEEEEEESZZZZZZZZ2Z
DOQOELZZZZ2Z2Z223TIITIIL
A A~ ORODITITAANArTrONA -~ OROD I
TTFTTTrrrOOO00000 00 OOOINIMNNIN-
oS N N W W Y W W Y W W T N N o
8G'JWI\QDLO<P€'J(\IFOG'J(DI\(DLOV(‘)NF

{2l e RaNe)> I o) B e e BN e Ml e D © B e NN e B - o BN o N <o I e o B« I o G e I e o ]

O 1

80 [——CO P73/ANI3
79 [«¢——O P72/ANI2
78 [«4——CQO P71/ANI1
77 [«4——QO P70/ANIO
76 [4——QO AVRer

75 —O AVss

74 F—O AVop

73 [«—»O P65/A21
72 [4—»QO P64/A20
71 [«4—»O P63/A19
70 [4—»O P62/A18
69 [—»O P61/A17
68 [<¢—»O P60/A16
67 [4—»QO P57/AD15
66 [4—»O P56/AD14
65 [«—»QO P55/AD13
64 [4—»O P54/AD12
63 [4—»O P53/AD11
62 [4—»O P52/AD10
61 [—»O P51/AD9
60 [«—»O P50/AD8
59 [—O BVss

58 —O BVoD

57 [—»O P47/AD7
56 [<4—O P46/AD6
55 [«—mQO P45/AD5
54 [4—O P44/AD4
53 [«—»O P43/AD3
52 [0 P42/AD2
51 [«—»QO P41/AD1

Notes 1.
Connect directly to Vss.

Vep (uPD70F3032A, 70F3032AY, 70F3033A, 70F3033AY):

O—»{

XT1 O—»{ 35

X1 O—» 39

vss O— 40

Voo O——— 41
CLKOUT O— 42

P90O/LBEN/WRL O 43

P111/A2 O 34
P112/A3 O 32
P113/A4 O 33

RESET

P92/RIW/WRH O 45

P91/UBEN O—p 44

P93/DSTB/RD O 46

Connect to Vss in normal operation mode.
2. SCLO, SCL1, SDAO, and SDA1 are available only in the uPD703031AY, 703032AY, 703033AY,
70F3032AY, and 70F3033AY.
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P94/ASTB O 47

Oa—p| 43
O‘-’ 49
P40/AD0 O 50

P95/HLDAK
P96/HLDRQ

IC (uPD703031A, 703031AY, 703032A, 703032AY, 703033A, 703033AY):
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Pin names (V850/SB1 (A versions))
A1 to A21: Address bus P70 to P77: Port 7
ADO to AD15: Address/data bus P80 to P83: Port 8
ADTRG: A/D trigger input P90 to P96: Port 9
ANIO to ANI11: Analog input P100 to P107: Port 10
ASCKO, ASCK1: Asynchronous serial clock P110 to P113: Port 11
ASTB: Address strobe RD: Read
AVbb: Analog Vop REGC: Regulator control
AVREF: Analog reference voltage RESET: Reset
AVss: Analog Vss RTPO to RTP7: Real-time output port
BVoo: Power supply for bus interface RTPTRG: RTP trigger
BVss: Ground for bus interface R/W: Read/write status
CLKOUT: Clock output RXDO0, RXD1: Receive data
DSTB: Data strobe SCKO to SCK4: Serial clock
EVob: Power supply for port SCLO, SCL1: Serial clock
EVss: Ground for port SDAO, SDAT: Serial data
HLDAK: Hold acknowledge SI0 to Sl4: Serial input
HLDRQ: Hold request SO0 to SO4: Serial output
IC: Internally connected TIO0O, TIO1, TI10,
INTPO to INTP6: Interrupt request from peripherals TI11, TI2 to TI5: Timer input
KRO to KR7: Key return TOO to TO5: Timer output
LBEN: Lower byte enable TXDO,TXD1: Transmit data
NMI: Non-maskable interrupt request UBEN: Upper byte enable
P00 to PO7: Port 0 Vob: Power supply
P10 to P15: Port 1 Vpp: Programming power supply
P20 to P27: Port 2 Vss: Ground
P30 to P37: Port 3 WAIT: Wait
P40 to P47: Port 4 WRH: Write strobe high level data
P50 to P57: Port 5 WRL: Write strobe low level data
P60 to P65: Port 6 X1, X2: Crystal for main clock
XT1, XT2: Crystal for subclock
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1.2.5 Function blocks (V850/SB1 (A versions))

(1) Internal block diagram

] ROM CPU
NMI—
INTC — 1 ] —}——HLDRQ (P96)
INTPO to INTPET——_> [~ ROM  —T{instruction|——»HLDAK (P95)
PC —— correction F— > queue
Note L —— ASTB @4)
T100 1101, ——> 1 32-bit barrel Multipli ﬁDiB@P%)
TI110,T111 Timer/counter -bit barre =S ultipiier R/W /WRH (P92)
o shifter 16 x16—32 —— UBEN (P91)
TOO0,TO1<G—— 16-bit timer: e e
TMO. TM1 —- L BEN/WRL (P90)
Tmoz<—] | M K= RAM System BCU |-——WAIT (P110)
TI3/TO3 8-bit timer: register A1to A12
Tl TM2 to TM7 = ——>>(P100 to P107,
General-purpose
TI5/TO5 — registers P110 to P113)
S0 Note 32 bits x 32 ——>A13 to A15 (P34 to P36)
2 ——>A16 to A21 (P60 to P65)
SO0
Note 3 g CSI0/’CO {} <—>>ADO to AD15
_SI0ISDAO D Note 4 l> (P40 to P47, P50 to P57)
SCKO/SCLO""* * -t @ @ ’
SO2- 7
SI2/SDATN® % g Cﬁft’; 21 —
SCK2/SCL1""* * -t
SO1/TXDO0 & @ @ @
SI1/RXDO CSI1/UARTO k7—">
SCKT1/ASCKO | Ports | AD - CLKOUT
SO3/TXD1 - RTP converter X1
SI3/RXD1 CSI3/UART1 f7—"> Y
SCK3/ASCK1 CG
- e583NBEFBENLS i
S04« Variable P N W VN
Sl4 LLloooo0000000 ~ 0L 9 —
ScKa e 19" e 22oc5c550550s L2 SPLIP@| |ewEsEr
- o =
°ggeEelioRae kE <z<z5 L
oo 2 a<
@
KRO to KR7TE==> Keyreturn K= g =
14 <
3.3V
DMAC: 6 ch [K—> T Regulator  ——Vpp
Watch timer K—> %) Vss
8 —BVop
[h4
Watchdog
timer <> BVss
A —EVDD
—EVss
VPPNoleS
lCNoteG

Notes 1. uPD703031A, 703031AY: 128 KB (mask ROM)

1PD703033A, 703033AY: 256 KB (mask ROM)
uPD703032A, 703032AY: 512 KB (mask ROM)
uPD70F3033A, 70F3033AY: 256 KB (flash memory)
uPD70F3032A, 70F3032AY: 512 KB (flash memory)

2. puPD703031A, 703031AY: 12 KB
1 PD703033A, 703033AY, 70F3033A, 70F3033AY: 16 KB
uPD703032A, 703032AY, 70F3032A, 70F3032AY: 24 KB

3. SDAO, SDA1, SCLO, and SCL1 pins are available only in the uPD703031AY, 703032AY, 703033AY,
70F3032AY, and 70F3033AY.

4. I’C function is available only in the uPD703031AY, 703032AY, 703033AY, 70F3032AY, and
70F3033AY.

5. uPD70F3032A, 70F3032AY, 70F3033A, 70F3033AY

6. ©PD703031A, 703031AY, 703032A, 703032AY, 703033A, 703033AY
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40

(2) Internal units

(@

(b)

()

C)]

(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 instruction processing.

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

Bus control unit (BCU)

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

ROM

This consists of a mask ROM or flash memory mapped to the address space starting at 00000000H.

The ROM capacity varies depending on the product. The ROM capacity of each product is shown
below.

UuPD703031A, 703031AY: 128 KB (mask ROM)
uPD703033A, 703033AY: 256 KB (mask ROM)
UPD70F3033A, 70F3033AY: 256 KB (flash memory)
uPD703032A, 703032AY: 512 KB (mask ROM)
uPD70F3032A, 70F3032AY: 512 KB (flash memory)

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

RAM
The RAM capacity and mapping addresses vary depending on the product. The RAM capacity of each
product is shown below.

UuPD703031A, 703031AY: 12 KB (mapping starts at FFFFCOO0H)
uPD703033A, 703033AY, 70F3033A, 70F3033AY: 16 KB (mapping starts at FFFFBOOOH)
uPD703032A, 703032AY, 70F3032A, 70F3032AY: 24 KB (mapping starts at FFFF9000H)

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 for interrupt sources.

Clock generator (CG)

The clock generator includes two types of oscillators; each for main clock (fxx) and for subclock (fxT),
generates five types of clocks (fxx, fxx/2, fxx/4, fxx/8, and fxT), and supplies one of them as the operating
clock for the CPU (fcru).
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(9)

(h)

(M

1)

(k)

U]

Timer/counter

A two-channel 16-bit timer/event counter, a four-channel 8-bit timer/event counter, and a two-channel 8-
bit interval timer are equipped, enabling measurement of pulse intervals and frequency as well as
programmable pulse output.

The two-channel 8-bit timer/event counter can be connected via a cascade to enable use as a 16-bit
timer.

The two-channel 8-bit interval timer can be connected via a cascade to enable to be used as a 16-bit
timer.

Watch timer

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

Watchdog timer

A watchdog timer is equipped to detect inadvertent program loops, system abnormalities, etc.

It can also be used as an interval timer.

When used as a watchdog timer, it generates a non-maskable interrupt request (INTWDT) after an
overflow occurs. When used as an interval timer, it generates a maskable interrupt request (INTWDTM)
after an overflow occurs.

Serial interface (SI0)

The V850/SB1 includes three kinds of serial interfaces: asynchronous serial interfaces (UARTO,
UART1), clocked serial interfaces (CSIO to CSI3), and an 8-/16-bit variable-length serial interface (CSI4).
These plus the I°C bus interfaces (I°CO, I°C1) comprise five channels. Two of these channels are
switchable between the UART and CSI and another two switchable between CSI and I°C.

For UARTO and UART1, data is transferred via the TXDO, TXD1, RXDO0, and RXD1 pins.

For CSI0 to CSI3, data is transferred via the SO0 to SO3, SI0 to SI3, and SCKO to SCK3 pins.

For CSl4, data is transferred via the SO4, Sl4, and SCK4 pins.

For I’CO and I°C1, data is transferred via the SDAO, SDA1, SCLO, and SCL1 pins.

I’CO and I°C1 are equipped only in the uPD703031AY, 703032AY, 703033AY, 70F3032AY, and
70F3033AY.

For UART and CSl4, a dedicated baud rate generator is equipped.

A/D converter
This high-speed, high-resolution 10-bit A/D converter includes 12 analog input pins. Conversion uses
the successive approximation method.

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

(m) Real-time output port (RTP)

The RTP is a real-time output function that transfers preset 8-bit data to an output latch when an external
trigger signal occurs or when there is a match signal in a timer compare register. It can also be used for
4-bit x 2 channels.
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(n) Ports
As shown below, the following ports have general-purpose port functions and control pin functions.
Port I/0 Port Function Control Function
Port 0 8-bit 110 General- NMI, external interrupt, A/D converter trigger, RTP trigger
Port 1 6-bit /0 PUrPOSE POt | gerial interface
Port 2 8-bit 110 Serial interface, timer 1/0
Port 3 8-bit 110 Timer I/O, external address bus, serial interface
Port 4 8-bit 110 External address/data bus
Port 5 8-bit I/O
Port 6 6-bit 110 External address bus
Port 7 8-bit input A/D converter analog input
Port 8 4-bit input
Port 9 7-bit 1/0 External bus interface control signal /0
Port 10 8-bit I/0 Real-time output port, external address bus, key return input
Port 11 4-bit I/0 Wait control, external address bus
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1.3 V850/SB1 (B Versions)

1.3.1 Features (V850/SB1 (B versions))

O
O

Number of instructions: 74

Minimum instruction execution time

General-purpose registers
Instruction set

Memory space

External bus interface

Internal memory

Interrupts and exceptions

I/O lines

Timer/counter

Watch timer

Watchdog timer

50 ns (@ 20 MHz operation, external power supply 5 V, regulator output 3.3 V
operation)
32 bits x 32 registers
Signed multiplication (16 x 16 — 32): 100 ns (@ 20 MHz operation)
(able to execute instructions in parallel continuously without creating any register
hazards).
Saturation operations (overflow and underflow detection functions are included)
32-bit shift instruction: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format
16 MB of linear address space (for programs and data)
External expandability: expandable to 4 MB
Memory block allocation function: 2 MB per block
Programmable wait function
Idle state insertion function
16-bit data bus (address/data multiplex)
Address bus: separate output enabled
3 Vto 5V interface enabled
Bus hold function
External wait function
uPD703031B, 703031BY (mask ROM: 128 KB/RAM: 8 KB)
uPD703033B, 703033BY (mask ROM: 256 KB/RAM: 16 KB)
uPD703030B, 703030BY (mask ROM: 384 KB/RAM: 24 KB)
uPD703032B, 703032BY (mask ROM: 512 KB/RAM: 24 KB)
uPD70F3033B, 70F3033BY (flash memory: 256 KB/RAM: 16 KB)
uPD70F3030B, 70F3030BY (flash memory: 384 KB/RAM: 24 KB)
uPD70F3032B, 70F3032BY (flash memory: 512 KB/RAM: 24 KB)
Non-maskable interrupts: 2 sources
Maskable interrupts: 37 sources (uPD703030B, 703031B, 703032B, 703033B,
70F3030B, 70F3032B, 70F3033B)
38 sources (uPD703030BY, 703031BY, 703032BY,
703033BY, 70F3030BY, 70F3032BY, 70F3033BY)
Software exceptions: 32 sources
Exception trap: 1 source
Total: 83 (12 input ports and 71 1/O ports)
3 Vto 5V interface enabled
16-bit timer: 2 channels (PWM output)
8-bit timer: 6 channels (4 PWM outputs, cascade connection enabled)
When operating under subclock or main clock: 1 channel
Operation using the subclock or main clock is also possible in the IDLE mode.
1 channel
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O Serial interface (SI10) Asynchronous serial interface (UART)
Clocked serial interface (CSI)
I’C bus interface (I°C) (only for uPD703030BY, 703031BY, 703032BY, 703033BY,
70F3030BY, 70F3032BY, and 70F3033BY)
8-/16-bit variable-length serial interface

CSI/UART: 2 channels
CSl/I’C: 2 channels
CSI (8-/16-bit valuable): 1 channel
Dedicated baud rate generator: 3 channels
O A/D converter 10-bit resolution: 12 channels
O DMA controller Internal RAM «— on-chip peripheral I/0: 6 channels
O Real-time output port (RTP) 8 bits x 1 channel or 4 bits x 2 channels
O ROM correction Modifiable 4 points
O Regulator 4.0 Vto 5.5V input — internal 3.3V
O Key return function 4 to 8 selecting enabled, falling edge fixed
O Clock generator During main clock or subclock operation
5-level CPU clock (including sub operations)
O Power-saving functions HALT/IDLE/STOP modes
O Package 100-pin plastic LQFP (fine pitch, 14 x 14)
100-pin plastic QFP (14 x 20)
O CMOS structure All static circuits

1.3.2 Application fields (V850/SB1 (B versions))

AV equipment

Example: Audio, car audio equipment, VCR, and TV.
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Part Number

1.3.3 Ordering information (V850/SB1 (B versions))

Package

Internal ROM

uPD703031BGC-xxx-8EU
1PD703031BGF-xxx-3BA
1PD703031BYGC-xxx-8EU
1PD703031BYGF-xxx-3BA
uPD703033BGC-xxx-8EU
uPD703033BGF-xxx-3BA
1PD703033BYGC-xxx-8EU
1PD703033BYGF-xxx-3BA
uPD703030BGC-xxx-8EU
uPD703030BGF-xxx-3BA
1PD703030BYGC-xxx-8EU
1PD703030BYGF-xxx-3BA
uPD703032BGF-xxx-3BA
1PD703032BYGF-xxx-3BA
1PD70F3033BGC-8EU
uPD70F3033BGF-3BA
1PD70F3033BYGC-8EU
1PD70F3033BYGF-3BA
1PD70F3030BGC-8EU
uPD70F3030BGF-3BA
1PD70F3030BYGC-8EU
1PD70F3030BYGF-3BA
1PD70F3032BGF-3BA
1PD70F3032BYGF-3BA

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

Remarks 1. xxx indicates ROM code suffix.

2. ROMiless devices are not provided.
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Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (384 KB)
Mask ROM (384 KB)
Mask ROM (384 KB)
Mask ROM (384 KB)
Mask ROM (512 KB)
Mask ROM (512 KB)
Flash memory (256 KB
256 KB

256 KB

Flash memory
Flash memory
256 KB
384 KB
384 KB
384 KB
384 KB
512 KB

Flash memory
Flash memory
Flash memory
Flash memory
Flash memory

Flash memory

P

)
)
)
)
)
)
)
)
)
)

Flash memory (512 KB
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1.3.4 Pin configuration (top view) (V850/SB1 (B versions))
100-pin plastic LQFP (fine pitch) (14 x 14)

¢ 1PD703030BGC-xxx-8EU ¢ 1PD703033BGC-xxx-8EU ¢ uPD70F3033BGC-8EU
¢ 1PD703030BYGC-xxx-8EU ¢ 1PD703033BYGC-xxx-8EU * uPD70F3033BYGC-8EU
¢ 1PD703031BGC-xxx-8EU ¢ 1PD70F3030BGC-8EU

¢ 1PD703031BYGC-xxx-8EU e uPD70F3030BYGC-8EU

S (0]
~ 13 ~ O]
ig %L i fe
zZ Oo 4 H o=
-HhAao o = QO
LgxAOn < D\: <
8;|—é3 8Lom<:-m<\|ro - o
a~x>;|x03&&&&&&&EEZQQEQESQQ
0lQGlpppz222222255232552%22%
OULTOANTOMNMOWUITOANTONANTOMNOLWTON
N - - - - - O 00000 OO 0WO0WOMWOWMNNMNMNIMNDMNINDMN
[ TN I TR o I o Y o TR o TR o WY o TR o WO o W WY TR VY o VY o WY o WY o WY o WY o Y o Y o Y o Y o B TR
8885883885838 833888RRRER
P21/S02 O-—p 1 O 75 [«4——CO P71/ANI1
P22/SCK2/SCL1V® 2 Ot—m 2 74 [«——O P70/ANIO
P23/RXD1/SI3 O-—w 3 73 [«4——O AVRer
P24/TXD1/S03 O 4 72— AVss
P25/ASCK1/SCK3 O-— 5 71 —O AVop
EVoo O— 6 70 [<—»O P65/A21
EVss O——— 7 69 [<—»O P64/A20
P26/TI2/TO2 O 8 68 [«4—»O P63/A19
P27/TI3/TO3 O-— o 67 [—»O P62/A18
P30/TI00 O<a—» 10 66 [«4—»O P61/A17
P31/TI01 O-t— 11 65 [«—»O P60/A16
P32/T110/S14 O—{ 12 64 [—»(O P57/AD15
P33/TI11/S04 O-—» 13 63 [<—»O P56/AD14

P34/TO0/A13/SCK4 Ot—]
P35/TO1/A14 O—p
P36/TI4/TO4/A15 Ot—m
P37/TI5/TO5 O-—
ICNPPNole1 O_
P100/RTPO/KRO/A5 O-t—

-
S

62 [«—»(O P55/AD13
61 [«4—»O P54/AD12
60 [<—»(O P53/AD11
59 [«¢—»O P52/AD10
58 [<—(O P51/AD9
57 [«4—»O P50/AD8

[y
© o N O ;o

P101/RTP1/KR1/A6 O-<— 20 56 ———CO BVss
P102/RTP2/KR2/A7 O~—= 21 55 ———CO BVbp
P103/RTP3/KR3/A8 O~tt—» 22 54 [«4—O P47/AD7
P104/RTP4/KR4/A9 O~t—= 23 53 [«—mO P46/AD6
P105/RTP5/KR5/A10 O<—{ 24 52 [«¢—O P45/AD5
P106/RTP6/KR6/A11 O-t— 25 51 [«—=O P44/AD4
O MNOW OO =~ A M IFT W ONVDOHO r—AN M T W ONOODO
AN AN AN NOOOOOONOOHOONON T I IT T T I I T F 0
ngmvl—\—No \—%8|—_|zj;gmxoo‘—mm
SEIZABRRENTILCERERRIZE58E
Plc- T o|¢ 4 N I R [ [ R e )
bl uihal [14 _|Z;|;U)<.-Ez<r<rvv
x;n_o.n_ omm\omman_n_n_n_
K S Qaxrzoos
o= S N o aQ
Fa s pa
= o
=]
o

Notes 1. IC (uPD703030B, 703030BY, 703031B, 703031BY, 703033B, 703033BY): Connect directly to Vss.
Vep (uPD70F3030B, 70F3030BY, 70F3033B, 70F3033BY): Connect to Vss in normal operation mode.
2. SCLO, SCL1, SDAO, and SDA1 are available only in the 703030BY, puPD703031BY, 703033BY,
70F3030BY, and 70F3033BY.
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100-pin plastic QFP (14 x 20)
o 1PD703030BGF-xxx-3BA
¢ 1PD703030BYGF-xxx-3BA
o 1PD703031BGF-xxx-3BA
¢ uPD703031BYGF-xxx-3BA

¢ 1IPD703032BGF-xxx-3BA
¢ uPD703032BYGF-xxx-3BA
¢ 1IPD703033BGF-xxx-3BA
¢ uPD703033BYGF-xxx-3BA
¢ 1PD70F3030BGF-3BA

e uPD70F3030BYGF-3BA
e uPD70F3032BGF-3BA
e uPD70F3032BYGF-3BA
e uPD70F3033BGF-3BA
e uPD70F3033BYGF-3BA

o 0]

£y EZ

Oy < <

XS DobFoar-ro ~o

Co%aagnaaf_rccohowns

E|OOQEEEEEEE§ZZZZZZZZ

N s 2L LLIC

P N-rORN ORI NI ODA-ONOD T

LoioiAfEfREERRERRRERER

888588388533 85883885%

P14/SO1/TXD0 O-t— 4 O 80 [——CQ P73/ANI3
P15/SCK1/ASCKO O » 79 |[4—CQO P72/ANI2
P20/SI2/SDA1™? Ot—p{ 3 78 |——O P71/ANI1

P21/S02 O 4 77 [-4——Q P70/ANIO
P22/SCK2/SCL1"*2 Ot—| 5 76 | 4—O AVRrer

P23/RXD1/SI3 O4—»| ¢ 75 ——O AVss

P24/TXD1/S03 Ot—| 7 74 —CQ AvVop
P25/ASCK1/SCK3 O<t—»| g 73 [<—»O P65/A21

EVoo O— 9 72 [<4—»O P64/A20
EVss O—{ 10 71 [<—»QO P63/A19
P26/TI12/TO2 Ot—»{ 11 70 [4—»Q P62/A18
P27/TI3/TO3 O4—»| 12 69 [—»O P61/A17
P30/TI00 Ot 13 68 [—»O P60/A16
P31/TI01 O] 14 67 | 4—»Q P57/AD15
P32/TI10/S14 O<4—» 15 66 [4—»O P56/AD14
P33/TI11/S04 O« 15 65 [—»QO P55/AD13
P34/TO0/A13/SCK4 O—» 17 64 |[4—»Q P54/AD12
P35/TO1/A14 O 13 63 [<4—»O P53/AD11
P36/TI4/TO4/A15 O<t—m| 19 62 [—»QO P52/AD10
P37/TI5/TO5 O-4—» 20 61 [<—»Q P51/AD9
icveeet O— 21 60 [«—»O P50/AD8
P100/RTPO/KRO/A5 O-—{ 22 59 —O BVss
P101/RTP1/KR1/A6 O 23 58 —O BVbp
P102/RTP2/KR2/A7 O—»{ 24 57 |[<—»Q P47/AD7
P103/RTP3/KR3/A8 O 25 56 [—»O P46/AD6
P104/RTP4/KR4/A9 O 25 55 [—»QO P45/AD5
P105/RTP5/KR5/A10 O<—9 27 54 |[4—»Q P44/AD4
P106/RTP6/KR6/A11 O-d—p] 28 53 [<—»O P43/AD3
P107/RTP7/KR7/A12 O<—»] 29 52 [—»Q P42/AD2
P110/WAIT/A1 O-¢—» 30 51 [—»QO P41/AD1

Notes 1.
Connect directly to Vss.

P111/A2 O 31
P112/A3 O 32
P113/A4 O 33
O—»{

XT1 O—» 35

RESET

CLKOUT O— 42

P90/LBEN/WRL O 43

P92/RIW/WRH O 45

P91/UBEN O 44

P93/DSTB/RD O 46

Oa—p| 43
O‘-’ 49
P40/AD0 O 50

P94/ASTB O 47

P95/HLDAK
P96/HLDRQ

IC (uPD703030B, 703030BY, 703031B, 703031BY, 703032B, 703032BY, 703033B, 703033BY):

Vep (uPD70F3030B, 70F3030BY, 70F3032B, 70F3032BY, 70F3033B, 70F3033BY):

Connect to Vss in normal operation mode.
2. SCLO, SCL1, SDAO, and SDA1 are available only in the uPD703030BY, 703031BY, 703032BY,
703033BY, 70F3030BY, 70F3032BY, and 70F3033BY.
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Pin names (V850/SB1 (B versions))
A1 to A21: Address bus P70 to P77: Port 7
ADO to AD15: Address/data bus P80 to P83: Port 8
ADTRG: A/D trigger input P90 to P96: Port 9
ANIO to ANI11: Analog input P100 to P107: Port 10
ASCKO, ASCK1: Asynchronous serial clock P110 to P113: Port 11
ASTB: Address strobe RD: Read
AVbb: Analog Vop REGC: Regulator control
AVREF: Analog reference voltage RESET: Reset
AVss: Analog Vss RTPO to RTP7: Real-time output port
BVoo: Power supply for bus interface RTPTRG: RTP trigger
BVss: Ground for bus interface R/W: Read/write status
CLKOUT: Clock output RXDO0, RXD1: Receive data
DSTB: Data strobe SCKO to SCK4: Serial clock
EVob: Power supply for port SCLO, SCL1: Serial clock
EVss: Ground for port SDAO, SDAT: Serial data
HLDAK: Hold acknowledge SI0 to Sl4: Serial input
HLDRQ: Hold request SO0 to SO4: Serial output
IC: Internally connected TIO0O, TIO1, TI10,
INTPO to INTP6: Interrupt request from peripherals TI11, TI2 to TI5: Timer input
KRO to KR7: Key return TOO to TO5: Timer output
LBEN: Lower byte enable TXDO,TXD1: Transmit data
NMI: Non-maskable interrupt request UBEN: Upper byte enable
P00 to PO7: Port 0 Vob: Power supply
P10 to P15: Port 1 Vpp: Programming power supply
P20 to P27: Port 2 Vss: Ground
P30 to P37: Port 3 WAIT: Wait
P40 to P47: Port 4 WRH: Write strobe high level data
P50 to P57: Port 5 WRL: Write strobe low level data
P60 to P65: Port 6 X1, X2: Crystal for main clock
XT1, XT2: Crystal for subclock
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1.3.5 Function blocks (V850/SB1 (B versions))

(1) Internal block diagram

] ROM CPU
NMI—p>
INTC — 1 ] —}——HLDRQ (P96)
INTPO to INTPET——_> [~ ROM  —T{instruction|——»HLDAK (P95)
PC —— correction F— > queue
Note L —— ASTB @4)
T100 1101, ——> 1 32-bit barrel Multipli ﬁDiB@P%)
TI110,T111 Timer/counter -bit barre =S ultipiier R/W /WRH (P92)
o shifter 16 x16—32 —— UBEN (P91)
TO0,TO1<— 16-bit timer: ——
TMO. TM1 ——» LBEN/WRL (P90)
Tmoz<—] | M K= RAM System BCU |-——WAIT (P110)
TI3/TO3 8-bit timer: register A1to A12
Tl TM2 to TM7 = ——>>(P100 to P107,
General-purpose
TI5/TO5 — registers P110 to P113)
S0 Note 32 bits x 32 ——>A13 to A15 (P34 to P36)
2 ——>A16 to A21 (P60 to P65)
SO0
Note 3 g CSI0/’CO {} <—>>ADO to AD15
_SI0ISDAO D Note 4 l> (P40 to P47, P50 to P57)
SCKO/SCLO"" * @ @ ’
SO2- 7
SI2/SDATN® % g Cﬁft’; 21 —
SCK2/SCL1""* * -t
SO1/TXDO0 & @ @ @
SI1/RXDO CSI1/UARTO k7—">
SCKT1/ASCKO | Ports | AD - CLKOUT
SO3/TXD1 - RTP converter X1
SI3/RXD1 CSI3/UART1 f7—"> Y
SCK3/ASCK1 CG
- O5earBEYENLS < xm
S04« Variable P N W VN
Sl4 LLloooo0000000 ~ 0L 9 —
ScKa e 19" e 22oc5c500550s  £2 SPLIR| |ewEsEr
- o =
°ggeEelieRae kE <z<z5 L
oo 2 a<
@
KRO to KR7TE==> Keyreturn K= g =
x <
3.3V
DMAC: 6 ch [K—> T Regulator  ——Vpp
Watch timer K—> %) Vss
8 —BVop
[h4
Watchdog
timer <> BVss
A —EVDD
—EVss
VPPNoleS
ICNoteG

Notes 1. ©PD703031B, 703031BY: 128 KB (mask ROM)

uPD703033B, 703033BY: 256 KB (mask ROM)
uPD703030B, 703030BY: 384 K (mask ROM)
1uPD703032B, 703032BY: 512 K (mask ROM)
uPD70F3033B, 70F3033BY: 256 K (flash memory)
uPD70F3030B, 70F3030BY: 384 K (flash memory)
uPD70F3032B, 70F3032BY: 512 K (flash memory)

2. uPD703031B, 703031BY: 8 KB
uPD703033B, 703033BY, 70F3033B, 70F3033BY: 16 KB
uPD703030B, 703030BY, 703032B, 703032BY,: 24 KB
70F3030B, 70F3030BY, 70F3032B, 70F3032BY

3. SDAO, SDA1, SCLO, and SCL1 pins are available only in the uPD703030BY, 703031BY, 703032BY,
703033BY, 70F3032BY, 70F3030BY, and 70F3033BY

4. I°C function is available only in the uPD703030BY, 703031BY, 703032BY, 703033BY, 70F3030BY,
70F3032BY, and 70F3033BY

5. uPD70F3030B, 70F3030BY, 70F3032B, 70F3032BY, 70F3033B, 70F3033BY

6. uPD703030B, 703030BY, 703031B, 703031BY, 703032B, 703032BY, 703033B, 703033BY

~ o~ o~ o~
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50

(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 instruction processing.

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

Bus control unit (BCU)

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

ROM

This consists of a mask ROM or flash memory mapped to the address space starting at 00000000H.

The ROM capacity varies depending on the product. The ROM capacity of each product is shown
below.

uPD703031B, 703031BY: 128 KB (mask ROM)
uPD703033B, 703033BY: 256 KB (mask ROM)
uPD70F3033B, 70F3033BY: 256 KB (flash memory)
uPD703030B, 703030BY: 384 KB (mask ROM)
uPD70F3030B, 70F3030BY: 384 KB (flash memory)
uPD703032B, 703032BY: 512 KB (mask ROM)
uPD70F3032B, 70F3032BY: 512 KB (flash memory)

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

RAM
The RAM capacity and mapping addresses vary depending on the product. The RAM capacity of each
product is shown below.

uPD703031B, 703031BY: 8 KB (mapping starts at FFFFDOOOH)
uPD703033B, 703033BY, 70F3033B, 70F3033BY: 16 KB (mapping starts at FFFFBOOOH)
uPD703030B, 703030BY, 70F3030B, 70F3030BY,

703032B, 703032BY, 70F3032B, 70F3032BY: 24 KB (mapping starts at FFFF9000H)

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 for interrupt sources.
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()

@

(h)

U

()

(k)

U

Clock generator (CG)

The clock generator includes two types of oscillators; each for main clock (fxx) and for subclock (fxT),
generates five types of clocks (fxx, fxx/2, fxx/4, fxx/8, and fxT), and supplies one of them as the operating
clock for the CPU (fcru).

Timer/counter

A two-channel 16-bit timer/event counter, a four-channel 8-bit timer/event counter, and a two-channel 8-
bit interval timer are equipped, enabling measurement of pulse intervals and frequency as well as
programmable pulse output.

The two-channel 8-bit timer/event counter can be connected via a cascade to enable use as a 16-bit
timer.

The two-channel 8-bit interval timer can be connected via a cascade to enable to be used as a 16-bit
timer.

Watch timer

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

Watchdog timer

A watchdog timer is equipped to detect inadvertent program loops, system abnormalities, etc.

It can also be used as an interval timer.

When used as a watchdog timer, it generates a non-maskable interrupt request (INTWDT) after an
overflow occurs. When used as an interval timer, it generates a maskable interrupt request (INTWDTM)
after an overflow occurs.

Serial interface (SI0)

The V850/SB1 includes three kinds of serial interfaces: asynchronous serial interfaces (UARTO,
UART1), clocked serial interfaces (CSI0 to CSI3), and an 8-/16-bit variable-length serial interface (CSI4).
These plus the I°C bus interfaces (I1°CO, I°C1) comprise five channels. Two of these channels are
switchable between the UART and CSI and another two switchable between CSI and I°C.

For UARTO and UART1, data is transferred via the TXD0O, TXD1, RXDO, and RXD1 pins.

For CSIO0 to CSI3, data is transferred via the SO0 to SO3, SI0 to SI3, and SCKO to SCK3 pins.

For CSI4, data is transferred via the SO4, SI4, and SCK4 pins.

For I°C0 and I°C1, data is transferred via the SDAO, SDA1, SCLO, and SCL1 pins.

I°CO and I’C1 are equipped only in the uPD703030BY, 703031BY, 703032BY, 703033BY, 70F3030BY,
70F3032BY, and 70F3033BY.

For UART and CSl4, a dedicated baud rate generator is equipped.

A/D converter
This high-speed, high-resolution 10-bit A/D converter includes 12 analog input pins. Conversion uses
the successive approximation method.

DMA controller

A six-channel DMA controller is equipped. This controller transfers data between the internal RAM and
on-chip peripheral I/O devices in response to interrupt requests sent by on-chip peripheral 1/O.
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(m) Real-time output port (RTP)
The RTP is a real-time output function that transfers preset 8-bit data to an output latch when an external
trigger signal occurs or when there is a match signal in a timer compare register. It can also be used for
4-bit x 2 channels.

(n) Ports
As shown below, the following ports have general-purpose port functions and control pin functions.

Port I/0 Port Function Control Function
Port 0 8-bit I/0 General- NMI, external interrupt, A/D converter trigger, RTP trigger
Port 1 6-bit 110 purpose port Serial interface
Port 2 8-bit 110 Serial interface, timer 1/0
Port 3 8-bit 110 Timer I/O, external address bus, serial interface
Port 4 8-bit 110 External address/data bus
Port 5 8-bit /0
Port 6 6-bit 110 External address bus
Port 7 8-bit input A/D converter analog input
Port 8 4-bit input
Port 9 7-bit 1/0 External bus interface control signal 1/0
Port 10 8-bit /0 Real-time output port, external address bus, key return input
Port 11 4-bit I/0 Wait control, external address bus
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1.4 V850/SB2 (A Versions)

1.4.1 Features (V850/SB2 (A versions))

O Number of instructions: 74
O Minimum instruction execution time

79 ns (operating at 12.58 MHz, external power supply 5 V, regulator output 3.0 V)
O General-purpose registers 32 bits x 32 registers

O Instruction set Signed multiplication (16 x 16 — 32): 158 ns (operating at 12.58 MHz)
(able to execute instructions in parallel continuously without creating any register
hazards).

Saturation operations (overflow and underflow detection functions are included)
32-bit shift instruction: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format
O Memory space 16 MB of linear address space (for programs and data)
External expandability: expandable to 4 MB
Memory block allocation function: 2 MB per block
Programmable wait function
Idle state insertion function
O External bus interface 16-bit data bus (address/data multiplex)
Address bus: separate output enabled
3V to 5V interface enabled
Bus hold function
External wait function
O Internal memory uPD703034A, 703034AY (mask ROM: 128 KB/RAM: 12 KB)
uPD703035A, 703035AY (mask ROM: 256 KB/RAM: 16 KB)
uPD703037A, 703037AY (mask ROM: 512 KB/RAM: 24 KB)
UPD70F3035A, 70F3035AY (flash memory: 256 KB/RAM: 16 KB)
uPD70F3037A, 70F3037AY (flash memory: 512 KB/RAM: 24 KB)
O Interrupts and exceptions Non-maskable interrupts: 2 sources
Maskable interrupts: 39 sources (uPD703034A, 703035A, 703037A,
70F3035A, 70F3037A)
40 sources (uPD703034AY, 703035AY, 703037AY,
70F3035AY, 70F3037AY)
Software exceptions: 32 sources
Exception trap: 1 source

O 1/Olines Total: 83 (12 input ports and 71 I/O ports)
3V to 5V interface enabled
O Timer/counter 16-bit timer: 2 channels (PWM output)
8-bit timer: 6 channels (four PWM outputs, cascade connection enabled)
O Watch timer When operating under subclock or main clock: 1 channel
Operation using the subclock or main clock is also possible in the IDLE mode.
O Watchdog timer 1 channel
O Serial interface (SI10) Asynchronous serial interface (UART)

Clocked serial interface (CSI)
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I’C bus interface (I°C)
(only for uPD703034AY, 703035AY, 703037AY, 70F3035AY, and 70F3037AY)
8-/16-bit variable-length serial interface

CSI/UART: 2 channels
CSl/I’C: 2 channels
CSI (8-/16-bit valuable): 1 channel
Dedicated baud rate generator: 3 channels
O A/D converter 10-bit resolution: 12 channels
O DMA controller Internal RAM «— on-chip peripheral I/0: 6 channels
O Real-time output port (RTP) 8 bits x 1 channel or 4 bits x 2 channels
O ROM correction Modifiable 4 points
O Regulator 4.0 Vto 5.5V input — internal 3.0 V
O Key return function 4 to 8 selecting enabled, falling edge fixed
O Clock generator During main clock or subclock operation
5-level CPU clock (including sub operations)
O Power-saving functions HALT/IDLE/STOP modes
O IEBus controller 1ch
O Package 100-pin plastic LQFP (fine pitch, 14 x 14)
100-pin plastic QFP (14 x 20)
O CMOS structure Al static circuits

1.4.2 Application fields (V850/SB2 (A versions))

AV equipment

Example: Audio, car audio equipment, VCR, and TV.
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1.4.3 Ordering information (V850/SB2 (A versions))

Part Number

Package

Internal ROM

H1PD703034AGC-xxx-8EU
HUPD703034AGF-xxx-3BA
HUPD703034AYGC-xxx-8EU
HUPD703034AYGF-xxx-3BA
H1PD703035AGC-xxx-8EU
HUPD703035AGF-xxx-3BA
HUPD703035AYGC-xxx-8EU
HUPD703035AYGF-xxx-3BA
UPD703037AGF-xxx-3BA
HUPD703037AYGF-xxx-3BA
HUPD70F3035AGC-8EU
UPD70F3035AGF-3BA
UPD70F3035AYGF-8EU
UPD70F3035AYGF-3BA
UPD70F3037AGF-3BA
UPD70F3037AYGF-3BA

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

Remarks 1. xxx indicates ROM code suffix.

2. ROMiless devices are not provided.
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Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (512 KB)
Mask ROM (512 KB)
Flash memory (256 KB)
Flash memory (256 KB)
Flash memory (256 KB)
Flash memory (256 KB)
Flash memory (512 KB)
Flash memory (512 KB)
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1.4.4 Pin configuration (top view) (V850/SB2 (A versions))
100-pin plastic LQFP (fine pitch) (14 x 14)
o 1PD703034AGC-xxx-8EU e uPD70F3035AGC-8EU
e uPD703034AYGC-xxx-8EU e uPD70F3035AYGC-8EU
e uPD703035AGC-xxx-8EU
e uPD703035AYGC-xxx-8EU

S (0]
~ 3 ~ O
e £ 3 Eg
zZ Oo | H o=
-HhAao o = QO
LgxAOn < D\: <
8;|—é3 8Lom<:-m<\|ro - o
a\x>;|x03&&&&&&&EEZQQEQESQQ
00 olpppz22222225532555%22%
OWLTOANTTOMNMOWUITOANTONANTOMNOLWTOAN
N - - - - - O 000000 O 0WO0WOWOWMNNMNMNIMNDMNINDMN
[ M o T o I o Y o T o TR o WY o TR o TR o W WY TR VY o VY o WY o WY o WY o WY o Y o Y o Y o Y o N TR
8885883885838 833888RRRER
P21/S02 O-—p 1 O 75 [«4——CO P71/ANI1
P22/SCK2/SCL1V® 2 Ot—m 2 74 [«——O P70/ANIO
P23/RXD1/SI3 O-—w 3 73 [«4——O AVRer
P24/TXD1/S03 O 4 72— AVss
P25/ASCK1/SCK3 O-— 5 71 —O AVop
EVoo O— 6 70 [<—»O P65/A21
EVss O——— 7 69 [<—»O P64/A20
P26/TI2/TO2 O 8 68 [«4—»O P63/A19
P27/TI3/TO3 O-— o 67 [—»O P62/A18
P30/TI00 O<a—» 10 66 [«4—»O P61/A17
P31/TI01 O-t— 11 65 [«—»O PB0/A16
P32/TI10/S14 O—{ 12 64 [—»(O P57/AD15
P33/TI11/S04 O-—» 13 63 [<—»O P56/AD14

P34/TO0/A13/SCK4 Ot—]
P35/TO1/A14 O—
P36/TI4/TO4/A15 O<t—m

-
S

62 [«—»(O P55/AD13
61 [«4—»O P54/AD12
60 [<—»(O P53/AD11

- o
o o

P37/TI5/TO5 O<t— 17 59 [«¢—»O P52/AD10
ICvepNete !t O—— 18 58 [<—O P51/AD9
P100/RTPO/KRO/A5 O~tt—= 19 57 [«4—»O P50/AD8
P101/RTP1/KR1/A6 O 20 56 ——CO BVss
P102/RTP2/KR2/A7 O~—= 21 55 ———CO BVbp

P103/RTP3/KR3/A8 Oa—m
P104/RTP4/KR4/A9/IERX O
P105/RTP5/KR5/A10/IETX O-—
P106/RTPE/KR6/AT1 O-t—

n
N

54 [<—O P47/AD7
53 [«4—O P46/AD6
52 [<—(O P45/AD5
51 [—»O P44/AD4

N NN
a B~ W

QO-a—p] 27
P111/A2 O~—p 28
P112/A3 O<—» o9
P113/A4 O<— 3o

O—» 31

XT1 O—» 32

X172 O—— 33
REGC O— 34

X1 O—» 36

Vss O—— 37

Voo O— 38
CLKOUT O— 39
O—p 4
P91/UBEN O 4

RESET

P40/AD0 O~ 47
P41/AD1 O 43
P42/AD2 O 49
P43/AD3 O 50

P92/RIW/WRH O 42
P94/ASTB O<—» 44
PY5/HLDAK O 45
P96/HLDRQ O 45

P93/DSTB/RD O 43

P90/LBEN/WRL

P107/RTP7/KR7/A12 O 26
P110/WAIT/A1

Notes 1. IC (uPD703034A, 703034AY, 703035A, 703035AY): Connect directly to Vss.
Vprp (UPD70F3035A, 70F3035AY): Connect to Vss in normal operation mode.
2. SCLO, SCL1, SDAO, and SDA1 are available only in the uPD703034AY, 703035AY, and 70F3035AY.
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100-pin plastic QFP (14 x 20)
UPD703034AGF-xxx-3BA
UPD703034AYGF-xxx-3BA
UPD703035AGF-xxx-3BA
uPD703035AYGF-xxx-3BA

e uPD703037AGF-xxx-3BA
uPD703037AYGF-xxx-3BA
UPD70F3035AGF-3BA
uPD70F3035AYGF-3BA

e 1PD70F3037AGF-3BA
e 1PD70F3037AYGF-3BA

3 1]

£y EZ
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XS DobFoar-ro ~o

Co%aagaaaf_rccohowns

E|OOQEEEEEEE§ZZZZZZZZ

N s 2L LLI

PN ORI NN ORI OROB I

LLAiALELERERRRRRRERERR

8285848338553 8588388%

P14/SO1/TXD0 O-a—p| ¢ O 80 [«——QO P73/ANI3
P15/SCK1/ASCKO O-—»| o 79 [4——QO P72/ANI2
P20/SI2/SDA1™? Ott—m»{ 3 78 |4——O P71/ANI1

P21/S02 O 4 77 [-4——Q P70/ANIO
P22/SCK2/SCL1"*2 O 5 76 | 4——O AVRer

P23/RXD1/SI3 O4—»| 5 75 ——O AVss

P24/TXD1/S03 O<t—| 7 74— AvVop
P25/ASCK1/SCK3 O g 73 [—»O P65/A21

EVoo O— ¢ 72 [0 P64/A20
EVss O— 10 71 [4—»O P63/A19
P26/TI2/TO2 Oat—p 11 70 [—»O P62/A18
P27/TI3TO3 Oa—m| 12 69 [—»O P61/A17
P30/TI00 O—m] 13 68 [—»O P60/A16
P31/TI01 O] 14 57 [—»QO P57/AD15
P32/TI110/S14 O 15 66 [—»O P56/AD14
P33/T111/S04 O 15 65 [—»O P55/AD13
P34/TO0/A13/SCKa O-—w 17 64 [ 4—»QO P54/AD12
P35/TO1/A14 O 18 63 [«—»O P53/AD11
P36/TI4/TO4/A15 O—m{ 19 62 [—»O P52/AD10
P37/TI5/TO5 O 2o 51 [—»O P51/AD9
icveeet O— 21 60 [«—»O P50/AD8
P100/RTPO/KRO/A5 O-—{ oo 50 ——O BVss
P101/RTP1/KR1/A6 O o3 58 ———O BVbD
P102/RTP2/KR2/A7 O—p 24 57 [—O P47/AD7
P103/RTP3/KR3/A8 O—p{ o5 56 [—O P46/AD6
P104/RTP4/KR4/A9/IERX O 25 55 [«—»O P45/AD5
P105/RTP5/KR5/A10/ETX O—] 27 54 [—O P44/AD4
P106/RTP6/KR6/A11 Ot—p{ o8 53 [—»O P43/AD3
P107/RTP7/KR7/A12 O<—w{ o9 52 [—O P42/AD2
P110/WATT/A1 O-—| 30 51 [«—O P41/AD1

O—»{

XT1 O—»{ 35

X1 O—» 39

vss O— 40

Voo O——— 41
CLKOUT O— 42

P90O/LBEN/WRL O 43

P111/A2 O 34
P112/A3 O 32
P113/A4 O 33

RESET

P92/RIW/WRH O 45

P91/UBEN O—p 44

P93/DSTB/RD O 46

Oa—p| 43
O‘-’ 49
P40/AD0 O 50

P94/ASTB O 47

P95/HLDAK
P96/HLDRQ

Notes 1. IC (uPD703034A, 703034AY, 703035A, 703035AY, 703037A, 703037AY): Connect directly to Vss.
Vep (UPD70F3035A, 70F3035AY, 70F3037A, 70F3037AY):
Connect to Vss in normal operation mode.
2. SCLO, SCL1, SDAO, and SDA1 are available only in the uPD703034AY, 703035AY, 703037AY,

70F3035AY, and 70F3037AY.
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Pin names (V850/SB2)
A1 to A21: Address bus P70 to P77: Port 7
ADO to AD15: Address/data bus P80 to P83: Port 8
ADTRG: A/D trigger input P90 to P96: Port 9
ANIO to ANI11: Analog input P100 to P107: Port 10
ASCKO, ASCK1: Asynchronous serial clock P110 to P113: Port 11
ASTB: Address strobe RD: Read
AVbb: Analog Vop REGC: Regulator control
AVREF: Analog reference voltage RESET: Reset
AVss: Analog Vss RTPO to RTP7: Real-time output port
BVoo: Power supply for bus interface RTPTRG: RTP trigger
BVss: Ground for bus interface R/W: Read/write status
CLKOUT: Clock output RXDO0, RXD1: Receive data
DSTB: Data strobe SCKO to SCK4: Serial clock
EVob: Power supply for port SCLO, SCL1: Serial clock
EVss: Ground for port SDAO, SDAT: Serial data
HLDAK: Hold acknowledge SI0 to Sl4: Serial input
HLDRQ: Hold request SO0 to SO4: Serial output
IC: Internally connected TIO0O, TIO1, TI10,
1ERX: |EBus receive data TIH1, TI2 to TI5: Timer input
1ETX: IEBus transmit data TOO to TO5: Timer output
INTPO to INTP6: Interrupt request from peripherals TXDO,TXD1: Transmit data
KRO to KR7: Key return UBEN: Upper byte enable
LBEN: Lower byte enable Vob: Power supply
NMI: Non-maskable interrupt request Vpp: Programming power supply
P00 to P0O7: Port 0 Vss: Ground
P10 to P15: Port 1 WAIT: Wait
P20 to P27: Port 2 WRH: Write strobe high level data
P30 to P37: Port 3 WRL: Write strobe low level data
P40 to P47: Port 4 X1, X2: Crystal for main clock
P50 to P57: Port 5 XT1, XT2: Crystal for subclock
P60 to P65: Port 6
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1.4.5 Function blocks (V850/SB2 (A versions))

(1) Internal block diagram

] _RoM cPU
NMI— e ke 1 I «——HLDRQ (P96)
INTPO to INTP6C—— > [~ ROM T ]| nstruction| ——m=HLDAK (P95)
PC —— correction |F—>p] queue
Notef.l.| —»ASTB (P94)
TI00.TI01 T —»-DSTB/RD (P93)

’ > _ 32-bit barrel Multiplier - R/W /WRH (P92)
TI10,TIM1 Timer/counter shifter —> 16 x16—32 BEN (P9)
TOOTON<S 16-bit timer: L CBEN/WRL (P90)

TI2ITO2 <> TMO, TMT 1> System BCU |-——WAIT (P110)
8-bit timer: RAM i
TI3/TO3 it timer: register A1to A12
TrTos TM2 to TM7 —> ——>(P100 to P107,
TI5TO5 A_:> General-purpose P110 to P113)
ist
S Note [] 39 w3 ——">A13 to A15 (P34 to P36)
10 2
——>>A16 to A21 (P60 to P65)
SO0 -

SI0/SDAON * -t CSslo/’co {} ~ < —">AD0 to AD15
_— P I P40 to P47, P50 to P57
SCKO/SCLON" 38 Note 4 @ @ (P40 to P47, P80 to PST)

SO2 - >
SI2/SDA1N" 3 - Cﬁ'ft’; 21 g s
SCK2/SCL1V "%
SO1/TXDO - @ @ @
SI1/RXDO CSIM/UARTO k7—">
SCK1/ASCKO - | Ports | D - CLKOUT
SO3/TXD1 & RTP converter X1
SI3/RXD1 CSI3/UART1 k7= X2
SCK3/ASCK1 & CG
ONOONLOLNNNNO N~ -— XT1
S04 -« i ~ OO ONOLITOAN— O
Variable il s s W o TR WY M o WY W a Mo T L x12
Sl4 lenath CSl4 LOooo0p0000000 ~ QL 8=
ORI eng R pepagiagialai e L Sblc=gw l«—RESET
- COOPDRODLIT®N - S EE 22z zE
:gn_n_n.n_n_n.n_n_n.& o'l < §<D(
oo p 'n_: ;
KRO to KR7T——>{ Keyreturn K= £ 2
x <
3.0V
DMAC: 6 ch [K—> T Regulator |——Vop
Watch timer KG—> %) Vss
% —BVop
Watchdog -
timer K —> BVss
——EVop

IETX 4—] _

=2 IEBus K EVss

IERX—>] - Voptite®

lCNoleG
Notes 1. uPD703034A, 703034AY: 128 KB (mask ROM)

(
uPD703035A, 703035AY: 256 KB (mask ROM)
uPD703037A, 703037AY: 512 KB (mask ROM)
UPD70F3035A, 70F3035AY: 256 KB (flash memory)
UPD70F3037A, 70F3037AY: 512 KB (flash memory)

nPD703034A, 703034AY: 12 KB
nPD703035A, 703035AY, 70F3035A, 70F3035AY: 16 KB
nPD703036A, 703036AY: 20 KB

uPD703037A, 703037AY, 70F3037A, 70F3037AY: 24 KB

SDAO, SDA1, SCLO, and SCL1 pins are available only in the uPD703034AY, 703035AY, 703037AY,
70F3035AY, and 70F3037AY

I’C function is available only in the uPD703034AY, 703035AY, 703037AY, 70F3035AY, and
70F3037AY

1 PD70F3035A, 70F3035AY, 70F3037A, 70F3037AY

1 PD703034A, 703034AY, 703035A, 703035AY, 703037A, 703037AY
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(2) Internal units

(@

(b)

()

C)]

(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 instruction processing.

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

Bus control unit (BCU)

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

ROM

This consists of a mask ROM or flash memory mapped to the address space starting at 00000000H.

The ROM capacity varies depending on the product. The ROM capacity of each product is shown
below.

UPD703034A, 703034AY: 128 KB (mask ROM)
uPD703035A, 703035AY: 256 KB (mask ROM)
UPD70F3035A, 70F3035AY: 256 KB (flash memory)
uPD703037A, 703037AY: 512 KB (mask ROM)
uPD70F3037A, 70F3037AY: 512 KB (flash memory)

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

RAM
The RAM capacity and mapping addresses vary depending on the product. The RAM capacity of each
product is shown below.

UPD703034A, 703034AY: 12 KB (mapping starts at FFFFCOO0H)
uPD703035A, 703035AY, 70F3035A, 70F3035AY: 16 KB (mapping starts at FFFFBOOOH)
uPD703037A, 703037AY, 70F3037A, 70F3037AY: 24 KB (mapping starts at FFFF9000H)

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 for interrupt sources.

Clock generator (CG)

The clock generator includes two types of oscillators; each for main clock (fxx) and for subclock (fxT),
generates five types of clocks (fxx, fxx/2, fxx/4, fxx/8, and fxT), and supplies one of them as the operating
clock for the CPU (fcru).
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(9)

(h)

(M

1)

(k)

U]

Timer/counter

A two-channel 16-bit timer/event counter, a four-channel 8-bit timer/event counter, and a two-channel 8-
bit interval timer are equipped, enabling measurement of pulse intervals and frequency as well as
programmable pulse output.

The two-channel 8-bit timer/event counter can be connected via a cascade to enable use as a 16-bit
timer.

The two-channel 8-bit interval timer can be connected via a cascade to enable to be used as a 16-bit
timer.

Watch timer

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

Watchdog timer

A watchdog timer is equipped to detect inadvertent program loops, system abnormalities, etc.

It can also be used as an interval timer.

When used as a watchdog timer, it generates a non-maskable interrupt request (INTWDT) after an
overflow occurs. When used as an interval timer, it generates a maskable interrupt request (INTWDTM)
after an overflow occurs.

Serial interface (SI0)

The V850/SB2 includes three kinds of serial interfaces: asynchronous serial interfaces (UARTO,
UART1), clocked serial interfaces (CSIO to CSI3), and an 8-/16-bit variable-length serial interface (CSI4).
These plus the I°C bus interfaces (I°CO, I°C1) comprise five channels. Two of these channels are
switchable between the UART and CSI and another two switchable between CSI and I°C.

For UARTO and UART1, data is transferred via the TXDO, TXD1, RXDO0, and RXD1 pins.

For CSI0 to CSI3, data is transferred via the SO0 to SO3, SI0 to SI3, and SCKO to SCK3 pins.

For CSl4, data is transferred via the SO4, Sl4, and SCK4 pins.

For I’CO and I°C1, data is transferred via the SDAO, SDA1, SCLO, and SCL1 pins.

I’CO and I°C1 are equipped only in the uPD703034AY, 703035AY, 703037AY, 70F3035AY, and
70F3037AY.

For UART and CSl4, a dedicated baud rate generator is equipped.

A/D converter
This high-speed, high-resolution 10-bit A/D converter includes 12 analog input pins. Conversion uses
the successive approximation method.

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

(m) Real-time output port (RTP)

The RTP is a real-time output function that transfers preset 8-bit data to an output latch when an external
trigger signal occurs or when there is a match signal in a timer compare register. It can also be used for
4-bit x 2 channels.
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(n) Ports
As shown below, the following ports have general-purpose port functions and control pin functions.

Port I/0 Port Function Control Function
Port 0 8-bit 1/0 General- NMI, external interrupt, A/D converter trigger, RTP trigger
Port 1 6-bit /0 puUrPose POt | gerial interface
Port 2 8-bit 1/0 Serial interface, timer 1/O
Port 3 8-bit 110 Timer I/O, external address bus, serial interface
Port 4 8-bit 1/0 External address/data bus
Port 5 8-bit I/0
Port 6 6-bit 1/0 External address bus
Port 7 8-bit input A/D converter analog input
Port 8 4-bit input
Port 9 7-bit 1/0 External bus interface control signal /0
Port 10 8-bit 1/0 Real-time output port, external address bus, key return input, IEBus
data I/O
Port 11 4-bit 110 Wait control, external address bus

(o) IEBus controller

The IEBus controller is a small-scale digital data transfer system aiming at data transfer among units.
The IEBus controller is incorporated only in the V850/SB2.
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1.5 V850/SB2 (B and H Versions)

1.5.1 Features (V850/SB2 (B and H versions))

O
O

O

O

Number of instructions: 74

Minimum instruction execution time

General-purpose registers
Instruction set

Memory space

External bus interface

Internal memory

Interrupts and exceptions

I/O lines

Timer/counter

B versions: 79 ns (@ 12.58 MHz operation, external power supply 5 V, regulator

output 3.0 V operation)

H versions: 53 ns (@ 18.87 MHz operation, external power supply 5 V, regulator

output 3.3 V operation)

32 bits x 32 registers

Signed multiplication (16 x 16 — 32): (able to execute instructions in parallel

continuously without creating any register hazards).

B versions: 158 ns (@ 12.58 MHz operation)

H versions: 106 ns (@ 18.87 MHz operation)

Saturation operations (overflow and underflow detection functions are included)

32-bit shift instruction: 1 clock

Bit manipulation instructions

Load/store instructions with long/short format

16 MB of linear address space (for programs and data)

External expandability: expandable to 4 MB

Memory block allocation function: 2 MB per block

Programmable wait function

Idle state insertion function

16-bit data bus (address/data multiplex)

Address bus: separate output enabled

3V to 5V interface enabled

Bus hold function

External wait function

uPD703034B, 703034BY (mask ROM: 128 KB/RAM: 8 KB)

uPD703035B, 703035BY (mask ROM: 256 KB/RAM: 16 KB)

uPD703036H, 703036HY (mask ROM: 384 KB/RAM: 24 KB)

uPD703037H, 703037HY (mask ROM: 512 KB/RAM: 24 KB)

uPD70F3035B, 70F3035BY (flash memory: 256 KB/RAM: 16 KB)

uPD70F3036H, 70F3036HY (flash memory: 384 KB/RAM: 24 KB)

uPD70F3037H, 70F3037HY (flash memory: 512 KB/RAM: 24 KB)

Non-maskable interrupts: 2 sources

Maskable interrupts: 39 sources (uPD703034B, 703035B, 703036H,
703037H, 70F3035B, 70F3036H, 70F3037H)

40 sources (uPD703034BY, 703035BY, 703036HY,

703037HY, 70F3035BY, 70F3036HY,
70F3037HY)

Software exceptions: 32 sources

Exception trap: 1 source

Total: 83 (12 input ports and 71 1/O ports)

3 Vto 5V interface enabled

16-bit timer: 2 channels (PWM output)

8-bit timer: 6 channels (four PWM outputs, cascade connection enabled)
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O Watch timer When operating under subclock or main clock: 1 channel

Operation using the subclock or main clock is also possible in the IDLE mode.
O Watchdog timer 1 channel
O Serial interface (SIO) Asynchronous serial interface (UART)

Clocked serial interface (CSI)

I’C bus interface (I°C)

(only for uPD703034BY, 703035BY, 703036HY, 703037HY, 70F3035BY, 70F3036HY,
and 70F3037HY)

8-/16-bit variable-length serial interface

CSI/UART: 2 channels
CSl/I’C: 2 channels
CSI (8-/16-bit valuable): 1 channel
Dedicated baud rate generator: 3 channels
O A/D converter 10-bit resolution: 12 channels
O DMA controller Internal RAM «— on-chip peripheral 1/0: 6 channels
O Real-time output port (RTP) 8 bits x 1 channel or 4 bits x 2 channels
O ROM correction Modifiable 4 points
O Regulator 4.0 Vto 5.5V input — internal 3.0 V
O Key return function 4 to 8 selecting enabled, falling edge fixed
O Clock generator During main clock or subclock operation
5-level CPU clock (including sub operations)
O Power-saving functions HALT/IDLE/STOP modes
O IEBus controller 1ch
O Package 100-pin plastic LQFP (fine pitch, 14 x 14)
100-pin plastic QFP (14 x 20)
O CMOS structure All static circuits

1.5.2 Application fields (V850/SB2 (B and H versions))

AV equipment

Example: Audio, car audio equipment, VCR, and TV.
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1.5.3 Ordering information (V850/SB2 (B and H versions))

Part Number

Package

Internal ROM

H1PD703034BGC-xxx-8EU
HUPD703034BGF-xxx-3BA
HUPD703034BYGC-xxx-8EU
HUPD703034BYGF-xxx-3BA
H1PD703035BGC-xxx-8EU
HUPD703035BGF-xxx-3BA
HUPD703035BYGC-xxx-8EU
HUPD703035BYGF-xxx-3BA
1PD703036HGC-xxx-8EU
UPD703036HGF-xxx-3BA
1PD703036HYGC-xxx-8EU
1PD703036HYGF-xxx-3BA
H1PD703037HGF-xxx-3BA
HUPD703037HYGF-xxx-3BA
HUPD70F3035BGC-8EU
UPD70F3035BGF-3BA
UPD70F3035BYGF-8EU
HUPD70F3035BYGF-3BA
1PD70F3036HGC-8EU
1PD70F3036HGF-3BA
1PD70F3036HYGC-8EU
1PD70F3036HYGF-3BA
UPD70F3037HGF-3BA
UPD70F3037HYGF-3BA

Note In planning

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

Remarks 1. xxx indicates ROM code suffix.

2. ROMiless devices are not provided.
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Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (128 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (256 KB)
Mask ROM (384 KB)
Mask ROM (384 KB)
Mask ROM (384 KB)
Mask ROM (384 KB)
Mask ROM (512 KB)
Mask ROM (512 KB)
Flash memory (256 KB)
Flash memory (256 KB)
Flash memory (256 KB)
Flash memory (256 KB)
Flash memory (384 KB)
Flash memory (384 KB)
Flash memory (384 KB)
Flash memory (384 KB)
Flash memory (512 KB)
Flash memory (512 KB)
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1.5.4 Pin configuration (top view) (V850/SB2 (B and H versions))
100-pin plastic LQFP (fine pitch) (14 x 14)

e uPD703034BGC-xxx-8EU

e uPD703034BYGC-xxx-8EU

e uPD703035BGC-xxx-8EU

e uPD703035BYGC-xxx-8EU

e uPD703036HGC-xxx-8EU
e uPD703036HYGC-xxx-8EU
e uPD70F3035BGC-8EU

e 1PD70F3035BYGC-8EU

e 1PD70F3036HGC-8EU
e 1PD70F3036HYGC-8EU
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zZ Oo | H o=
-HhAao o = QO
LgxAOn < D\: <
FSEFS PevsIFoar-ro <o
a\x>;|xog&&&&&&&EEZQQEQESQQ
038 5lp0pz2222222258%252%25%
OWLTOANTTOMNMOWUITOANTONANTOMNOLWTOAN
N - - - - - O 000000 O 0WO0WOWOWMNNMNMNIMNDMNINDMN
[ M o T o I o Y o T o TR o WY o TR o TR o W WY TR VY o VY o WY o WY o WY o WY o Y o Y o Y o Y o N TR
8885883885838 833888RRRER
P21/S02 O-—p 1 O 75 [«4——CO P71/ANI1
P22/SCK2/SCL1V® 2 Ot—m 2 74 [«——O P70/ANIO
P23/RXD1/SI3 O-—w 3 73 [«4——O AVRer
P24/TXD1/S03 O 4 72— AVss
P25/ASCK1/SCK3 O-— 5 71 —O AVop
EVoo O— 6 70 [<—»O P65/A21
EVss O——— 7 69 [<—»O P64/A20
P26/TI2/TO2 O 8 68 [«4—»O P63/A19
P27/TI3/TO3 O-— o 67 [—»O P62/A18
P30/TI00 O<a—» 10 66 [«4—»O P61/A17
P31/TI01 O-t— 11 65 [«—»O PB0/A16
P32/TI10/S14 O—{ 12 64 [—»(O P57/AD15
P33/TI11/S04 O-—» 13 63 [<—»O P56/AD14
P34/TO0/A13/SCK4 O<— 14 62 [«4—»(O P55/AD13
P35/TO1/A14 O-— 15 61 [«—mO P54/AD12
P36/TI4/TO4/A15 O<—P 16 60 [«¢—»(O P53/AD11
P37/TI5/TO5 O-—m= 17 59 [<—mO P52/AD10
ICvepNete !t O—— 18 58 [<—O P51/AD9
P100/RTPO/KRO/A5 O~tt—= 19 57 [«—»O P50/AD8
P101/RTP1/KR1/A6 O 20 56 ——CO BVss
P102/RTP2/KR2/A7 O~—= 21 55 ———CO BVbp
P103/RTP3/KR3/A8 O~tt—= 22 54 [«4—O P47/AD7
P104/RTP4/KR4/A9/IERX O-—m 23 53 [«—=O P46/AD6
P105/RTP5/KR5/A10/ETX O<a—p 24 52 [«¢—O P45/AD5
P106/RTP6/KR6/A11 O—9 25 51 [«—=O P44/AD4
RRYITBsTFT885887923I9¢5223
NFN(’)VI—\—NOQ\—CDDI—-IZIQLQ!OO‘—NO')
- < << E = X 9 o 14 [alalalia)
EsS5RRkE >>8EEE%5§%$$$$
EZF::::H.:J 74 xsSOZE L2238
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x;n_o.n_ ow &5l OB aslOoon
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Notes 1. IC (uPD703034B, 703034BY, 703035B, 703035BY, 703036H, 703036HY): Connect directly to Vss.
Vpp (uPD70F3035B, 70F3035BY, 70F3036H, 70F3036HY): Connect to Vss in normal operation mode.
2. SCLO, SCL1, SDAO, and SDA1 are available only in the uPD703034BY, 703035BY, 703036HY,

70F3035BY, and 70F3036HY.
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100-pin plastic QFP (14 x 20)
uPD703034BGF-xxx-3BA
UPD703034BYGF-xxx-3BA
uPD703035BGF-xxx-3BA
UPD703035BYGF-xxx-3BA

UPD703036HGF-xxx-3BA
uPD703036HYGF-xxx-3BA
UPD703037HGF-xxx-3BA
uPD703037HYGF-xxx-3BA
uPD70F3035BGF-3BA

UPD70F3035BYGF-3BA
UPD70F3036HGF-xxx-3BA
UPD70F3036HYGF-xxx-3BA
uPD70F3037HGF-3BA
uPD70F3037HYGF-3BA
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E|OOQEEEEEEE§ZZZZZZZZ

N s 2L LLIC

P A ORI NN ONICORNOD T
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8385883385838588333%

P14/SO1/TXD0 Oa—»{ 1 O 80 [¢——QO P73/ANI3
P15/SCK1/ASCKO O 2 79 | ——QO P72/ANI2
P20/SI2/SDA1™? Ot—p{ 3 78 |——O P71/ANI1

P21/S02 O 4 77 [-4——Q P70/ANIO
P22/SCK2/SCL1"*2 Ot—| 5 76 | 4—O AVRrer

P23/RXD1/SI3 O4—»| ¢ 75 ——CO AVss

P24/TXD1/S03 Ot—| 7 74 —CQ AvVop
P25/ASCK1/SCK3 O<t—»| g 73 [<—»O P65/A21

EVoo O— 9 72 [4—O P64/A20
EVss O— 10 71 [<—»QO P63/A19
P26/TI2/TO2 O-a— 11 70 [—»O P62/A18
P27/TI3/TO3 O 12 69 [—»O P61/A17
P30/TI00 O<—{ 13 68 [—»O P60/A16
P31/TI0O1 Ot—{ 14 67 | 4—»Q P57/AD15
P32/TI10/S14 O<4—» 15 66 [4—»O P56/AD14
P33/TI11/S04 O 16 65 [—»QO P55/AD13
P34/TO0/A13/SCK4 Oa—»{ 17 64 |[4—»Q P54/AD12
P35/TO1/A14 O 13 63 [—»O P53/AD11
P36/TI4/TO4/A15 O] 19 62 [—»QO P52/AD10
P37/TI5/TO5 O] 2 51 [<—»O P51/AD9
icveeet O— 21 60 [«—»O P50/AD8
P100/RTPO/KR0O/AS O<— 22 50 ——O BVss
P101/RTP1/KR1/A6 O] 23 58 ——O BVop
P102/RTP2/KR2/A7 O<—9] 24 57 |—»QO P47/AD7
P103/RTP3/KR3/A8 O] 25 56 [—»O P46/AD6
P104/RTP4/KR4/A9/IERX O 25 55 [«—»O P45/AD5
P105/RTP5/KR5/A10/ETX O] 27 54 [—O P44/AD4
P106/RTP6/KR6/A11 O-t— 28 53 [<—»O P43/AD3
P107/RTP7/KR7/A12 O<— o9 52 [—»=O P42/AD2
P110/WAIT/A1 O—»] 30 51 [<—O P41/AD1

P111/A2 Ot 34
P112/A3 O 32
P113/A4 O 33

O—»{

XT1 O—»{ 35

X1 O—» 39

vss O— 40

Voo O——— 41
CLKOUT O— 42
Oa—p| 43
O‘-’ 49
P40/AD0 O 50

P90/LBEN/WRL O 43

RESET

P91/UBEN O 44

P92/RW/WRH O 45

P94/ASTB O 47

P93/DSTB/RD O 46

P95/HLDAK
P96/HLDRQ

Notes 1. IC (uPD703034B, 703034BY, 703035B, 703035BY, 703036H, 703036HY, 703037H, 703037HY):
Connect directly to Vss.
Vep (uPD70F3035B, 70F3035BY, 70F3036H, 70F3036HY, 70F3037H, 70F3037HY):
Connect to Vss in normal operation mode.
2. SCLO, SCL1, SDAO, and SDAT1 are available only in the uPD703034BY, 703035BY, 703036HY,

703037HY, 70F3035BY, 70F3036HY, and 70F3037HY.
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Pin names (V850/SB2 (B and H versions))
A1 to A21: Address bus P70 to P77: Port 7
ADO to AD15: Address/data bus P80 to P83: Port 8
ADTRG: A/D trigger input P90 to P96: Port 9
ANIO to ANI11: Analog input P100 to P107: Port 10
ASCKO, ASCK1: Asynchronous serial clock P110 to P113: Port 11
ASTB: Address strobe RD: Read
AVbb: Analog Vop REGC: Regulator control
AVREF: Analog reference voltage RESET: Reset
AVss: Analog Vss RTPO to RTP7: Real-time output port
BVoo: Power supply for bus interface RTPTRG: RTP trigger
BVss: Ground for bus interface R/W: Read/write status
CLKOUT: Clock output RXDO0, RXD1: Receive data
DSTB: Data strobe SCKO to SCK4: Serial clock
EVob: Power supply for port SCLO, SCL1: Serial clock
EVss: Ground for port SDAO, SDAT: Serial data
HLDAK: Hold acknowledge SI0 to Sl4: Serial input
HLDRQ: Hold request SO0 to SO4: Serial output
IC: Internally connected TIO0O, TIO1, TI10,
1ERX: |EBus receive data TIH1, TI2 to TI5: Timer input
1ETX: IEBus transmit data TOO to TO5: Timer output
INTPO to INTP6: Interrupt request from peripherals TXDO,TXD1: Transmit data
KRO to KR7: Key return UBEN: Upper byte enable
LBEN: Lower byte enable Vob: Power supply
NMI: Non-maskable interrupt request Vpp: Programming power supply
P00 to P0O7: Port 0 Vss: Ground
P10 to P15: Port 1 WAIT: Wait
P20 to P27: Port 2 WRH: Write strobe high level data
P30 to P37: Port 3 WRL: Write strobe low level data
P40 to P47: Port 4 X1, X2: Crystal for main clock
P50 to P57: Port 5 XT1, XT2: Crystal for subclock
P60 to P65: Port 6
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1.5.5 Function blocks (V850/SB2 (B and H versions))

(1) Internal block diagram

] _RoMm cPU
NMI— e ke L1 «——HLDRQ (P96)
INTPO to INTP6E——>] [~ ROM  H—instruction| —m=~HLDAK (P95)
PC —— correction = queue
Note .l - ASTB (P94)
TI00,TI0Y, T - — —»-DSTBIRD (P93)
TI0,TI1 Timer/counter 32'b|t. barrel = Multiplier —» R/W /WRH (P92)
shifter 16 x16—32 L UBEN (P91)
TOOTOT< 16-bit timer. - [ BEN/WRL (P90)
Tmoa<c=s| MO TMT T System BCU |a——WATT (P110)
TI3TO3 8-bit fimer: RAN register Alto A12
TI4TO4 TM2 to TM7 - ——">(P100 to P107
TI5TOS5 L |[[General-purpose P110 to P113)
registers
o N(;te ] 32 bits x 32 ——>>A13 to A15 (P34 to P36)
——>>A16 to A21 (P60 to P65)
SO0
SI0/SDAON * Cslo/’co {} ~ < —">AD0 to AD15
ere Y - I P40 to P47, P50 to P57
SCKO/SCLON" 3 Note 4 @ @ (P40 to P47, P50 to P57)
SO2- "
SI2/SDA1M® 3 g Cﬁ'ft’; 21 — <
SCK2/SCL1N " *
SO1/TXDO & @ @ @ j t
SI1/RXDO CSI/UARTO k="
SCK1/ASCKO - | Ports | D - CLKOUT
SO3/TXD1 & RTP converter X1
SI3/RXD1 CSI3/UART1 k=" I
SCK3/ASCK1 & cG
O NOONWONNNNLO N~ @T T ﬁT -— XT1
S04 -« i ~ OO ONOLITOAN— O
Variable il s s W o TR WY M o WY W a Mo T L x12
Sk cs Logooogooooge ~ Qw9 =
SCK4 - length CS14 225550000000 a@ Sulcpw l@—RESET
< °gP3ESBFERES kE Iz<Zp L
- = oo < [a]
oo = 'n_: o<
KRO to KR7TE—=> Keyreturn K= g 2
@ <
Note 5
DMAC: 6 ch [K—> T Regulator  [——Vpp
Watch timer K—>1 %) Vss
% —BVop
Watchdog —
timer —BVss
——EVop
IETX <4—] )
—= IEBus K —> EVss
IERX—P» A Vpphote 6
ICNole7

Notes 1. ©PD703034B, 703034BY: 128 K (mask ROM)
uPD703035B, 703035BY: 256 K (mask ROM)
uPD703036H, 703036HY: 384 K (mask ROM)
uPD703037H, 703037HY: 512 K (mask ROM)
uPD70F3035B, 70F3035BY: 256 K (flash memory)
uPD70F3036H, 70F3036HY: 384 K (flash memory)
uPD70F3037H, 70F3037HY: 512 K (flash memory)
2. uPD703034B, 703034BY 8 KB
uPD703035B, 703035BY, 70F3035B, 70F3035BY: 16 KB
uPD703036H, 703036HY, 703037H, 703037HY,: 24 KB
70F3036H, 70F3036HY, 70F3037H, 70F3037HY
3. SDAO, SDA1, SCLO, SCL1 pins are available only in the uPD703034BY, 703035BY, 703036HY,
703037HY, 70F3035BY, 70F3036HY, and 70F3037HY
4. I°C functions is available only in the uPD703034BY, 703035BY, 703036HY, 703037HY, 70F3035BY,
70F3036HY, and 70F3037HY
B versions: 3.0 V, H versions: 3.3V
uPD70F3035B, 70F3035BY, 70F3036H, 70F3036HY, 70F3037H, 70F3037HY
7. uPD703034B, 703034BY, 703035B, 703035BY, 703036H, 703036HY, 703037H, 703037HY

oo
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70

(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 instruction processing.

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

Bus control unit (BCU)

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

ROM
This consists of a mask ROM or flash memory mapped to the address space starting at 00000000H.
The ROM capacity varies depending on the product. The ROM capacity of each product is shown

below.

uPD703034B, 703034BY: 128 KB (mask ROM)
uPD703035B, 703035BY: 256 KB (mask ROM)
uPD70F3035B, 70F3035BY: 256 KB (flash memory)
uPD703036H, 703036HY: 384 KB (mask ROM)
UPD70F3036H, 70F3036HY: 384 KB (flash memory)
uPD703037H, 703037HY: 512 KB (mask ROM)
UPD70F3037H, 70F3037HY: 512 KB (flash memory)

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

RAM
The RAM capacity and mapping addresses vary depending on the product. The RAM capacity of each
product is shown below.

uPD703034B, 703034BY: 8 KB (mapping starts at FFFFDOOOH)
uPD703035B, 703035BY, 70F3035B, 70F3035BY: 16 KB (mapping starts at FFFFBOOOH)
uPD703036H, 703036HY, 70F3036H, 70F3036HY,

703037H, 703037HY, 70F3037H, 70F3037HY: 24 KB (mapping starts at FFFF9000H)

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 for interrupt sources.
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()

@

(h)

U

()

(k)

U

Clock generator (CG)

The clock generator includes two types of oscillators; each for main clock (fxx) and for subclock (fxT),
generates five types of clocks (fxx, fxx/2, fxx/4, fxx/8, and fxT), and supplies one of them as the operating
clock for the CPU (fcru).

Timer/counter

A two-channel 16-bit timer/event counter, a four-channel 8-bit timer/event counter, and a two-channel 8-
bit interval timer are equipped, enabling measurement of pulse intervals and frequency as well as
programmable pulse output.

The two-channel 8-bit timer/event counter can be connected via a cascade to enable use as a 16-bit
timer.

The two-channel 8-bit interval timer can be connected via a cascade to enable to be used as a 16-bit
timer.

Watch timer

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

Watchdog timer

A watchdog timer is equipped to detect inadvertent program loops, system abnormalities, etc.

It can also be used as an interval timer.

When used as a watchdog timer, it generates a non-maskable interrupt request (INTWDT) after an
overflow occurs. When used as an interval timer, it generates a maskable interrupt request (INTWDTM)
after an overflow occurs.

Serial interface (SI0)

The V850/SB2 includes three kinds of serial interfaces: asynchronous serial interfaces (UARTO,
UART1), clocked serial interfaces (CSI0 to CSI3), and an 8-/16-bit variable-length serial interface (CSI4).
These plus the I°C bus interfaces (I1°CO, I°C1) comprise five channels. Two of these channels are
switchable between the UART and CSI and another two switchable between CSI and I°C.

For UARTO and UART1, data is transferred via the TXD0O, TXD1, RXDO, and RXD1 pins.

For CSIO to CSI3, data is transferred via the SO0 to SO3, SI0 to SI3, and SCKO to SCK3 pins.

For CSl4, data is transferred via the SO4, SI4, and SCK4 pins.

For I°C0 and I°C1, data is transferred via the SDAO, SDA1, SCLO, and SCL1 pins.

I°C0O and I’C1 are equipped only in the uPD703034BY, 703035BY, 703036HY, 703037HY, 70F3035BY,
70F3036HY, and 70F3037HY.

For UART and CSl4, a dedicated baud rate generator is equipped.

A/D converter
This high-speed, high-resolution 10-bit A/D converter includes 12 analog input pins. Conversion uses
the successive approximation method.

DMA controller

A six-channel DMA controller is equipped. This controller transfers data between the internal RAM and
on-chip peripheral I/O devices in response to interrupt requests sent by on-chip peripheral 1/O.
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(m) Real-time output port (RTP)
The RTP is a real-time output function that transfers preset 8-bit data to an output latch when an external
trigger signal occurs or when there is a match signal in a timer compare register. It can also be used for
4-bit x 2 channels.

(n) Ports
As shown below, the following ports have general-purpose port functions and control pin functions.

Port I/0 Port Function Control Function
Port 0 8-bit 1/0 General- NMI, external interrupt, A/D converter trigger, RTP trigger
Port 1 6-bit 1/0 purpose port Serial interface
Port 2 8-bit 110 Serial interface, timer I/O
Port 3 8-bit 1/0 Timer I/O, external address bus, serial interface
Port 4 8-bit 110 External address/data bus
Port 5 8-bit 110
Port 6 6-bit 110 External address bus
Port 7 8-bit input A/D converter analog input
Port 8 4-bit input
Port 9 7-bit 1/0 External bus interface control signal 1/0
Port 10 8-bit I/0 Real-time output port, external address bus, key return input, IEBus
data 1/0
Port 11 4-bit 110 Wait control, external address bus

(o) IEBus controller
The IEBus controller is a small-scale digital data transfer system aiming at data transfer among units.
The IEBus controller is incorporated only in the V850/SB2.
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2.1 List of Pin Functions

The names and functions of the pins of the V850/SB1 and V850/SB2 are described below divided into port pins

and non-port pins.
There are three types of power supplies for the pin 1/O buffers: AVob, BVop, and EVop. The relationship between

these power supplies and the pins is described below.

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

Power Supply Corresponding Pins Usable Voltage Range

AVop Port 7, port 8 When using A/D converter: 4.5V <AVob <55V
When not using A/D converter: 3.5V < AVop<5.5V

BVoo Port 4, port 5, port 6, port 9, CLKOUT 3.0V<BVopb<55V

EVoo Port 0, port 1, port 2, port 3, port 10, port 11, RESET | 3.0 V<EVop <5.5V

Caution The electrical specifications in the case of 3.0 V to up to 4.0 V are different
from those for 4.0 to 5.5 V.

Differences in pins between the V850/SB1 and V850/SB2 are shown below.

Table 2-2. Differences in Pins Between V850/SB1 and V850/SB2

Pin V850/SB1 V850/SB2
uPD703031A, |uPD70F3032A, |uPD703031AY, |uPD70F3032AY,|uPD703034A, |uPD70F3035A, [uPD703034AY, (uPD70F3035AY,
uPD703032A, |uPD70F3033A, |uPD703032AY, |uPD70F3033AY,|uPD703035A, |uPD70F3037A, [uPD703035AY, (uPD70F3037AY,
uPD703033A, |uPD70F3030B, |uPD703033AY, |uPD70F3030BY,|uPD703037A, |uPD70F3035B, [uPD703037AY, (uPD70F3035BY,
uPD703030B, |uPD70F3032B, |uPD703030BY, |uPD70F3032BY,|uPD703034B, |uPD70F3036H, ([uPD703034BY, (uPD70F3036HY,
uPD703031B, |uPD70F3033B |uPD703031BY, |[uPD70F3033BY |uPD703035B, |uPD70F3037H |uPD703035BY, |uPD70F3037HY
uPD703032B, uPD703032BY, uPD703036H, uPD703036HY,
uPD703033B uPD703033BY uPD703037H uPD703037HY
IC Available None Available None Available None Available None
Vep None Available None Available None Available None Available
SDAO, None Available None Available
SDA1
SCLo, None Available None Available
SCL1
IERX None Available
IETX None Available
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(1) Port pins

(1/3)
Pin Name I/0 PULL Function Alternate Function

P00 I/0 Yes Port 0 NMI

PO1 8-bit /O port INTPO
Input/output mode can be specified in 1-bit units.

P02 INTP1

PO3 INTP2

P04 INTP3

PO5 INTP4/ADTRG

P06 INTP5/RTPTRG

PO7 INTP6

P10 I/O Yes Port 1 SI0/SDAO

P11 6-bit /O port s00
Input/output mode can be specified in 1-bit units. —

P12 SCKO0/SCLO

P13 SI1/RXDO

P14 SO1/TXDO

P15 SCK1/ASCKO

P20 I/O Yes Port 2 SI2/SDA1

P21 8-bit /O port so2
Input/output mode can be specified in 1-bit units. —

P22 SCK2/SCLA1

P23 SI3/RXD1

P24 SO3/TXD1

P25 'SCK3/ASCK1

P26 TI2/TO2

P27 TI3/TO3

Remark PULL: On-chip pull-up resistor
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(2/3)
Pin Name 1/0 PULL Function Alternate Function

P30 I/0 Yes Port 3 TIOO

P31 8-bit 1/0O port TI01
Input/output mode can be specified in 1-bit units.

P32 TIHO/SI4

P33 TI11/SO4

P34 TOO/A13/SCK4

P35 TO1/A14

P36 TI4/TO4/A15

P37 TI5/TO5

P40 I/0 No Port 4 ADO

P41 8-bit 1/0 port AD1
Input/output mode can be specified in 1-bit units.

P42 AD2

P43 AD3

P44 AD4

P45 AD5

P46 AD6

P47 AD7

P50 I/0 No Port 5 AD8

P51 8-bit 1/0 port AD9
Input/output mode can be specified in 1-bit units.

P52 AD10

P53 AD11

P54 AD12

P55 AD13

P56 AD14

P57 AD15

P60 I/0 No Port 6 A16

P61 6-bit 1/0 port A17
Input/output mode can be specified in 1-bit units.

P62 A18

P63 A19

P64 A20

P65 A21

Remark PULL: On-chip pull-up resistor
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(3/3)
Pin Name 1/0 PULL Function Alternate Function
P70 Input No Port 7 ANIO
P71 8-bit input port AN
P72 ANI2
P73 ANI3
P74 ANI4
P75 ANI5
P76 ANI6
P77 ANI7
P80 Input No Port 8 ANI8
P81 4-bit input port ANI9
P82 ANI10
P83 ANI11
P90 /0 No | Port9 LBEN/WRL
P91 7-bit 1/0 port UBEN
Input/output mode can be specified in 1-bit units. —
P92 R/W/WRH
P93 DSTB/RD
P94 ASTB
P95 HLDAK
P96 HLDRQ
P100 I/O Yes Port 10 RTPO/A5/KRO
P101 8-bit I/ port RTP1/AG/KR1
Input/output mode can be specified in 1-bit units.
P102 RTP2/A7/KR2
P103 RTP3/A8/KR3
P104 RTP4/A9/KR4/IERX
P105 RTP5/A10/KR5/IETX
P106 RTP6/A11/KR6
P107 RTP7/A12/KR7
P110 /0 Yes | Port11 A1/ WAIT
P111 4-bit I/O port A2
Input/output mode can be specified in 1-bit units.
P112 A3
P113 A4

Remark PULL: On-chip pull-up resistor
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(2) Non-port pins

(1/3)

Pin Name I/0 PULL Function Alternate Function
Al Output Yes Lower address bus used for external memory expansion P110/WAIT
A2 to A4 P111to P113
A5 to A8 P100/RTPO/KRO to

P103/RTP3/KR3
A9 P104/RTP4/KR4/IERX
A10 P105/RTP5/KR5/IETX
Al1, A12 P106/RTP6/KR6 to
P107/RTP7/KR7
A13 P34/TO0/SCK4
Al4 P35/TO1
A15 P36/T14/TO4
A16 to A21 Output No Higher address bus used for external memory expansion P60 to P65
ADO to AD7 /0 No 16-bit multiplexed address/data bus used for external memory | P40 to P47
ADS to AD15 expansion P50 to P57
ADTRG Input Yes A/D converter external trigger input PO5/INTP4
ANIO to ANI7 Input No Analog input to A/D converter P70 to P77
ANI8 to ANI11 Input No P80 to P83
ASCKO Input Yes Serial clock input for UARTO and UART1 P15/SCK1
ASCK1 P25/SCK3
ASTB Output No External address strobe signal output P94
AVop - - Positive power supply for A/D converter and alternate-function port -
AVRer Input - Reference voltage input for A/D converter -
AVss - - Ground potential for A/D converter and alternate-function port -
BVoo - - Positive power supply for bus interface and alternate-function port -
BVss - - Ground potential for bus interface and alternate-function port -
CLKOUT Output - Internal system clock output -
DSTB Output No External data strobe signal output P93/RD
EVoo - - Power supply for I/O port and alternate-function pin (except for -
bus interface)
EVss - - Ground potential for I/O port and alternate-function pin (except -
for bus interface)
HLDAK Output No Bus hold acknowledge output P95
HLDRQ Input No Bus hold request input P96
IERX Input Yes IEBus data input (V850/SB2 only) P104/RTP4/KR4/A9
IETX Output IEBus data output (V850/SB2 only) P105/RTP5/KR5/A10
INTPO to INTP3| Input Yes External interrupt request input (analog noise elimination) P01 to P04
INTP4 External interrupt request input (digital noise elimination) PO5/ADTRG
INTP5 PO06/RTPTRG
Remark PULL: On-chip pull-up resistor
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(2/3)
Pin Name 1/0 PULL Function Alternate Function
INTP6 Input Yes External interrupt request input (digital noise elimination for | P07
remote control)

KRO to KR3 Key return input P100/A5/RTPO to
P103/A8/RTP3

KR4 P104/A9/RTP4/IERX

KR5 P105/A10/RTP5/IETX

KR6, KR7 P106/A11/RTP6 to
P107/A12/RTP7

LBEN Output No External data bus’s lower byte enable signal output P90/WRL

IC - - Internally connected (mask ROM versions only) -

NMI Input Yes Non-maskable interrupt request input (analog noise elimination) P00

RD Output No Read strobe signal output P93/DSTB

REGC - - Capacitor connection for regulator output stabilization -

RESET Input - System reset input -

RTPO to RTP3 | Output Yes Real-time output port P100/A5/KRO0 to
P103/A8/KR3

RTP4 P104/A9/KR4/IERX

RTP5 P105/A10/KR5/IETX

RTP6, RTP7 P106/A11/KR8,
P107/A12/KR7

RTPTRG Input Yes RTP external trigger input PO6/INTP5

RW Output No External read/write status output P92/WRH

RXDO Input Yes Serial receive data input for UARTO and UART1 P13/SIH

RXD1 P23/SI3

'SCKO 110 Yes Serial clock I/O (3-wire type) for CSIO to CSI3 P12/SCLO

SCK1 P15/ASCKO

SCK2 P22/SCL1

SCK3 P25/ASCK1

SCK4 Serial clock I/O for variable-length CSl4 (3-wire type) P34/TO0/A13

SCLO I/O Yes Serial clock I/O for ICO and I’C1 (Y versions (products with on- P12/SCKO

SCL1 chip I’C) only) P22/SCK2

SDAO I/0 Yes Serial transmit/receive data I/0 for I1°CO and I°C1 P10/SI10

SDA1 (Y versions (products with on-chip I°C) only) P20/SI2

Slo Input Yes Serial receive data input (3-wire type) for CSIO to CSI3 P10/SDAO

SH P13/RXD0

SlI2 P20/SDA1

SI3 P23/RXD1

Sl4 Serial receive data input (3-wire type) for variable-length CSl4 P32/TI10

SO0 Output Yes Serial transmit data output (3-wire type) for CSIO to CSI3 P11

Remark PULL: On-chip pull-up resistor
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(3/3)
Pin Name 1/0 PULL Function Alternate Function
SO1 Output Yes Serial transmit data output (3-wire type) for CSIO to CSI3 P14/TXDO
S02 P21
SO3 P24/TXD1
S04 Serial transmit data output for variable-length CSI4 (3-wire type) | P33/TI11
TIOO Input Yes Shared as external capture trigger input and external count | P30
clock input for TMO
TIO1 External capture trigger input for TMO P31
THO Shared as external capture trigger input and external count | P32/Sl4
clock input for TM1
T External capture trigger input for TM1 P33/S04
TI2 External count clock input for TM2 P26/TO2
TI3 External count clock input for TM3 P27/TO3
T4 Input Yes External count clock input for TM4 P36/TO4/A15
TI5 External count clock input for TM5 P37/TO5
TOO, TO1 Output Yes Pulse signal output for TMO, TM1 P34/A13/SCK4/P35/
Al4
TO2 Pulse signal output for TM2 P26/TI2
TO3 Pulse signal output for TM3 P27/TI3
TO4 Pulse signal output for TM4 P36/T14/A15
TO5 Pulse signal output for TM5 P37/TI5
TXDO Output Yes Serial transmit data output for UARTO and UART1 P14/SOA1
TXD1 P24/SO3
UBEN Output No Higher byte enable signal output for external data bus P91
Vop - - Positive power supply pin -
Vep - - High-voltage apply pin for program write/verify (flash memory -
versions only)
Vss - - GND potential -
WAIT Input Yes Control signal input for inserting wait in bus cycle P110/A1
WRH Output No Higher byte write strobe signal output for external data bus P92/R/W
WRL Lower byte write strobe signal output for external data bus P90/LBEN
X1 Input No Resonator connection for main clock -
X2 - -
XT1 Input No Resonator connection for subclock -
XT2 - -

Remark PULL: On-chip pull-up resistor
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2.2 Pin States

The operating states of various pins are described below with reference to their operating modes.

Table 2-3. Operating States of Pins in Each Operating Mode

Operating State Reset"™' HALT Mode/ IDLE Mode/ Bus Hold Bus Cycle
Pin Idle State STOP Mode Inactive"*?
ADO to AD15 Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
A1l to A15 Hi-Z Held Held Held Held"™*®
A16 to A21 Hi-Z Held Hi-Z Hi-Z Held"**
LBEN, UBEN Hi-Z Held Hi-Z Hi-Z Held""*
RIW Hi-Z H Hi-Z Hi-Z H
DSTB, WRL, WRH, RD Hi-Z H Hi-Z Hi-Z H
ASTB Hi-Z H Hi-Z Hi-Z H
HLDRQ — Operating — Operating Operating
‘HLDAK Hi-Z Operating Hi-Z L Operating
WAIT — — — — —
CLKOUT Hi-Z Operating"™** L Operating"™** Operating"™**

Notes 1. Pins (except the CLKOUT pin) are used as port pins (input mode) after reset.

2. The bus cycle inactivation timing occurs when the internal memory area is specified by the program
counter (PC) in the external expansion mode.
3. e When the external memory area has not been accessed even once after reset is released and the
external expansion mode is set: Undefined
* When the bus cycle is inactivated after access to the external memory area, or when the external
memory area has not been accessed even once after the external expansion mode is released and
set again: The state of the external bus cycle when the external memory area accessed last is held.
4. Low level (L) when in clock output inhibit mode

Remark Hi-Z: High impedance
Held: State is held during preset external bus cycle
L: Low-level output
H: High-level output
- Input without sampling sampled (not acknowledged)
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2.3 Description of Pin Functions

(1) POO to P07 (Port 0) --- 3-state I/O
P00 to P07 constitute an 8-bit I/O port that can be set to input or output in 1-bit units.
P00 to P07 can also function as an NMI input, external interrupt request inputs, external trigger for the A/D
converter, and external trigger for the real-time output port. The valid edges of the NMI and INTPO to INTP6 pins
are specified by the EGP0 and EGNO registers.

(a) Port function
P00 to P07 can be set to input or output in 1-bit units using the port 0 mode register (PMO).

(b) Alternate functions

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

(ii) INTPO to INTP6 (Interrupt request from peripherals) --- input
These are external interrupt request input pins.

(iii) ADTRG (A/D trigger input) --- input
This is the A/D converter's external trigger input pin. This pin is controlled by A/D converter mode
register 1 (ADM1).

(iv) RTPTRG (Real-time output port trigger input) --- input

This is the real-time output port’s external trigger input pin. This pin is controlled by the real-time output
port control register (RTPC).
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(2) P10 to P15 (Port 1) --- 3-state I/O

82

P10 to P15 constitute a 6-bit I/O port that can be set to input or output in 1-bit units.
P10 to P15 can also function as input or output pins for the serial interface.
P10 to P12, P14, and P15 can be selected as normal output or N-ch open-drain output.

(a) Port function
P10 to P15 can be set to input or output in 1-bit units using the port 1 mode register (PM1).

(b) Alternate functions

(i) Slo, SI1 (Serial input 0, 1) --- input
These are the serial receive data input pins of CSI0 and CSI1.

(ii) SO0, SO1 (Serial output 0, 1) --- output
These are the serial transmit data output pins of CSI0 and CSI1.

(iii) SCKO0, SCK1 (Serial clock 0, 1) --- 3-state I/O
These are the serial clock I/O pins for CSI0 and CSI1.

(iv) SDAO (Serial data 0) --- /O
This is the serial transmit/receive data I/O pin of I°CO (Y versions (products with on-chip I°C) only).

(v) SCLO (Serial clock 0) --- I/0
This is the serial clock I/O pin for I’CO (Y versions (products with on-chip I°C) only).

(vi) RXDO (Receive data 0) --- input
This is the serial receive data input pin of UARTO.

(vii) TXDO (Transmit data 0) --- output
This is the serial transmit data output pin of UARTO.

(viii) ASCKO (Asynchronous serial clock 0) --- input
This is the serial baud rate clock input pin of UARTO.
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(3) P20 to P27 (Port 2) --- 3-state I/O
P20 to P27 constitute an 8-bit I/O port that can be set to input or output in 1-bit units.
P20 to P27 can also function as input or output pins for the serial interface, and input or output pins for the
timer/counter.
P20 to P22, P24, and P25 can be selected as normal output or N-ch open-drain output.

(a) Port function
P20 to P27 can be set to input or output in 1-bit units using the port 2 mode register (PM2).

(b) Alternate functions

(i) SI2, SI3 (Serial input 2, 3) --- input
These are the serial receive data input pins of CSI2 and CSI3.

(ii) S02, SO3 (Serial output 2, 3) --- output
These are the serial transmit data output pins of CSI2 and CSI3.

(iii) SCK2, SCK3 (Serial clock 2, 3) --- 3-state I/O
These are the serial clock 1/O pins of CSI2 and CSI3.

(iv) SDA1 (Serial data 1)...1/0
This is the serial transmit/receive data 1/O pin of I°C1 (Y versions (products with on-chip I’C) only).

(v) SCLA1 (Serial clock) ... I/O
This is the serial clock I/O pin of I°C1 (Y versions (products with I°C) only).

(vi) RXD1 (Receive data 1) ... input
This is the serial receive data input pin of UART1.

(vii) TXD1 (Transmit data 1) ... output
This is the serial transmit data output pin of UART1.

(viii) ASCK1 (Asynchronous serial clock 1) ... input
This is the serial baud rate clock input pin of UART1.

(ix) TI2, TI3 (Timer input 2, 3) ... input
These are the external count clock input pins of timer 2 and timer 3.

(x) TO2, TO3 (Timer output 2, 3) ... output
These are the pulse signal output pins of timer 2 and timer 3.
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4)
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P30 to P37 (Port 3) --- 3-state I/0

P30 to P37 constitute an 8-bit I/O port that can be set to input or output in 1-bit units.

P30 to P37 can also function as input or output pins for the timer/counter, an address bus (A13 to A15) when
memory is expanded externally, and serial interface 1/0.

P33 and P34 can be selected as normal output or N-ch open-drain output.

(a) Port function
P30 to P37 can be set to input or output in 1-bit units using the port 3 mode register (PM3).

(b) Alternate functions

(i) TI00, TIO1, TI10, TI11, TI4, TI5 (Timer input 00, 01, 10, 11, 4, 5) --- input
These are the external count clock input pins of timer 0, timer 1, timer 4, and timer 5.

(ii) TOO, TO1, TO4, TO5 (Timer output 0, 1, 4, 5) --- output
These are the pulse signal output pins of timer 0, timer 1, timer 4, and timer 5.

(iii) A13 to A15 (Address bus 13 to 15) --- output
These comprise an address bus that is used for external access. These pins operate as the A13 to
A15 bit address output pins within a 22-bit address. The output changes in synchronization with the
rising edge of the clock in the T1 state of the bus cycle. When the timing sets the bus cycle to inactive,
the previous bus cycle’s address is retained.

(iv) Sl4 (Serial input 4) --- input
This is the serial receive data input pin of CSI4.

(v) SO4 (Serial output 4) --- output
This is the serial transmit data output pin of CSI4.

(vi) SCK4 (Serial clock 4) --- 3-state 1/0
This is the 1/0 pin of the CSI4 serial clock.
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(5) P40 to P47 (Port 4) --- 3-state I/O

(6)

P40 to P47 constitute an 8-bit I/O port that can be set to input or output pins in 1-bit units.

P40 to P47 can also function as a time division address/data bus (ADO to AD7) when memory is expanded
externally.

The 1/O signal level uses the bus interface power supply pins BVop and BVss as a reference.

(a) Port function
P40 to P47 can be set to input or output in 1-bit units using the port 4 mode register (PM4).

(b) Alternate functions (External expansion function)
P40 to P47 can be set as ADO to AD7 using the memory expansion mode register (MM).

(i) ADO to AD7 (Address/data bus 0 to 7) --- 3-state I/O
These comprise a multiplexed address/data bus that is used for external access. At the address timing
(T1 state), these pins operate as ADO to AD7 (22-bit address) output pins. At the data timing (T2, TW,
T3), they operate as the lower 8-bit /0O bus pins for 16-bit data. The output changes in synchronization
with the rising edge of the clock in each state within the bus cycle. When the timing sets the bus cycle
to inactive, these pins go into a high-impedance state.

P50 to P57 (Port 5) --- 3-state 1/0
P50 to P57 constitute an 8-bit I/O port that can be set to input or output in 1-bit units.

P50 to P57 can also function as I/O port pins and as a time division address/data buses (AD8 to AD15) when
memory is expanded externally.

The 1/O signal level uses the bus interface power supply pins BVop and BVss as reference.

(a) Port function
P50 to P57 can be set to input or output in 1-bit units using the port 5 mode register (PM5).

(b) Alternate functions (External expansion function)
P50 to P57 can be set as AD8 to AD15 using the memory expansion mode register (MM).

(i) ADS8 to AD15 (Address/data bus 8 to 15) -.- 3-state I/O
These comprise a multiplexed address/data bus that is used for external access. At the address timing
(T1 state), these pins operate as AD8 to AD15 (22-bit address) output pins. At the data timing (T2, TW,
T3), they operate as the higher 8-bit 1/0 bus pins for 16-bit data. The output changes in
synchronization with the rising edge of the clock in each state within the bus cycle. When the timing
sets the bus cycle to inactive, these pins go into a high-impedance state.
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(7) P60 to P65 (Port 6) --- 3-state I/0O

(®)

86

P60 to P65 constitute a 6-bit I/0O port that can be set to input or output in 1-bit units.
P60 to P65 can also function as an address bus (A16 to A21) when memory is expanded externally. When the

port 6 is accessed in 8-bit units, the higher 2 bits of port 6 are ignored when they are written to and 00 is read
when they are read.

The 1/0O signal level uses the bus interface power supply pins BVop and BVss as reference.

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

(b) Alternate functions (External expansion function)
P60 to P65 can be set as A16 to A21 using the memory expansion mode register (MM).

(i) A16 to A21 (Address bus 16 to 21) --- output
These comprise an address bus that is used for external access. These pins operate as the higher 6-
bit address output pins within a 22-bit address. The output changes in synchronization with the rising
edge of the clock in the T1 state of the bus cycle. When the timing sets the bus cycle to inactive, the
previous bus cycle’s address is retained.

P70 to P77 (Port 7), P80 to P83 (Port 8) --- input

P70 to P77 constitute an 8-bit input-only port in which all the pins are fixed to input mode. P80 to P83 constitute
a 4-bit input-only port in which all the pins are fixed to input.

P70 to P77 and P80 to P83 can also function as analog input pins for the A/D converter.

(a) Port function
P70 to P77 and P80 to P83 are input-only pins.

(b) Alternate functions
P70 to P77 also function as ANIO to ANI7 and P80 to P83 also function as ANI8 to ANI11.

(i) ANIO to ANI11 (Analog input 0 to 11) .- input
These are analog input pins for the A/D converter.
Connect a capacitor between these pins and AVss to prevent noise-related operation faults. Also, do
not apply voltage that is outside the range for AVss and AVRrer to pins that are being used as inputs for
the A/D converter. If it is possible for noise above the AVRrer range or below the AVss to enter, clamp
these pins using a diode that has a small Vr value.
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(9) P90 to P96 (Port 9) --- 3-state I/O
P90 to P96 constitute a 7-bit I/0O port that can be set to input or output pins in 1-bit units.
P90 to P96 can also function as control signal output pins and bus hold control signal output pins when memory
is expanded externally.
During 8-bit access of port 9, the highest bit is ignored during a write operation and is read as a “0” during a read
operation.
The 1/O signal level uses the bus interface power supply pins BVop and BVss as a reference.

(a) Port function
P90 to P96 can be set to input or output in 1-bit units using the port 9 mode register (PM9).

(b) Alternate functions (External expansion function)
P90 to P96 can be set to operate as control signal outputs for external memory expansion using the
memory expansion mode register (MM).

(i) LBEN (Lower byte enable) --- output
This is a lower byte enable signal output pin for the external 16-bit data bus. During byte access of
odd-numbered addresses, these pins are set as inactive (high level). The output changes in
synchronization with the rising edge of the clock in the T1 state of the bus cycle. When the timing sets
the bus cycle as inactive, the previous bus cycle’s address is retained.

(i) UBEN (Upper byte enable) --- output
This is an upper byte enable signal output pin for the external 16-bit data bus. During byte access of
even-numbered addresses, these pins are set as inactive (high level). The output changes in
synchronization with the rising edge of the clock in the T1 state of the bus cycle. When the timing sets
the bus cycle as inactive, the previous bus cycle’s address is retained.

Access UBEN LBEN ADO
Word access 0 0 0
Halfword access 0 0 0
Byte access Even-numbered address 1 0 0

Odd-numbered address 0 1 1

(iii) R/W (Read/write status) --- output
This is an output pin for the status signal pin that indicates whether the bus cycle is a read cycle or
write cycle during external access. High level is set during a read cycle and low level is set during a
write cycle. The output changes in synchronization with the rising edge of the clock in the T1 state of
the bus cycle. High level is set when the timing sets the bus cycle as inactive.

(iv) DSTB (Data strobe) --- output
This is an output pin for the external data bus’s access strobe signal. Output becomes active (low
level) during the T2 and TW states of the bus cycle. Output becomes inactive (high level) when the
timing sets the bus cycle as inactive.
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(v) ASTB (Address strobe) --- output
This is an output pin for the external address bus’s latch strobe signal. Output becomes active (low
level) in synchronization with the falling edge of the clock during the T1 state of the bus cycle, and
becomes inactive (high level) in synchronization with the falling edge of the clock during the T3 state of
the bus cycle. Output becomes inactive when the timing sets the bus cycle as inactive.

(vi) HLDAK (Hold acknowledge) - output
This is an output pin for the acknowledge signal that indicates high impedance status for the address
bus, data bus, and control bus when the V850/SB1 and V850/SB2 receive a bus hold request.
The address bus, data bus, and control bus are set to high impedance status when this signal is active.

(vii) HLDRQ (Hold request) --- input
This is an input pin by which an external device requests the V850/SB1 and V850/SB2 to release the
address bus, data bus, and control bus. This pin accepts asynchronous input for CLKOUT. When this
pin is active, the address bus, data bus, and control bus are set to high impedance status. This occurs
either when the V850/SB1 and V850/SB2 complete execution of the current bus cycle or immediately if
no bus cycle is being executed, then the HLDAK signal is set as active and the bus is released.

(viii) WRL (Write strobe low level data) --- output
This is a write strobe signal output pin for the lower data in the external 16-bit data bus. Output occurs
during the write cycle, similar to DSTB.

(ix) WRH (Write strobe high level data) --- output
This is a write strobe signal output pin for the higher data in the external 16-bit data bus. Output occurs
during the write cycle, similar to DSTB.

(x) RD (Read strobe) --- output

This is a read strobe signal output pin for the external 16-bit data bus. Output occurs during the read
cycle, similar to DSTB.
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(10) P100 to P107 (Port 10) -.- 3-state I/0
P100 to P107 constitute an 8-bit I/O port that can be set to input or output in 1-bit units.
P100 to P107 can also function as a real-time output port, an address bus (A5 to A12) when memory is
expanded externally, key return input, and IEBus data 1/0 (V850/SB2 only).
P100 to P107 can be selected as normal output or N-ch open-drain output.

(a) Port function
P100 to P107 can be set to input or output in 1-bit units using the port 10 mode register (PM10).

(b) Alternate functions

U

(i)

(iif)

(iv)

W)

RTPO to RTP7 (Real-time output port 0 to 7) --- output
These pins comprise a real-time output port.

A5 to A12 (Address bus 5 to 12) --- output

These comprise the address bus that is used for external access. These pins operate as the A5 to A12
bit address output pins within a 22-bit address. The output changes in synchronization with the rising
edge of the clock in the T1 state of the bus cycle. When the timing sets the bus cycle as inactive, the
previous bus cycle’s address is retained.

KRO to KR7 (Key return 0 to 7) ... input
These are key return input pins. Their operations are specified by the key return mode register (KRM).

IERX (IEBus receive data) ... input
This is an IEBus data input signal. This pin is only available in the V850/SB2.

IETX (IEBus transmit data) ... output
This is an IEBus data output signal. This pin is only available in the V850/SB2.
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(11) P110 to P113 (Port 11) --- 3-state I/O

(12)

(13)

(14)

(15)

(16)

(17)

90

P110 to P113 constitute a 4-bit I/O port that can be set to input or output in 1-bit units.
P110 to P113 can also function as an address bus (A1 to A4) when memory is expanded externally, signal

(WAIT) that inserts waits into the bus cycle and a control.

(a) Port function
P110 to P113 can be set to input or output in 1-bit units using the port 11 mode register (PM11).

(b) Alternate functions

(i) A1 to A4 (Address bus 1 to 4) --- output
These comprise the address bus that is used for external access. These pins operate as the lower 4-
bit address output pins within a 22-bit address. The output changes in synchronization with the rising
edge of the clock in the T1 state of the bus cycle. When the timing sets the bus cycle as inactive, the
previous bus cycle’s address is retained.

(ii) WAIT (Wait) --- input
This is an input pin for the control signal used to insert waits into the bus cycle. This pin is sampled at
the falling edge of the clock during the T2 or TW state of the bus cycle.
ON/OFF switching of the wait function is performed by the port alternate function control register (PAC).

Caution Because the supply voltage to the I/O buffer of the WAIT pin is EVop, if the voltage of
EVop and that of BVoo differ, use EVop as the voltage of the external wait signal,
instead of BVop.

RESET (Reset) --- input

The RESET pin is an asynchronous input and inputs a signal that has a constant low level width regardless of
the status of the operating clock. When this signal is input, a system reset is executed as the first priority ahead
of all other operations.

In addition to being used for ordinary initialization/start operations, this pin can also be used to release a
standby mode (HALT, IDLE, or STOP mode).

REGC (Regulator control) ... input
This pin is used to connect the capacitor for the regulator.

CLKOUT (Clock out) ... output
This pin outputs the bus clock generated internally.

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

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

AVop (Analog Vob)
This is the analog positive power supply pin for the A/D converter or alternate-function port.
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(18) AVss (Analog Vss)
This is the ground pin for the A/D converter or alternate-function port.

(19) AVrer (Analog reference voltage) ... input
This is the reference voltage supply pin for the A/D converter.

(20) BVop (Power supply for bus interface)
This is the positive power supply pin for the bus interface and its alternate-function ports.

(21) BVss (Ground for bus interface)
This is the ground pin for the bus interface and its alternate-function ports.

(22) EVoo (Power supply for port)
This is the positive power supply pin for I/O ports and alternate-function pins (except for the alternate-function
ports of the bus interface).

(23) EVss (Ground for port)
This is the ground pin for I/O ports and alternate-function pins (except for the alternate-function ports of the bus
interface).

(24) Voo (Power supply)
This is the positive power supply pin. All Vop pins should be connected to a positive power supply.

(25) Vss (Ground)
This is the ground pin. All Vss pins should be grounded.

(26) Vep (Programming power supply)
This is the positive power supply pin used for flash memory programming mode.

This pin is used in the flash memory versions. In normal operation mode, connect directly to Vss.

(27) IC (Internally connected)
This is an internally connected pin used in the mask ROM versions. Be sure to connect directly to Vss.
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2.4 Pin I/O Circuit Types, I/O Buffer Power Supplies and Connection of Unused Pins

(1/2)
Pin Alternate Function I/0 1/0 Circuit Type Recommended Connection Method
Buffer
Power
Supply
P00 NMI EVoo 8-A Input:  Independently connect to EVob or EVss via a resistor
P01 to P04 INTPO to INTP3 Output: Leave open
P05 INTP4/ADTRG
P06 INTP5/RTPTRG
P07 INTP6
P10 SI0/SDAO EVoo 10-A
P11 SO0 26
P12 SCK0/SCLO 10-A
P13 SI1/RXDO 8-A
P14 SO1/TXDO0 26
P15 SCK1/ASCKO 10-A
P20 SI2/SDA1 EVoo 10-A
P21 SO2 26
P22 SCK2/SCL1 10-A
P23 SI3/RXD1 8-A
P24 SO3/TXD1 26
P25 SCK3/ASCK1 10-A
P26, P27 TI2/TO2, TI3/TO3 8-A
P30, P31 TIOO, TIO1 EVoo 8-A
P32 TI10/S14
P33 TI11/SO4 10-A
P34 TOO0/A13/SCK4
P35 TO1/A14 5-A
P36 TI4/TO4/A15 8-A
P37 TI5/TO5
P40 to P47 | ADO to AD7 BVop 5 Input:  Independently connect to BVoo or BVss via a resistor
P50 to P57 | AD8 to AD15 Output: Leave open
P60 to P65 | A16 to A21
P70 to P77 | ANIO to ANI7 AVop 9 Independently connect to AVob or AVss via a resistor
P80 to P83 | ANI8 to ANI11
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(2/2)
Pin Alternate Function I/0 I/0 Circuit Type Recommended Connection Method
Buffer
Power
Supply
P90 LBEN/WRL BVoo 5 Input:  Independently connect to EVob or EVss via a resistor
P91 UBEN Output: Leave open
P92 R/W/WRH
P93 DSTB/RD
P94 ASTB
P95 HLDAK
P96 HLDRQ
P100to P103| RTPO/A5/KRO to EVop 10-A Input:  Independently connect to EVob or EVss via a resistor
RTP3/AB/KR3 Output: Leave open
P104 RTP4/A9/KR4/IERX
P105 RTP5/A10/KR5/IETX
P106,P107 | RTP6/A11/KR6,
RTP7/A12/KR7
P110 A1/WAIT EVoo 5-A
P111to P113| A2to A4
AVRer - - - Connect to AVss via a resistor
CLKOUT - BVoo 4 Leave open
RESET - EVoo 2
X1 - - -
X2 - - -
XT1 - - 16 Connect to Vss via a resistor
XT2 - - 16 Leave open
Vep''e! - - - Connect to Vss
ICMe? - - - Connect directly to Vss
Vss — — _
AVop - - -
AVss - - -
BVoo - - -
BVss - - -
EVoo - - -
EVss - - -
Notes 1. Flash memory versions only

2. Mask ROM versions only
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2.5 Pin I/O Circuits

o1

(1/2)
Type 2 Type 5-A
}’ Vbp
IN
Pullup >o I |_> P-ch
enable
Data [ >—| fPch
IN/OUT
Schmitt-triggered input with hysteresis characteristics
Output N-ch
disable

Type 4
VDD
Data——o:Do_l poch
ouT
Output
'—
disable

Push-pull output that can be set for high impedance output
(both P-ch and N-ch off).

Type 8-

A

Pullup D
° | P-ch

enable

Output disablvg_‘

Data—4
—OIN/OUT

VDD

Type 5

Data—‘

oIN/OUT

Output 4—N-ch

disable

Input enable

Type 9

J T
"7

R

Vrer (threshold voltage)

+ Comparator

Input enable
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(2/2)
Type 10-A Type 26
Voo Voo
Pullup | Pullup |
«I >0
enable | P-ch enable | P-ch
Voo Voo
Data
:DO'—I P-ch Data P-ch
—OIN/OUT p—OIN/OUT
Open drain Open drain
Output disable —N<h Output disable N-ch
Type 16
Feedback cut-off
P-ch
XT1 XT2
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The CPU of the V850/SB1 and V850/SB2 is based on RISC architecture and executes most instructions in one
clock cycle by using a 5-stage pipeline.

3.1 Features

* e Minimum instruction execution time V850/SB1 (A version, B version): 50 ns (@20 MHz internal operation)
V850/SB2 (A version, B version): 79 ns (@ 12.58 MHz internal operation)
V850/SB2 (H version): 53 ns (@18.87 MHz internal operation)
e Address space: 16 MB linear
e Thirty-two 32-bit general-purpose registers
e Internal 32-bit architecture
o Five-stage pipeline control
e Multiplication/division instructions
e Saturated operation instructions
¢ One-clock 32-bit shift instruction
e Load/store instruction with long/short format
e Four types of bit manipulation instructions
e SET1
e CLR1
* NOT1
e TST1
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3.2 CPU Register Set

The CPU registers of the V850/SB1 and V850/SB2 can be classified into two categories: a general-purpose
program register set and a dedicated system register set. All the registers are 32 bits wide. For details, refer to V850
Series Architecture User’s Manual

Figure 3-1. CPU Register Set

Program register set System register set

31 0 31 0
r0 Zero Register EIPC Exception/Interrupt PC

1 Reserved for Address Register EIPSW Exception/Interrupt PSW
r2
r3 Stack Pointer (SP) 31 0
r4 Global Pointer (GP) FEPC Fatal Error PC

r5 Text Pointer (TP) FEPSW Fatal Error PSW
ré

r7 31 0
r8 | ECR Exception Cause Register |

r9

r10 31 0
ri1 | PSW Program Status Word |

r12

r13

r14

r15

r16

r17

r18

r19

r20

r21

r22

r23

r24

r25

r26

r27

r28

r29

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

31 0
PC Program Counter
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3.2.1 Program register set
The program register set includes general-purpose registers and a program counter.

(1) General-purpose registers
Thirty-two general-purpose registers, r0 to r31, are available. Any 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.
Also, r1, r3, r4, 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. The contents 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
r1 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)
r3 Stack pointer Used to generate stack frame when function is called
r4 Global pointer Used to access global variable in data area
r5 Text pointer Register to indicate the start of the text area"™

ré to r29 Address/data variable registers

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

Note  Area in which program code is mapped.

(2) Program counter (PC)
This register holds the address of the instruction under execution. The lower 24 bits of this register are valid, and
bits 31 to 24 are fixed to 0. If a carry occurs from bit 23 to 24, it is ignored.
Bit O is fixed to 0, and branching to an odd address cannot be performed.

After reset: 00000000H
Symbol 31 24 23 1 0

PC Fixed to 0 Instruction address under execution 0

98 User's Manual U13850EJ6VOUD



CHAPTER 3 CPU FUNCTIONS

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

Table 3-2. System Register Numbers

No. System Register Name Usage Operation

0 EIPC Interrupt status saving registers These registers save the PC and PSW when an

1 EIPSW exception or interrupt occurs. Because only one set of
these registers is available, their contents must be
saved when multiple interrupts are enabled.

2 FEPC NMI status saving registers These registers save PC and PSW when NMI occurs.

3 FEPSW

4 ECR Interrupt source register If exception, maskable interrupt, or NMI occurs, this
register will contain information referencing the
interrupt source. The higher 16 bits of this register are
called FECC, to which exception code of NMl is set.
The lower 16 bits are called EICC, to which exception
code of exception/interrupt is set.

5 PSW Program status word A program status word is a collection of flags that
indicate program status (instruction execution result)
and CPU status.

6 to 31 Reserved

To read/write these system registers, specify a system register number indicated by the system register load/store
instruction (LDSR or STSR instruction).

(1) Interrupt source register (ECR)

After reset: 00000000H

Symbol
ECR

31 16 15 0
FECC EICC
FECC Exception code of NMI (For exception code, refer to Table 5-1.)
EICC Exception code of exception/interrupt

User's Manual U13850EJ6VOUD 99




CHAPTER 3 CPU FUNCTIONS

* (2) Program status word (PSW)

100

After reset: 00000020H

PSW

(1/2)

31 8 7 6 5 4 3 2 1 0
RFU NP | EP | ID |SAT|CY |OV| S | Z
RFU Reserved field (fixed to 0).
NP Non-maskable interrupt (NMI) servicing status
0 NMI servicing not under execution.
1 NMI servicing under execution.
This flag is set (1) when an NMI is acknowledged, and disables multiple
interrupts. For details, refer to 5.2.3 NP flag.
EP Exception processing status
0 Exception processing not under execution.
1 Exception processing under execution.
This flag is set (1) when an exception is generated. Interrupt requests can be
acknowledged when this bit is set. For details, refer to 5.4.3 EP flag.
ID Maskable interrupt servicing specification
0 Maskable interrupt acknowledgment enabled (El).
1 Maskable interrupt acknowledgment disabled (DI).
This flag is set (1) when a maskable interrupt request is acknowledged. For
details, refer to 5.3.6 ID flag.
SAT"Y™ Saturation detection of operation result of saturation operation instruction
0 Not saturated.
This flag is not cleared (0) if the result of saturated operation instruction execution
is not saturated while this flag is set (1). To clear (0) this flag, write the PSW
directly.
1 Saturated.
CcY Detection of carry or borrow of operation result
0 Carry or borrow has not occurred.
1 Carry or borrow occurred.
ov'ee Detection of overflow during operation
0 Overflow has not occurred.

Overflow occurred.
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(2/2)
S Detection of operation result positive/negative
0 The operation result was positive or 0.
1 The operation result was negative.
Z Detection of operation result zero
0 The operation result was not 0.
1 The operation result was 0.

Note The result of a saturation-processed operation is determined by the contents of the OV and S bits in the

saturation operation. Simply setting (1) the OV bit will set (1) the SAT bit in a saturation operation.

Status of operation result Flag status Saturation-processed
SAT ov operation result
Maximum positive value exceeded 1 1 7FFFFFFFH
Maximum negative value exceeded 1 1 80000000H
Positive (not exceeding the maximum) | Retains 0 Operation result itself
Negative (not exceeding the maximum) the value
before
operation
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3.3 Operation Modes

The V850/SB1 and V850/SB2 have the following operation modes.

(1) Normal operation mode (single-chip mode)
After the system has been released from the reset status, the pins related to the bus interface are set for port
mode, execution branches to the reset entry address of the internal ROM, and instruction processing written in
the internal ROM is started. However, external expansion mode that connects external device to external
memory area is enabled by setting in the memory expansion mode register (MM) by instruction.

(2) Flash memory programming mode
This mode is provided only in the flash memory versions. The internal flash memory is programmable or erasable

when the Vpp voltage is applied to the Vpp pin.

Vep Operation Mode
0 Normal operation mode
7.8V Flash memory programming mode
Vop Setting prohibited
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3.4 Address Space

3.4.1 CPU address space

The CPUs of the V850/SB1 and V850/SB2 are of 32-bit architecture and support up to 4 GB of linear address
space (data space) during operand addressing (data access). When referencing instruction addresses, linear address
space (program space) of up to 16 MB is supported.

The CPU address space is shown below.

Figure 3-2. CPU Address Space

CPU address space

FFFFFFFFH e
Data area
(4 GB linear)
01000000H .
O0FFFFFFH
Program area
(16 MB linear)
00000000H I A
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3.4.2 Image

The core CPU supports 4 GB of “virtual” addressing space, or 256 memory blocks, each containing 16 MB memory
locations. In actuality, the same 16 MB block is accessed regardless of the values of bits 31 to 24 of the CPU
address. The image of the virtual addressing space is shown below.

Because the higher 8 bits of a 32-bit CPU address are ignored and the CPU address is only seen as a 24-bit
external physical address, the physical location xx000000H is equally referenced by multiple address values
00000000H, 01000000H, 02000000H, ... FEOO0000H, FFOO0000H.

Figure 3-3. Image on Address Space

CPU address space

FFFFFFFFH N
Image

FF000000H \\\

FEFFFFFFH \\: \\\\
Image

\\\\\ Physical address space

FE000000H \ L —— xxFFFFFFH
FDFFFFFFH On-chip peripheral I/0
: D Internal RAM
Image \\/\ /
~ ~ ’ > N (Access prohibited)
02000000H e N
O1FFFFFFH Internal ROM xx000000H
Image K
01000000H
00FFFFFFH p
Image ,
00000000H /
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3.4.3 Wrap-around of CPU address space

(1) Program space

Of the 32 bits of the PC (program counter), the higher 8 bits are fixed to 0, and only the lower 24 bits are valid.
Even if a carry or borrow occurs from bit 23 to 24 as a result of branch address calculation, the higher 8 bits

ignore the carry or borrow and remain 0.
Therefore, the lower-limit address of the program space, address 00000000H, and the upper-limit address
OOFFFFFFH are contiguous addresses, and the program space is wrapped around at the boundary of these

addresses.

Caution No instruction can be fetched from the 4 KB area of 00FFFO00OH to 00FFFFFFH because this

area is defined as peripheral /O area.

Therefore, do not execute any branch operation

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

OOFFFFFEH
00FFFFFFH
00000000H

00000001H

(2) Data space

The result of operand address calculation that exceeds 32 bits is ignored.

Figure 3-4. Program Space

Program space

Program space

(+) direction

(-) direction

Therefore, the lower-limit address of the program 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.

FFFFFFFEH
FFFFFFFFH
00000000H

00000001H

Figure 3-5. Data Space

Data space

Data space

(+) direction
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3.4.4 Memory map

The V850/SB1 and V850/SB2 reserve areas as shown below.

xxFFFFFFH

xxFFFOOOH
xxFFEFFFH

xxFF8000H
xxFF7FFFH

xx100000H

Figure 3-6. Memory Map

Single-chip mode

Single-chip mode

(external expansion mode)

On-chip peripheral
I/O area

On-chip peripheral
I/O area

Internal RAM area

Internal RAM area

(Reserved)

External memory
area

xXOFFFFFH

xx000000H

106

On-chip flash memory/
ROM area

On-chip flash memory/
ROM area
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3.4.5 Area

(1) Internal ROM/flash memory area
An area of 1 MB maximum is reserved for the internal ROM/flash memory area.

(a) v850/SB1 (uPD703031A, 703031AY, 703031B, 703031BY)
V850/SB2 (uPD703034A, 703034AY, 703034B, 703034BY)
128 KB are available for the addresses xx000000H to xx01FFFFH.
Addresses xx020000H to xxOFFFFFH are an access-prohibited area

Figure 3-7. Internal ROM Area (128 KB)

xxOFFFFFH
—~ Access-prohibited ==
area
xx020000H
xx01FFFFH
Internal ROM
xx000000H

(b) Vv850/SB1
(uPD703033A, 703033AY, 70F3033A, 70F3033AY, 703033B, 703033BY, 70F3033B, 70F3033BY)
V850/SB2
(uPD703035A, 703035AY, 70F3035A, 70F3035AY, 703035B, 703035BY, 70F3035B, 70F3035BY)
256 KB are available for the addresses xx000000H to xxO3FFFFH.
Addresses xx040000H to xxOFFFFFH are an access-prohibited area

Figure 3-8. Internal ROM/Flash Memory Area (256 KB)

xxOFFFFFH
=~ Access-prohibited ==
area

xx040000H
xx03FFFFH

Internal ROM/

flash memory
xx000000H
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* (c) v850/SB1 (uPD703030B, 703030BY, 70F3030B, 70F3030BY)
V850/SB2 (uPD703036H, 703036HY, 70F3036H, 70F3036HY)
384 KB are available for the addresses xx000000H to xxO5FFFFH.
Addresses xx060000H to xxOFFFFFH are an access-prohibited area

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

xxOFFFFFH
=~ Access-prohibited =~
area

xx060000H
xx05FFFFH

Internal ROM/

flash memory
xx000000H

* (d) v850/SB1
(uPD703032A, 703032AY, 70F3032A, 70F3032AY, 703032B, 703032BY, 70F3032B, 70F3032BY)
VvV850/SB2
(uPD703037A, 703037AY, 70F3037A, 70F3037AY, 703037H, 703037HY, 70F3037H, 70F3037HY)
512 KB are available for the addresses xx000000H to xx07FFFFH.
Addresses xx080000H to xxOFFFFFH are an access-prohibited area

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

xXOFFFFFH
== Access-prohibited ==
area

xx080000H
xx07FFFFH

Internal ROM/

flash memory
xx000000H
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Interrupt/exception table

The V850/SB1 and V850/SB2 increase the interrupt response speed by assigning handler addresses

corresponding to interrupts/exceptions.

The collection of these handler addresses is called an interrupt/exception table, which is located in the internal
ROM area. When an interrupt/exception request is granted, execution jumps to the handler address, and the

program written at that memory address is executed.

corresponding addresses are shown below.

Table 3-3. Interrupt/Exception Table

The sources of interrupts/exceptions, and the

Start Address of Interrupt/Exception Source Start Address of Interrupt/Exception Source
Interrupt/Exception Table Interrupt/Exception Table
00000000H RESET 000001DOH INTTM6
00000010H NMI 000001EOH INTTM7
00000020H INTWDT 000001FOH INTIICO™/INTCSIO
00000040H TRAPONn (n=0to F) 00000200H INTSERO
00000050H TRAP1n (n=0to F) 00000210H INTSRO/INTCSIH
00000060H ILGOP 00000220H INTSTO
00000080H INTWDTM 00000230H INTCSI2
00000090H INTPO 00000240H INTIIC1"™
000000A0H INTP1 00000250H INTSER1
000000BOH INTP2 00000260H INTSR1/INTCSI3
000000COH INTP3 00000270H INTST1
000000DOH INTP4 00000280H INTCSI4
000000EOH INTP5 00000290H INTIE1 (V850/SB2 only)
000000FOH INTP6 000002A0H INTIE2 (V850/SB2 only)
00000140H INTWTNI 000002BOH INTAD
00000150H INTTMOO 000002COH INTDMAO
00000160H INTTMO1 000002D0OH INTDMA1
00000170H INTTM10 000002E0H INTDMA2
00000180H INTTM11 000002F0H INTDMA3
00000190H INTTM2 00000300H INTDMA4
000001AO0H INTTM3 00000310H INTDMAS
000001BOH INTTM4 00000320H INTWTN
000001COH INTTM5 00000330H INTKR

Note Available only in the Y versions (products with on-chip I°C).

User's Manual U13850EJ6VOUD

109



CHAPTER 3 CPU FUNCTIONS

(2) Internal RAM area
An area of 28 KB maximum is reserved for the internal RAM area.

* (a) v850/SB1 (uPD703031B, 703031BY), V850/SB2 (uPD703034B, 703034BY)
8 KB are available for the addresses xxFFDOOOH to xxFFEFFFH.
Addresses xxFF8000H to xxFFCFFFH are an access-prohibited area

Figure 3-11. Internal RAM Area (8 KB)

xxFFEFFFH
Internal RAM
xxFFDOOOH
xxFFCFFFH
Access-prohibited
area
xxFF8000H

* (b) v850/SB1 (uPD703031A, 703031AY), V850/SB2 (uPD703034A, 703034AY)
12 KB are available for the addresses xxFFCOOOH to xxFFEFFFH.
Addresses xxFF8000H to xxFFBFFFH are an access-prohibited area

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

xxFFEFFFH
Internal RAM
xxFFCO00H
xxFFBFFFH
Access-prohibited
area
xxFF8000H
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(c) v850/SB1
(uPD703033A, 703033AY, 70F3033A, 70F3033AY, 703033B, 703033BY, 70F3033B, 70F3033BY)
V850/SB2
(uPD703035A, 703035AY, 70F3035A, 70F3035AY, 703035B, 703035BY, 70F3035B, 70F3035BY)
16 KB are available for the addresses xxFFBOOOH to xxFFEFFFH.
Addresses xxFF8000H to xxFFAFFFH are an access-prohibited area

Figure 3-13. Internal RAM Area (16 KB)

xxFFEFFFH
Internal RAM
xxFFBOOOH
xxFFAFFFH
Access-prohibited
area
xxFF8000H

(d) v850/SB1
(uPD703030B, 703030BY, 70F3030B, 70F3030BY, 703032A, 703032AY, 70F3032A, 70F3032AY,
703032BY, 70F3032B, 70F3032BY)
V850/SB2
(uPD703036H, 703036HY, 70F3036H, 70F3036HY, 703037A, 703037AY, 70F3037A, 70F3037AY,
703037H, 703037HY, 70F3037H, 70F3037HY)
24 KB are available for the addresses xxFF9000H to xxFFEFFFH.
Addresses xxFF8000H to xxFF8FFFH are an access-prohibited area

Figure 3-14. Internal RAM Area (24 KB)

xxFFEFFFH

Internal RAM
xxFF9000H
xxFF8FFFH Access-prohibited
xxFF8000H area
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(3) On-chip peripheral I/O area

112

A 4 KB area of
and V850/SB2

addresses FFFOOOH to FFFFFFH is reserved as an on-chip peripheral I/O area. The V850/SB1
are provided with a 1 KB area of addresses FFFOOOH to FFF3FFH as a physical on-chip

peripheral I/O area, and its image can be seen on the rest of the area (FFF400H to FFFFFFH).

Peripheral 1/0O r
peripherals are

area.
Cautions 1.

2

3

4

5

. Addresses that are not defined as registers are reserved for future expansion.

egisters associated with the operation mode specification and the state monitoring for the on-chip
all memory-mapped to the on-chip peripheral 1/0 area. Program fetches are not allowed in this

Figure 3-15. On-Chip Peripheral I/O Area

xxFFFFFFH S

Image AN
xxFFFCOOH \
xxFFFBFFH NS

AU NN Physical on-chip
R REUON peripheral /0

Image ' > 3FFH
xxFFF800H N _
xxFFF7FFH ~ R Peripheral I/O

Image S 000H
xxFFF400H /: - ///
xxFFF3FFH K

Image ///
xxFFFO00H /

The least significant bit of an address is not decoded since all registers reside on an even
address. If an odd address (2n + 1) in the peripheral I/O area is referenced (accessed in
byte units), the register at the next lowest even address (2n) will be accessed.

. If a register 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 made, only
the data in the lower 8 bits is written to the register.

. If a register with n address that can be accessed only in halfword units is accessed in

word units, the operation is replaced with two halfword operations. The first operation
(lower 16 bits) accesses to the register with n address and the second operation (higher
16 bits) accesses to the register with n + 2 address.

. If a register with n address that can be accessed in word units is accessed with a word

operation, the operation is replaced with two halfword operations. The first operation
(lower 16 bits) accesses to the register with n address and the second operation (higher
16 bits) accesses to the register with n + 2 address.

If these
addresses are accessed, the operation is undefined and not guaranteed.
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(4) External memory

The V850/SB1 and V850/SB2 can use an area of up to 16 MB (xx100000H to xxFF7FFFH) for external memory

accesses (in single-chip mode: external expansion).

64 K, 256 K, 1 M, or 4 MB of physical external memory can be allocated when the external expansion mode is
specified. In the area of other than the physical external memory, the image of the physical external memory can

be seen.

The internal RAM area and on-chip peripheral I/0 area are not subject to external memory access.

Figure 3-16. External Memory Area (When Expanded to 64 K, 256 K, or 1 MB)

xxFFFFFFH On-chip peripheral /0
Internal RAM
xxFF7FFFH
Image
Image
Image
xx100000H
Internal ROM
xx000000H
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External memory
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00000H
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Figure 3-17. External Memory Area (When Expanded to 4 MB)

XxFFFFFFH On-chip peripheral /0
Internal RAM

xxFF7FFFH

Image
xxC00000H .
xxBFEFFFH ST Physical external memory

' 3FFFFFH
Image
) External memory
\(’
xx800000H : o
xx7FFFFFH
000000H

Image ' J
xx400000H ’
xx3FFFFFH

Image
xx100000H ‘
xxOFFFFFH

Internal ROM

xx000000H

3.4.6 External expansion mode

The V850/SB1 and V850/SB2 allow external devices to be connected to the external memory space by using the
pins of ports 4, 5, 6, and 9. To connect an external device, the port pins must be set in the external expansion mode
by using the memory expansion mode register (MM).

The address bus (A1 to A15) is set to multiplexed output with data bus (D1 to D15), though separate output is also
available by setting the memory address output mode register (MAM) (see the User's Manual of relevant in-circuit
emulator about debugging when using the separate bus).

Caution Because the A1 pin and WAIT pin are alternate-function pins, the wait function by the WAIT pin
cannot be used when using a separate bus (programmable wait can be used however).
Similarly, a separate bus cannot be used when the wait function by the WAIT pin is being used.

Because the V850/SB1 and V850/SB2 are fixed to single-chip mode in the normal operation mode, the port

alternate pins become the port mode, thereby the external memory cannot be used. When the external memory is
used (external expansion mode), specify the MM register by the program.
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(1) Memory expansion mode register (MM)
This register sets the mode of each pin of ports 4, 5, 6, and 9. In the external expansion mode, an external
device can be connected to the external memory area of up to 4 MB. However, the external device cannot be
connected to the internal RAM area, on-chip peripheral 1/O area, and internal ROM area in the single-chip mode
(and even if the external device is connected physically, it cannot be accessed).
The MM register can be read/written in 8-bit or 1-bit units. However, bits 4 to 7 are fixed to 0.

After reset: 00H R/W Address: FFFFF04CH
Symbol 7 6 5 4 <3> <2> <1> <0>
MM 0 0 0 0 MM3 MM2 MMA1 MMO
MM3 P95 and P96 operation modes
0 Port mode
1 External expansion mode (HLDAK: P95, HLDRQ: P96)
MM2 MMA1 MMO Address space Port 4 Port 5 Port 6 Port 9
0 0 0 - Port mode
0 1 1 64 KB ADO to ADS8 to LBEN,
expansion mode AD7 AD15 m,
1 0 0 256 KB A16, R/W, DSTB,
expansion mode A17 ASTB,
1 0 1 1 MB A18, WRL,
expansion mode A19 W—I, RD
1 1 X 4 MB A20,
expansion mode A21
Other than above RFU (reserved)

Caution Before switching to the external expansion mode, be sure to set P93 and P94 of Port 9 (P9)
to1.

Remark For the details of the operation of each port pin, refer to 2.3 Description of Pin Functions.
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(2) Memory address output mode register (MAM)
Sets the mode of ports 3, 10, and 11. Separate output can be set for the address bus (A1 to A15) in the external
expansion mode.
The MAM register can be written in 8-bit units. If read is performed, undefined values will be read. However, bits
3 to 7 are fixed to 0.

After reset: 00H W Address: FFFFF068H
Symbol 7 6 5 4 3 2 1 0
MAM 0 0 0 0 0 MAM2 MAM1 MAMO
MAM2 [ MAM1 | MAMO Address space Port 11 Port 10 Port 3
0 0 0 - Port mode
0 1 0 32 bytes A1l to A4
0 1 1 512 bytes A5 to
A8
1 0 0 8 KB A9 to
A12
1 0 1 16 KB A13
1 1 0 32 KB A14
1 1 1 64 KB A15

Caution Debugging the memory address output mode register (MAM) an in-circuit emulator is not
available. Also, setting the MAM register by software cannot switch to the separate bus.
For details, refer to the relevant User’s Manual of in-circuit emulator.

Remark For details of the operation of each port, see 2.3 Description of Pin Functions.

The separate path outputs are output from P34 to P36, P100 to P107, and P110 to P113. The procedure for
performing separate path output is shown below.

<1> Set the Pn bit of Port m (Pm) used for separate outputto 0 (m = 3, 10, 11).

<2> Set the PMn bit of the port m mode register (PMm) to 0 (output mode) (m = 3, 10, 11).

<3> When the port to be used for the separate path is used as an alternate-function pin for other than the
separate path, turn off the function used by the alternate-function pin.

<4> Set the memory address output mode register (MAM).

<5> Set the memory expansion mode register (MM).

Remark m=3: n=341036

m=10: n=100to 107
m=11: n=110to 113
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3.4.7 Recommended use of address space

The architectures of the V850/SB1 and V850/SB2 require that a register that serves as a pointer be secured for
address generation in operand data accessing for data space. The address in this pointer register +32 KB can be

accessed directly from instruction. However, general-purpose register used as a pointer register is limited. Therefore,

by minimizing the deterioration of address calculation performance when changing the pointer value, the number of

usable general-purpose registers for handling variables is maximized, and the program size can be saved because

instructions for calculating pointer addresses are not required.
To enhance the efficiency of using the pointer in connection with the memory maps of the V850/SB1 and

V850/SB2, the following points are recommended:

(1) Program space

Of the 32 bits of the PC (program counter), the higher 8 bits are fixed to 0, and only the lower 24 bits are valid.
Therefore, a continuous 16 MB space, starting from address 00000000H, unconditionally corresponds to the

memory map of the program space.

(2) Data space

For the efficient use of resources to be performed through the wrap-around feature of the data space, the
continuous 8 MB address spaces 00000000H to 007FFFFFH and FF800000H to FFFFFFFFH of the 4 GB CPU
are used as the data space. With the V850/SB1 or V850/SB2, 16 MB physical address space is seen as 256
images in the 4 GB CPU address space. The highest bit (bit 23) of this 24-bit address is assigned as address

sign-extended to 32 bits.

(a) Application of wrap-around

For example, when R = rQ (zero register) is specified for the LD/ST disp16 [R] instruction, an addressing

range of 00000000H +32 KB can be referenced with the sign-extended, 16-bit displacement value.

resources including on-chip hardware can be accessed with one pointer.
The zero register (r0) is a register set to 0 by the hardware, and eliminates the need for additional registers

for the pointer.

Figure 3-18. Application of Wrap-Around

0001FFFFH
00007FFFH

(R =) 00000000H
FFFFFOOOH

FFFF8000H
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Internal RAM area

28 KB

All
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16 MB

8 MB

Figure 3-19. Recommended Memory Map (Flash Memory Version)

Program space Data space
FFFFFFFFH -
On-chip
peripheral I/O
FFFFF400H
FFFFF3FFH
FFFFFOOOH
FFFFEFFFH
Internal
RAM
FFFF8000H
FFFF7FFFH
External
memory
FF800000H il
FF7FFFFFH e
01000000H .
O0FFFFFFH
On-chip
peripheral /0O
Note
00FFFOOOH
OOFFEFFFH
Internal
RAM
00FF8000H
00FF7FFFH
00800000H | | External
007FFFFFH memory
External
memory
00100000H e
000FFFFFH Internal Internal
00040000H ROM ROM
0003FFFFH R
00000000H

Note This area cannot be used as a program area.

Remarks 1.

The arrows indicate the recommended area.
2. This is a recommended memory map for V850/SB1 (uPD70F3033A, 70F3033AY, 70F3033B,

On-chip
peripheral I/O

Internal
RAM

Access-prohibited
area

External
memory

Internal
ROM

xxFFFFFFH

xxFFF400H
xxFFF3FFH
xxFFFOOOH
xxFFEFFFH

xxFFBOOOH
xxFFAFFFH
xxFF8000H
xxFF7FFFH

Xx800000H
xx7FFFFFH

xx100000H
xxOFFFFFH
xx040000H
xx03FFFFH

xx000000H

70F3033BY), V850/SB2 (uPD70F3035A, 70F3035AY, 70F3035B, 70F3035BY).
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3.4.8 Peripheral I/O registers

(1/7)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits |32 Bits
FFFFFOOOH Port 0 PO R/W \ \ 00H""*
FFFFFO02H | Port 1 P1 \
FFFFFO04H | Port 2 P2 \ \
FFFFFO06H | Port 3 P3 \ \
FFFFFOO8H | Port 4 P4 \ \
FFFFFOOAH Port 5 P5 \ \
FFFFFOOCH | Port6 P6 \ \
FFFFFOOEH Port 7 P7 R \ \ Undefined
FFFFFO10H Port 8 P8 \ \
FFFFFO12H Port 9 P9 R/W \ \ 00H""*
FFFFFO14H Port 10 P10 \ \
FFFFFO16H Port 11 P11 \ \
FFFFFO20H Port 0 mode register PMO \ \ FFH
FFFFF022H Port 1 mode register PM1 \ \ 3FH
FFFFF024H Port 2 mode register PM2 \ \ FFH
FFFFFO26H Port 3 mode register PM3 v \
FFFFFO28H | Port 4 mode register PM4 \ \
FFFFFO2AH | Port 5 mode register PM5 \ \
FFFFFO2CH | Port 6 mode register PM6 \ \ 3FH
FFFFFO32H | Port 9 mode register PM9 \ \ 7FH
FFFFF034H | Port 10 mode register PM10 \ \ FFH
FFFFFO36H | Port 11 mode register PM11 \ \ 1FH
FFFFFO40H | Port alternate function control register PAC \ \ 00H
FFFFFO4CH | Memory expansion mode register MM \ \
FFFFFO60H Data wait control register DWC V FFFFH
FFFFFO62H Bus cycle control register BCC V AAAAH
FFFFFO64H | System control register SYC \ \ 00H
FFFFFO68H Memory address output mode register MAM w \
FFFFFO70H | Power save control register PSC R/W \ \ COH
FFFFFO74H | Processor clock control register PCC \ \ 03H
FFFFFO78H System status register SYS v \ 00H
FFFFFO80H | Pull-up resistor option register O PUO \ \
FFFFFO82H | Pull-up resistor option register 1 PU1 \ \
FFFFFO84H | Pull-up resistor option register 2 PU2 \ \
FFFFFO86H | Pull-up resistor option register 3 PU3 \ \
FFFFF094H Pull-up resistor option register 10 PU10 \

Note Resetting initializes registers to input mode and the pin level is read.
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(2/7)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits |32 Bits

FFFFF096H Pull-up resistor option register 11 PU11 R/W \ \ 00H
FFFFFOA2H Port 1 function register PF1

FFFFFOA4H | Port 2 function register PF2 \ \

FFFFFOABH | Port 3 function register PF3 \ \

FFFFFOB4H | Port 10 function register PF10 \ \

FFFFFOCOH | Rising edge specification register 0 EGPO \ \

FFFFFOC2H | Falling edge specification register O EGNO v v

FFFFF100H | Interrupt control register WDTIC \ \ 47H
FFFFF102H | Interrupt control register PICO \ \

FFFFF104H | Interrupt control register PIC1 \ \

FFFFF106H | Interrupt control register PIC2 \ \

FFFFF108H | Interrupt control register PIC3 \ \

FFFFF10AH | Interrupt control register PIC4 \ \

FFFFF10CH | Interrupt control register PIC5 \ \

FFFFF10EH | Interrupt control register PIC6 \ \

FFFFF118H | Interrupt control register WTNIIC \ \

FFFFF11AH | Interrupt control register TMICO00 \ \

FFFFF11CH | Interrupt control register TMICO1 \ \

FFFFF11EH | Interrupt control register TMIC10 \ \

FFFFF120H | Interrupt control register TMIC11 \ \

FFFFF122H | Interrupt control register TMIC2 \ \

FFFFF124H | Interrupt control register TMIC3 \ \

FFFFF126H | Interrupt control register TMIC4 \ \

FFFFF128H | Interrupt control register TMIC5 \ \

FFFFF12AH | Interrupt control register TMIC6 \ \

FFFFF12CH | Interrupt control register TMIC7 \ \

FFFFF12EH | Interrupt control register CsiIco \ \

FFFFF130H | Interrupt control register SERICO \ \

FFFFF132H | Interrupt control register CSIC1 \ \

FFFFF134H | Interrupt control register STICO \ \

FFFFF136H | Interrupt control register Csic2 \ \

FFFFF138H | Interrupt control register***® lICIC1 J \/

FFFFF13AH | Interrupt control register SERIC1 \ \

FFFFF13CH | Interrupt control register CSIC3 \ \

FFFFF13EH | Interrupt control register STICA \ \

Note Auvailable only in the Y versions (products with on-chip I°C).
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(3/7)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits [16 Bits|32 Bits

FFFFF140H [ Interrupt control register CsIc4 \ \ 47H
FFFFF142H | Interrupt control register"™® IEBICH v
FFFFF144H | Interrupt control register"*® IEBIC2 \ \
FFFFF146H | Interrupt control register ADIC \ \
FFFFF148H | Interrupt control register DMAICO v v
FFFFF14AH | Interrupt control register DMAICH J v
FFFFF14CH | Interrupt control register DMAIC2 J v
FFFFF14EH | Interrupt control register DMAIC3 v N
FFFFF150H | Interrupt control register DMAIC4 \ \
FFFFF152H | Interrupt control register DMAIC5 J v
FFFFF154H | Interrupt control register WTNIC J v
FFFFF156H | Interrupt control register KRIC J v
FFFFF166H | In-service priority register ISPR R \ \ 00H
FFFFF170H | Command register PRCMD w J Undefined
FFFFF180H | DMA peripheral I/O address register O DIOAO R/W V
FFFFF182H DMA internal RAM address register 0 DRAO V
FFFFF184H | DMA byte count register O DBCO v
FFFFF186H [ DMA channel control register O DCHCO \ \ 00H
FFFFF190H [ DMA peripheral I/O address register 1 DIOA1 V Undefined
FFFFF192H DMA internal RAM address register 1 DRA1 N
FFFFF194H DMA byte count register 1 DBCH1 J
FFFFF196H [ DMA channel control register 1 DCHC1 \ \ 00H
FFFFF1AOH | DMA peripheral I/0O address register 2 DIOA2 V Undefined
FFFFF1A2H | DMA internal RAM address register 2 DRA2 3
FFFFF1A4H | DMA byte count register 2 DBC2 \
FFFFF1A6H | DMA channel control register 2 DCHC2 V V 00H
FFFFF1BOH | DMA peripheral I/O address register 3 DIOA3 V Undefined
FFFFF1B2H | DMA internal RAM address register 3 DRA3 V
FFFFF1B4H | DMA byte count register 3 DBC3 \
FFFFF1B6H | DMA channel control register 3 DCHC3 V V 00H
FFFFF1COH | DMA peripheral /0 address register 4 DIOA4 N Undefined
FFFFF1C2H | DMA internal RAM address register 4 DRA4 V
FFFFF1C4H | DMA byte count register 4 DBC4 \
FFFFF1C6H [ DMA channel control register 4 DCHC4 \ \ 00H
FFFFF1DOH | DMA peripheral I/O address register 5 DIOA5 v Undefined
FFFFF1D2H | DMA internal RAM address register 5 DRA5 V

Note Available only in the V850/SB2.
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(4/7)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits|32 Bits
FFFFF1D4H | DMA byte count register 5 DBC5 R/W \ Undefined
FFFFF1D6H | DMA channel control register 5 DCHC5 \ \ 00H
FFFFF200H 16-bit timer register 0 TMO R \ 0000H
FFFFF202H 16-bit capture/compare register 00 CROO Note v
FFFFF204H | 16-bit capture/compare register 01 CRoO1 Note \
FFFFF206H Prescaler mode register 00 PRMO00 R/W v O0H
FFFFF208H | 16-bit timer mode control register 0 TMCO \ \
FFFFF20AH | Capture/compare control register O CRCO v v
FFFFF20CH | Timer output control register 0 TOCO \ \
FFFFF20EH | Prescaler mode register 01 PRMO1 v
FFFFF210H 16-bit timer register 1 T™M1 R \ 0000H
FFFFF212H | 16-bit capture/compare register 10 CR10 Note \
FFFFF214H 16-bit capture/compare register 11 CR11 Note v
FFFFF216H Prescaler mode register 10 PRM10 R/W \ 00H
FFFFF218H | 16-bit timer mode control register 1 TMCH1 \ \
FFFFF21AH | Capture/compare control register 1 CRCA1 \ \
FFFFF21CH | Timer output control register 1 TOCH1 \ \
FFFFF21EH | Prescaler mode register 11 PRM11 \
FFFFF240H | 8-bit counter 2 T™M2 R \ 00H
FFFFF242H | 8-bit compare register 2 CR20 R/W \
FFFFF244H | Timer clock selection register 20 TCL20 \
FFFFF246H | 8-bit timer mode control register 2 TMC2 \ \ 04H
FFFFF24AH | 16-bit counter 23 (during cascade connection | TM23 R \ 0000H
only)
FFFFF24CH | 16-bit compare register 23 (during cascade CR23 R/W \
connection only)
FFFFF24EH | Timer clock selection register 21 TCL21 \ O00H
FFFFF250H 8-bit counter 3 T™M3 R \
FFFFF252H | 8-bit compare register 3 CR30 R/W \
FFFFF254H | Timer clock selection register 30 TCL30 \
FFFFF256H | 8-bit timer mode control register 3 TMC3 \ \ 04H
FFFFF25EH | Timer clock selection register 31 TCL31 \ 00H
FFFFF260H 8-bit counter 4 T™M4 R \
FFFFF262H | 8-bit compare register 4 CR40 R/W \
FFFFF264H | Timer clock selection register 40 TCL40 \
FFFFF266H | 8-bit timer mode control register 4 TMC4 \ \ 04H

Note In compare mode: R/W

In capture mode: R
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(5/7)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits [16 Bits|32 Bits
FFFFF26AH | 16-bit counter 45 (during cascade connection | TM45 R V 0000H
only)
FFFFF26CH | 16-bit compare register 45 (during cascade CR45 R/W V
connection only)
FFFFF26EH | Timer clock selection register 41 TCL41 V 00H
FFFFF270H [ 8-bit counter 5 TM5 R V
FFFFF272H | 8-bit compare register 5 CR50 R/W V
FFFFF274H | Timer clock selection register 50 TCL50 V
FFFFF276H | 8-bit timer mode control register 5 TMC5 V V 04H
FFFFF27EH | Timer clock selection register 51 TCL51 V 00H
FFFFF280H | 8-bit counter 6 T™M6 R V
FFFFF282H | 8-bit compare register 6 CR60 R/W V
FFFFF284H | Timer clock selection register 60 TCL60 V
FFFFF286H | 8-bit timer mode control register 6 TMC6 V V 04H
FFFFF28AH | 16-bit counter 67 (during cascade connection | TM67 R V 0000H
only)
FFFFF28CH | 16-bit compare register 67 (during cascade CRe67 R/W v
connection only)
FFFFF28EH | Timer clock selection register 61 TCL61 V 00H
FFFFF290H [ 8-bit counter 7 T™7 R V
FFFFF292H | 8-bit compare register 7 CR70 R/W V
FFFFF294H | Timer clock selection register 70 TCL70 V
FFFFF296H | 8-bit timer mode control register 7 TMC7 V V 04H
FFFFF29EH | Timer clock selection register 71 TCL71 V 00H
FFFFF2A0H | Serial I/O shift register O SI100 V
FFFFF2A2H | Serial operation mode register 0 CSIMO V V
FFFFF2A4H | Serial clock selection register O CSIS0 V
FFFFF2BOH | Serial I/O shift register 1 SIO1 V
FFFFF2B2H | Serial operation mode register 1 CSIM1 V V
FFFFF2B4H | Serial clock selection register 1 CSIS1 V
FFFFF2COH | Serial I/O shift register 2 SI102 V
FFFFF2C2H | Serial operation mode register 2 CSIM2 V V
FFFFF2C4H | Serial clock selection register 2 CSIS2 V
FFFFF2DOH | Serial I/O shift register 3 SI03 V
FFFFF2D2H | Serial operation mode register 3 CSIM3 V V
FFFFF2D4H | Serial clock selection register 3 CSIS3 V V
FFFFF2EOH | Variable-length serial I/O shift register 4 SI04 V 0000H
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(6/7)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits |32 Bits
FFFFF2E2H | Variable-length serial control register 4 CSIM4 R/W \ \ 00H
FFFFF2E4H | Variable-length serial setting register 4 CsiB4 \ \
FFFFF2E6H | Baud rate generator source clock selection BRGCN4 \
register 4
FFFFF2E8H | Baud rate generator output clock selection BRGCK4 \ 7FH
register 4
FFFFF300H | Asynchronous serial interface mode register 0 | ASIMO v \ 00H
FFFFF302H | Asynchronous serial interface status register 0 | ASISO R \ \
FFFFF304H Baud rate generator control register 0 BRGCO R/W \
FFFFF306H | Transmission shift register O TXS0 w \ FFH
FFFFF308H Reception buffer register 0 RXBO R \
FFFFF30EH | Baud rate generator mode control register 00 | BRGMCO00[ R/W v 00H
FFFFF310H | Asynchronous serial interface mode register 1 | ASIM1 \ \
FFFFF312H | Asynchronous serial interface status register 1 | ASIS1 R \ \
FFFFF314H Baud rate generator control register 1 BRGC1 R/W \
FFFFF316H | Transmission shift register 1 TXS1 W \ FFH
FFFFF318H Reception buffer register 1 RXB1 R \
FFFFF31EH | Baud rate generator mode control register 10 | BRGMC10| R/W \ 00H
FFFFF320H Baud rate generator mode control register 01 | BRGMCO01 \
FFFFF322H Baud rate generator mode control register 11 | BRGMC11 \
FFFFF33CH | IIC flag register 0"’ IICFO N N
FFFFF33EH | IIC flag register 1"*°" IICF1 J J
FFFFF340H | IIC control register 0"**** lICCo J \/
FFFFF342H | IIC state register 0"°* 1ICS0 R J J
FFFFF344H | IIC clock selection register 0"°* IICCLO R/W J J
FFFFF346H | Slave address register 0""°* SVAO N
FFFFF348H | IIC shift register 0"*°* 1ICo J
FFFFF34AH | IIC function expansion register 0" 1ICX0 J \/
FFFFF34CH | IIC clock expansion register 0"*** IICCEO J
FFFFF350H | IIC control register 1"°* lIcC1 J J
FFFFF352H | IIC state register 1""°* 1ICSH R N N
FFFFF354H | IIC clock selection register 1"°* lICCL1 R/W J J
FFFFF356H | Slave address register 1"°* SVA1 J
FFFFF358H IIC shift register 1"*** 1IC1 \
FFFFF35AH | 1IC function expansion register 1"*°* IICXA1 J J
FFFFF35CH | IIC clock expansion register 1"*°* IICCE1 J
FFFFF360H Watch timer mode register WTNM v \
FFFFF364H | Watch timer clock selection register WTNCS \

Notes 1. Available only in the BY and HY versions (products with on-chip I°C).

2. Available only in the Y versions (products with on-chip I°C).
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(7/7)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits|32 Bits

FFFFF366H | Watch timer high-speed clock selection WTNHC R/W V O00H

register™’
FFFFF36CH | Correction control register CORCN V V
FFFFF36EH | Correction request register CORRQ V V
FFFFF370H | Correction address register O CORADO \ 00000000H
FFFFF374H | Correction address register 1 CORAD1 v
FFFFF378H | Correction address register 2 CORAD2 \
FFFFF37CH | Correction address register 3 CORAD3 \
FFFFF380H Oscillation stable time selection register OSTS V 04H
FFFFF382H | Watchdog timer clock selection register WDCS V 00H
FFFFF384H | Watchdog timer mode register WDTM V V
FFFFF38EH | DMA start factor expansion register DMAS V V
FFFFF3AOH | Real-time output buffer register L RTBL V
FFFFF3A2H | Real-time output buffer register H RTBH V
FFFFF3A4H | Real-time output port mode register RTPM 3 3
FFFFF3A6H | Real-time output port control register RTPC 3 3
FFFFF3COH | A/D converter mode register 1 ADM!1 V V
FFFFF3C2H | Analog input channel specification register ADS V V
FFFFF3C4H | A/D conversion result register ADCR R V 0000H
FFFFF3C6H | A/D conversion result register H (higher 8 bits) | ADCRH V O00H
FFFFF3C8H | A/D converter mode register 2 ADM2 R/W V V
FFFFF3DOH | Key return mode register KRM V V
FFFFF3D4H | Noise elimination control register NCC V
FFFFF3DEH | IEBus high-speed clock selection | V850/SB2 | IEHCLK"** V

register
FFFFF3EOH [ IEBus control register V850/SB2 | BCR V V
FFFFF3E2H | IEBus unit address register V850/SB2 | UAR V 0000H
FFFFF3E4H | IEBus slave address register V850/SB2 | SAR V
FFFFF3E6H | IEBus partner address register V850/SB2 | PAR R V
FFFFF3E8H | IEBus control data register V850/SB2 | CDR R/W V 01H
FFFFF3EAH | IEBus telegraph length register V850/SB2 | DLR V
FFFFF3ECH | IEBus data register V850/SB2 | DR V 00H
FFFFF3EEH | IEBus unit status register V850/SB2 | USR R V V
FFFFF3FOH | IEBus interrupt status register V850/SB2 | ISR R/W V V
FFFFF3F2H | IEBus slave status register V850/SB2 | SSR R V V 41H
FFFFF3F4H [ IEBus communication success V850/SB2 | SCR V 01H

counter
FFFFF3F6H | IEBus transfer counter V850/SB2 | CCR V 20H
FFFFF3F8H | IEBus clock selection register V850/SB2 | IECLK R/W V 00H

Notes 1. Available only in the B versions of the V850/SB1 and H versions of the V850/SB2.
2. Available only in the H versions of the V850/SB2.
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3.4.9 Specific registers

Specific registers are registers that are protected from being written with illegal data due to erroneous program
execution, etc. The write access of these specific registers is executed in a specific sequence, and if abnormal store
operations occur, it is notified by the system status register (SYS). The V850/SB1 and V850/SB2 have two specific
registers, the power save control register (PSC) and processor clock control register (PCC). For details of the PSC
register, refer to 6.3.1 (2) Power save control register (PSC), and for details of the PCC register, refer to 6.3.1 (1)
Processor clock control register (PCC).

The following sequence shows the data setting of the specific registers.

<1>
<2>
<3>

<4>

<5>
<6>

<7>

Disable DMA operation.

Set the PSW NP bit to 1 (interrupt disabled).

Write any 8-bit data in the command register (PRCMD).

Write the set data in the specific registers (by the following instructions).
e Store instruction (ST/SST instruction)

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

Return the PSW NP bit to 0 (interrupt disable canceled).

Insert the NOP instructions (5 instructions).

If necessary, enable DMA operation.

No special sequence is required when reading the specific registers.

Cautions 1. If an interrupt request or a DMA request is accepted between the time PRCMD is generated
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(<3>) and the specific register write operation (<4>) that follows immediately after, the write
operation to the specific register is not performed and a protection error (PRERR bit of SYS
register is 1) may occur. Therefore, set the NP bit of PSW to 1 (<2>) to disable the acceptance
of INT/NMI or to disable DMA transfer.

The above also applies when a bit manipulation instruction is used to set a specific register.

A description example is given below.

[Description example]: In case of PCC register

LDSR rX.5 ; NP bit =1
ST.B r0, PRCMD[rO0] ; Write to PRCMD
ST.B rD, PCC[rO0] ; PCC register setting

LDSR rY, 5 ; NP bit = 0

Remark The above example assumes that rD (PCC set value), rX (value to be written to PSW), and
rY (value rewritten to PSW) are already set.

When saving the value of the PSW, the value of the PSW prior to setting the NP bit must be
transferred to the rY register.

. Always stop DMA prior to accessing specific registers.
. If data is set to the PSC register to set IDLE mode or STOP mode, a dummy instruction needs

to be inserted for correct execution of the routine after IDLE or STOP mode is released. For
details, refer to 6.6 Cautions on Power Save Function.
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(1) Command register (PRCMD)
The command register (PRCMD) is a register used when write-accessing the specific register to prevent incorrect
writing to the specific registers due to the erroneous program execution.
This register can be written in 8-bit units. It becomes undefined values in a read cycle.
Occurrence of illegal store operations can be checked by the PRERR bit of the SYS register.

After reset: Undefined w Address: FFFFF170H
Symbol 7 6 5 4 3 2 1 0
PRCMD REG7 REG6 REG5 REG4 REG3 REG2 REGH1 REGO
REGn Registration code
0N Any 8-bit data

Remark n=0to7

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

After reset: 00H R/W Address: FFFFF078H
Symbol 7 6 5 <4> 3 2 1 0
SYS 0 0 0 PRERR 0 0 0 0
PRERR Detection of protection error
0 Protection error does not occur
1 Protection error occurs

Operation conditions of PRERR flag are shown as follows.

(a) Set conditions (PRERR = 1)
(1) When a write operation to the specific register took place in a state where the store instruction operation
for the recent peripheral I/O was not a write operation to the PRCMD register.
(2) When the first store instruction operation following a write operation to the PRCMD register is to any
peripheral I/O register apart from specific registers.
(b) Reset conditions: (PRERR = 0)
(1) When 0 is written to the PRERR flag of the SYS register. However, except for the case of Remark 1.
(2) At system reset.

Remarks 1. If 0 is written to the PRERR bit immediately after a write operation to the PRCMD register, the
PRERR bit is set to 1 (because the SYS register is not a specific register).
2. If the PRCMD register is written again immediately after a write operation to the PRCMD register,
the PRERR bit of the SYS register is set to 1 (because the SYS register is not a specific register).
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The V850/SB1 and V850/SB2 are provided with an external bus interface function by which external memories
such as ROM and RAM, and I/O can be connected.

4.1 Features

e Address bus (capable of separate output)
e 16-bit data bus
e Able to be connected to external devices via the pins that have alternate functions as ports
¢ Wait function
* Programmable wait function, capable of inserting up to 3 wait states per 2 blocks

e External wait control through WAIT pin input
¢ |dle state insertion function
e Bus mastership arbitration function
e Bus hold function

4.2 Bus Control Pins and Control Register

4.2.1 Bus control pins
The following pins are used for interfacing with external devices.

Table 4-1. Bus Control Pins

External Bus Interface Function Corresponding Port (Pins)
Address/data bus (ADO to AD7) Port 4 (P40 to P47)
Address/data bus (AD8 to AD15) Port 5 (P50 to P57)
Address bus (A1 to A4) Port 11 (P110 to P113)
Address bus (A5 to A12) Port 10 (P100 to P107)
Address bus (A13 to A15) Port 3 (P34 to P36)
Address bus (A16 to A21) Port 6 (P60 to P65)

Read/write control (LBEN, UBEN, R/W, DSTB, WRL, WRH, RD) | Port 9 (P90 to P93)

Address strobe (ASTB) Port 9 (P94)
Bus hold control (HLDRQ, HLDAK) Port 9 (P95, P96)
External wait control (WAIT) Port 11 (P110)

The bus interface function of each pin is enabled by specifying the memory expansion mode register (MM) or the
memory address output mode register (MAM). For the details of specifying an operation mode of the external bus
interface, refer to 3.4.6 (1) Memory expansion mode register (MM) and (2) Memory address output mode
register (MVAM).

Caution For debugging using the separate bus, refer to the user’s manual of the corresponding in-circuit
emulator.
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4.2.2 Control register

(1) System control register (SYC)
This register switches control signals for the bus interface.

The system control register can be read/written in 8-bit or 1-bit units.

After reset: 00H R/W Address: FFFFF064H
Symbol 7 6 5 4 3 1 <0>
SYC 0 0 0 0 0 0 BIC
BIC Bus interface control
0 DSTB, R/W, LBEN, UBEN"" signal output
1 RD, WRL, WRH, UBEN"™" signal output

Note The UBEN signal is output regardless of the BIC bit setting in the external expansion mode (set by the

memory expansion mode register (MM)).

Caution In the V850/SB1 and V850/SB2, when using port 9 as an I/O port, set the BIC bit of the system

control register (SYC) to 0. Note that the BIC bit is 0 after system reset.

4.3 Bus Access

4.3.1 Number of access clocks

The number of basic clocks necessary for accessing each resource is as follows.

Table 4-2. Number of Access Clocks

Bus Cycle Type Peripheral I/0 (Bus Width)
Internal ROM Internal RAM Peripheral 1/0 External Memory
(32 Bits) (32 Bits) (16 Bits) (16 bits)
Instruction fetch 1 3 Disabled 3+n
Operand data access 3 1 3 3+n

Remarks 1. Unit: Clock/access

2. n:

Number of waits inserted
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4.3.2 Bus width
The CPU carries out peripheral 1/0O access and external memory access in 8-bit, 16-bit, or 32-bit units. The
following shows the operation for each access.

(1) Byte access (8 bits)
Byte access is divided into two types, access to even addresses and access to odd addresses.

Figure 4-1. Byte Access (8 Bits)

(a) Access to even address (b) Access to odd address
157 15
8! 8
7 7 7 7
0 0 0 0i
Byte data External data bus Byte data External data bus

(2) Halfword access (16 bits)
In halfword access to external memory, data is dealt with as is because the data bus is fixed to 16 bits.

Figure 4-2. Halfword Access (16 Bits)

15 15

0 0
Halfword data External data bus

(3) Word access (32 bits)
In word access to external memory, the lower halfword is accessed first and then the higher halfword is
accessed.

Figure 4-3. Word Access (32 Bits)

First Second
31 31
16 16
15 15 15 15
0 0 0 0
Word data External data bus Word data External data bus
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4.4 Memory Block Function

The 16 MB memory space is divided into memory blocks of 1 MB units. The programmable wait function and bus
cycle operation mode can be independently controlled for every two memory blocks.

Figure 4-4. Memory Block

FFFFFFH | R
Block 15 | ______ \ On-chip peripheral
FO0000H PR /O area
EFFFFFH Voo
Block 14 L
E00000H \
DFFFFFH \ Internal RAM area
Block 13 \
DO000OH L B
CFFFFFH
Block 12
C00000H
BFFFFFH
Block 11
B0O0O00OH
AFFFFFH
Block 10
AO00000H
9FFFFFH
Block 9
900000H
8FFFFFH
Block 8
800000H External memory area
7FFFFFH i
Block 7
700000H
6FFFFFH
Block 6
600000H
5FFFFFH
Block 5
500000H
4FFFFFH
Block 4
400000H
3FFFFFH
Block 3
300000H
2FFFFFH
Block 2
200000H
1FFFFFH
Block 1
100000H I B
OFFFFFH
Block 0 Internal ROM area
o0ooo0OH ( | ¥y

User's Manual U13850EJ6VOUD 131



CHAPTER 4 BUS CONTROL FUNCTION

4.5 Wait Function

4.5.1 Programmable wait function
To facilitate interfacing with low-speed memories and I/O devices, up to 3 data waits can be inserted in a bus

cycle that starts every two memory blocks.

The number of waits can be programmed by using the data wait control register (DWC). Immediately after the
system has been reset, a state in which three data waits are inserted is automatically programmed for all memory

blocks.

(1) Data wait control register (DWC)
This register can be read/written in 16-bit units.

After reset: FFFFH R/W

Address: FFFFFO60H

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DWC |DW71|DW70 |[DW61|DW60 |DW51 [DW50 [DW41 [DW40 [DW31 |DW30 |DW21 |DW20 |DW11 [DW10 [DWO01 [DWOO
DWn1 |DWnO Number of wait states to be inserted

0 0 0

0 1 1

1 0 2

1 1 3

n Blocks into which wait states are inserted

0 Blocks 0/1

1 Blocks 2/3

2 Blocks 4/5

3 Blocks 6/7

4 Blocks 8/9

5 Blocks 10/11

6 Blocks 12/13

7 Blocks 14/15

Block 0 is reserved for the internal ROM area. It is not subject to programmable wait control, regardless of the

setting of DWC, and is always accessed without wait states.

The internal RAM area of block 15 is not subject to programmable wait control and is always accessed without

wait states. The on-chip peripheral I/O area of this block is not subject to programmable wait control either; only
wait control from each peripheral function is performed.
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4.5.2 External wait function

When an extremely slow device, I/O, or asynchronous system is connected, any number of wait states can be
inserted in the bus cycle by sampling the external wait pin (W) to synchronize with the external device.

The external wait signal is data wait only, and does not affect the access times of the internal ROM, internal RAM,
and on-chip peripheral I/O areas, similar to programmable wait.

Input of the external WAIT signal can be done asynchronously to CLKOUT and is sampled at the falling edge of
the clock in the T2 and TW states of a bus cycle. If the setup/hold time at sampling timing is not satisfied, the wait

state may or may not be inserted in the next state.

Caution Because the A1 pin and WAIT pin are alternate-function pins, the wait function by the WAIT pin
cannot be used when using a separate bus (programmable wait can be used, however).
Similarly, a separate bus cannot be used when the wait function by the WAIT pin is being used.

4.5.3 Relationship between programmable wait and external wait

A wait cycle is inserted as a result of an OR operation between the wait cycle specified by the set value of
programmable wait and the wait cycle controlled by the WAIT pin. In other words, the number of wait cycles is
determined by whichever has the greater number.

Figure 4-5. Wait Control

Programmable wait
) Wait control

Wait by WAIT pin

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

Figure 4-6. Example of Inserting Wait States

| |
Cwour _[ |_I LI LI LI L_L_I L_L_I
WAIT pin VAN [ /T
Wait by WAIT pin / \
Programmable wait / \
Waitcontrol _ / N

Remark O: Valid sampling timing
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4.6 Idle State Insertion Function

To facilitate interfacing with low-speed memory devices and meeting the data output float delay time on memory
read accesses every two blocks, one idle state (TI) can be inserted into the current bus cycle after the T3 state. The
following bus cycle starts after one idle state.

Specifying insertion of the idle state is programmable by using the bus cycle control register (BCC).

Immediately after the system has been reset, idle state insertion is automatically programmed for all memory

blocks.

(1) Bus cycle control register (BCC)
This register can be read/written in 16-bit units.

After reset: AAAAH R/W Address: FFFFF062H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 1
BCC BC71 0 BC61 0 BC51 0 BC41 0 BC31 0 BC21 0 BC11 BCO1
BCn1 Idle state insertion specification
0 Not inserted
1 Inserted
n Blocks into which idle state is inserted
0 Blocks 0/1
1 Blocks 2/3
2 Blocks 4/5
3 Blocks 6/7
4 Blocks 8/9
5 Blocks 10/11
6 Blocks 12/13
7 Blocks 14/15

Block 0 is reserved for the internal ROM area; therefore, no idle state can be specified.

The internal RAM area and on-chip peripheral I/O area of block 15 are not subject to insertion of an idle state.
Be sure to set bits 0, 2, 4, 6, 8, 10, 12, and 14 to 0. If these bits are set to 1, the operation is not guaranteed.
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4.7 Bus Hold Function

4.7.1 Outline of function

When the MM3 bit of the memory expansion mode register (MM) is set (1), the HLDRQ and HLDAK pin functions
of P95 and P96 become valid.

When the HLDRQ pin becomes active (low) indicating that another bus master is requesting acquisition of the bus,

the external address/data bus and strobe pins go into a high-impedance state™™, and the bus is released (bus hold
status). When the HLDRQ pin becomes inactive (high) indicating that the request for the bus is cleared, these pins
are driven again.

During the bus hold period, the internal operation continues until the next external memory access.

The bus hold status can be recognized by the HLDAK pin becoming active (low).

This feature can be used to design a system where two or more bus masters exist, such as when a multi-
processor configuration is used and when a DMA controller is connected.

A bus hold request is not acknowledged between the first and the second word access, and between the read
access and write access of the read-modify-write access executed using a bit manipulation instruction.

Note A1 to A15 are set to the hold state when a separate bus is used.
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4.7.2 Bus hold procedure

The procedure of the bus hold function is illustrated below.

Figure 4-7. Bus Hold Procedure

<1>HLDRQ = 0 acknowledged

<2>All bus cycle start requests held pending
<3>End of current bus cycle

<4>Bus idle status

<5>HLDAK =0

<6>HLDRQ = 1 acknowledged

<7>HLDAK = 1

<8>Clears pending bus cycle start requests
<9>Start of bus cycle

HLDRQ \ i

HLDAK :

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

4.7.3 Operation in power save mode
In the IDLE or software STOP mode, the system clock is stopped. Consequently, the bus hold status is not set
even if the HLDRQ pin becomes active.
In the HALT mode, the HLDAK pin immediately becomes active when the HLDRQ pin becomes active, and the
bus hold status is set. When the HLDRQ pin becomes inactive, the HLDAK pin becomes inactive. As a result, the
bus hold status is cleared, and the HALT mode is set again.
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4.8 Bus Timing

The V850/SB1 and V850/SB2 can execute read/write control for an external device using the following two modes.

e Mode using DSTB, R/V_V, LBEN, UBEN, and ASTB signals
 Mode using RD, WRL, WRH, and ASTB signals

Set these modes by using the BIC bit of the system control register (SYC) (see 4.2.2 (1) System control register
(SYQC)).

Figure 4-8. Memory Read (1/4)

(a) 0 waits
T T2 T3
CLKOUT (output) 1 1 1
A16 to A21 (output) Address
A1 to A15 (output) Address

ADO to AD15 (I/O) ----r Address | F----- ( Data - === < ----
ASTB (output) \ /

R/W (output)

WRH, WRL (output)

DSTB, RD (output)

UBEN, LBEN (output)

WAIT (input) / \

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 0.
2. The broken line indicates the high-impedance state.
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Figure 4-8. Memory Read (2/4)

(b) 1 wait

T1 T2 T™W T3

CLKOUT (output) \ \ \ \
A16 to A21 (output) Address
A1 to A15 (output) Address

ADO to AD15 (I/O) ===t Address [} =-=-=-=--- < Data > ....... < .....
ASTB (output) \ /

R/W (output)

WRH, WRL (output)

DSTB, RD (output)

UBEN, LBEN (output)

i \_ /7N

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 1.
2. The broken line indicates the high-impedance state.
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Figure 4-8. Memory Read (3/4)
(c) 0 waits, idle state

T T2 T3 Tl
CLKOUT (output) _\_ _\_ _\_ _\_
A16 to A21 (output) Address
A1 to A15 (output) Address

ADO to AD15 (I/0) -==-r Address |} ----- < Data e R b -<
ASTB (output) \ /

R/W (output)

WRH, WRL (output)

DSTB, RD (output)

UBEN, LBEN (output)

WAIT (input) / \

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 0.
2. The broken line indicates the high-impedance state.
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Figure 4-8. Memory Read (4/4)
(d) 1 wait, idle state

T T2 TW T3 TI
CLKOUT (output) _\_ _\_ _\_ _\_ _\_
A16 to A21 (output) Address
A1 to A15 (output) Address

ADO to AD15 (/0)  =-=-=-=-- - Address -——- -< Data >- ................. .<
ASTB (output) \ /

R/W (output)

WRH, WRL (output)

DSTB, RD (output) /

UBEN, LBEN (output)

o \_/T7N

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 1.
2. The broken line indicates the high-impedance state.
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Figure 4-9. Memory Write (1/2)

(a) 0 waits
T1 T2 T3
CLKOUT (output) _\_ _\_ _\_
A16 to A21 (output) Address
A1 to A15 (output) Address
ADOto AD15 (I/O)  =-=--=--- Address DataNete
ASTB (output) \ /

R/W (output)

__ H
RD (output)

DSTB (output)

WRH, WRL (output)

UBEN, LBEN (output)

WAIT (input) / \

Note ADO to AD7 output invalid data when odd-address byte data is accessed.
ADB8 to AD15 output invalid data when even-address byte data is accessed.

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 0.

2. The broken line indicates the high-impedance state.
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Figure 4-9. Memory Write (2/2)

(b) 1 wait
T1 T2 T™W T3
A16 to A21 (output) Address
A1 to A15 (output) Address
ADOto AD15 (/0) ----rt Address DataNete

ASTB (output) \ /

R/W (output)

RD (output) H

DSTB (output)

WRH, WRL (output)

UBEN, LBEN (output)

_— \_ /7N

Note ADO to AD7 output invalid data when odd-address byte data is accessed.
AD8 to AD15 output invalid data when even-address byte data is accessed.

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 1.
2. The broken line indicates the high-impedance state.
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Figure 4-10. Bus Hold Timing

T2 T3 TH TH TH TH Tl iR

ewoureen |\ [\ L) L L L L

HLDRQ (input) _\ Note 1

HLDAK (output)

A16 to A21 (output) X Address| = |- mAmmsm-msmsmmsmsmsslmm s m e —mm—— -< Address

A1 to A15 (output) X Address Address

ADO to AD15 (I/O) X Address Data |- ="q-=-=---mm-mmmmmmmmmmm- -(Undeﬁned Address

ASTB (output) \ / \- --------------------------- F/ \
R/W (output) X / T E By R R LT '/

DSTB, RD, /
WRH, WRL (output) / """""""""""""" r

UBEN, LBEN (output) X ---------------------------------- -<

WAIT (input) / \

Notes 1. If the HLDRAQ signal is inactive (high level) at this sampling timing, the bus hold state is not entered.
2. If the bus hold status is entered after a write cycle, a high level may be output momentarily from the
R/W pin immediately before the HLDAK signal changes from high level to low level.

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 0.
2. The broken line indicates the high-impedance state.
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4.9 Bus Priority

There are four external bus cycles: bus hold, memory access, instruction fetch (branch), and instruction fetch
(continuous). The bus hold cycle is given the highest priority, followed by memory access, instruction fetch (branch),
and instruction fetch (continuous) in that order.

The instruction fetch cycle may be inserted between the read access and write access in a read-modify-write
access.

No instruction fetch cycle is inserted between the lower halfword access and higher halfword access of word
access operations.

Table 4-3. Bus Priority

External Bus Cycle Priority

Bus hold 1

Memory access

2
Instruction fetch (branch) 3
4

Instruction fetch (continuous)
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4.10 Memory Boundary Operation Conditions
4.10.1 Program space

(1) Do not execute a branch to the on-chip peripheral I/O area or continuous fetch from the internal RAM area to the
peripheral I/O area. If a branch or instruction fetch is executed, the NOP instruction code is continuously fetched
and no data is fetched from external memory.

(2) A prefetch operation straddling over the on-chip peripheral I/O area (invalid fetch) does not take place if a branch
instruction exists at the upper-limit address of the internal RAM area.

4.10.2 Data space

Only the address aligned at the halfword boundary (when the least significant bit of the address is “0”)/word
boundary (when the lowest 2 bits of the address are “0”) boundary is accessed by halfword (16 bits)/word (32 bits)
data.

Therefore, access that straddles over the memory or memory block boundary does not take place.
For details, refer to V850 Series Architecture User’s Manual.
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5.1 Outline

The V850/SB1 and V850/SB2 are provided with a dedicated interrupt controller (INTC) for interrupt servicing and

realize a high-powered interrupt function that can service interrupt requests from a total of 37 to 40 sources.

An interrupt is an event that occurs independently of program execution, and an exception is an event that is

dependent on program execution. Generally, an exception takes precedence over an interrupt.

The V850/SB1 and V850/SB2 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 opcode) (exception trap).

5.1.1 Features

¢ Interrupts

Non-maskable interrupts: 2 sources
Maskable interrupts: (the number of maskable interrupt sources differs depending on the product)
(V850/SB1)

uPD703030B, 703031A, 703031B, 703032A, 703032B, 703033A, 703033B,

70F3030B, 70F3032A, 70F3032B, 70F3033A, 70F3033B: 37 sources
1PD703030BY, 703031AY, 703031BY, 703032AY, 703032BY, 703033AY, 703033BY,
70F3030BY, 70F3032AY, 70F3032BY, 70F3033AY, 70F3033BY: 38 sources
(V850/SB2)
1PD703034A, 703034B, 703035A, 7030358, 703036H, 703037A, 703037H,
70F3035A, 70F3035B, 70F3036H, 70F3037A, 70F3037H: 39 sources
1PD703034AY, 703034BY, 703035AY, 703035BY, 703036HY, 703037AY, 703037HY,
70F3035AY, 70F3035BY, 70F3036HY, 70F3037AY, 70F3037HY: 40 sources

8 levels of programmable priorities

Mask specification for interrupt requests according to priority

Masks can be specified for each maskable interrupt request.

Noise elimination, edge detection, and valid edge of external interrupt request signal can be specified.

e Exceptions

Software exceptions: 32 sources
Exception trap: 1 source (illegal opcode exception)

The interrupt/exception sources are listed in Table 5-1.
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INTERRUPT/EXCEPTION PROCESSING FUNCTION

Table 5-1. Interrupt Source List (1/2)

Type Classifi- Default Name Trigger Interrupt | Exception Handler |Restored | Interrupt
cation Priority Source | Code Address |PC Control
Register
Reset Interrupt - RESET Reset input - 0000H 00000000H | Unde- -
fined
Non- Interrupt - NMI NMI pin input - 0010H 00000010H | nextPC -
maskable || ierrupt — | INTWDT | WDTOVF non-maskable |WDT  |0020H  |00000020H |nextPC -
Software | Exception - TRAPON™' | TRAP instruction - 004nH"™"*' [ 00000040H | nextPC -
exception | gyeention | - | TRAPIN™' | TRAP instruction — | oosnH"™*" [ 00000050H | nextPC -
Exception | Exception - ILGOP lllegal opcode - 0060H 00000060H | nextPC -
trap
Maskable | Interrupt 0 INTWDTM [ WDTOVF maskable WDT 0080H 00000080H | nextPC [WDTIC
1 INTPO INTPO pin Pin 0090H 00000090H | nextPC | PICO
2 INTP1 INTP1 pin Pin 00AOH 000000AOH | nextPC | PIC1
3 INTP2 INTP2 pin Pin 00BOH 000000BOH | nextPC | PIC2
4 INTP3 INTP3 pin Pin 00COH 000000COH | nextPC | PIC3
5 INTP4 INTP4 pin Pin 00DOH 000000DOH | nextPC | PIC4
6 INTP5 INTP5 pin Pin 00EOH 000000EOH | nextPC | PIC5
7 INTP6 INTP6 pin Pin 00FOH 000000FOH [ nextPC | PIC6
8 INTWTNI Watch timer prescaler WT 0140H 00000140H | nextPC [ WTNIIC
9 INTTMOO INTTMOO TMO 0150H 00000150H | nextPC | TMICOO
10 INTTMO1 INTTMO1 TMO 0160H 00000160H | nextPC | TMICO1
11 INTTM10 INTTM10 T™M1 0170H 00000170H | nextPC | TMIC10
12 INTTM11 INTTM11 T™M1 0180H 00000180H | nextPC | TMIC11
13 INTTM2 TM2 compare match/OVF | TM2 0190H 00000190H | nextPC [ TMIC2
14 INTTM3 TM3 compare match/OVF | TM3 01A0OH 000001AQOH | nextPC [ TMIC3
15 INTTM4 TM4 compare match/OVF | TM4 01BOH 000001BOH | nextPC [ TMIC4
16 INTTM5 TM5 compare match/OVF | TM5 01COH 000001COH | nextPC [ TMIC5
17 INTTM6 TM6 compare match/OVF | TM6 01DOH 000001DOH | nextPC | TMIC6
18 INTTM7 TM7 compare match/OVF | TM7 O1EOH 000001EOQOH | nextPC [ TMIC7
19 |INTICO"™% | IC interrupt/ I’C/ 01FOH 000001FOH [ nextPC | CSICO
INTCSIO CSI0 transmit end Cslio
20 INTSERO UARTO serial error UARTO | 0200H 00000200H | nextPC | SERICO
21 INTSRO/ UARTO receive end/ UARTO/ | 0210H 00000210H [ nextPC | CSICH
INTCSIH CSI1 transmit end csit
22 INTSTO UARTO transmit end UARTO |0220H 00000220H [ nextPC [ STICO
Notes 1. n: Oto FH
2. Available only in the Y versions (products with on-chip I°C).
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Table 5-1. Interrupt Source List (2/2)

Type Classifi- | Default Name Trigger Interrupt | Exception Handler Restored | Interrupt
cation Priority Source |Code Address | PC Control
Register
Maskable | Interrupt 23 INTCSI2 CSI2 transmit end CSI2 0230H 00000230H | nextPC [CSIC2
24 INTIC1"™" [ I*C1 interrupt I’C1 0240H 00000240H | nextPC | IICIC1
25 INTSER1 UART1 serial error UART1 | 0250H 00000250H | nextPC | SERIC1
26 INTSR1/ UART1 receive end/ UART1/ | 0260H 00000260H | nextPC | CSIC3
INTCSI3 CSI3 transmit end CSI3
27 INTSTH UART1 transmit end UART1 | 0270H 00000270H [ nextPC | STIC1
28 INTCSI4 CSl4 transmit end CSl4 0280H 00000280H | nextPC | CSIC4
29 | INTIE1™** [IEBus transfer end IEBus | 0290H 00000290H | nextPC | IEBIC1
30 |INTIE2"™"* |IEBus communication IEBus | 02A0H 000002A0H | nextPC | IEBIC2
end
31 INTAD A/D conversion end A/D 02BOH 000002BOH | nextPC | ADIC
32 INTDMAO | DMAO transfer end DMAO | 02COH 000002C0OH | nextPC | DMAICO
33 INTDMA1 | DMA1 transfer end DMA1 02DOH 000002D0H | nextPC | DMAIC1
34 INTDMA2 | DMA2 transfer end DMA2 [ 02EOH 000002EOH | nextPC | DMAIC2
35 INTDMA3 | DMAS transfer end DMA3 | 02FOH 000002FOH | nextPC | DMAIC3
36 INTDMA4 | DMA4 transfer end DMA4 | 0300H 00000300H | nextPC | DMAIC4
37 INTDMA5 | DMAS5 transfer end DMA5 | 0310H 00000310H | nextPC | DMAIC5
38 INTWTN Watch timer OVF WT 0320H 00000320H [ nextPC [ WTNIC
39 INTKR Key return interrupt KR 0330H 00000330H | nextPC | KRIC
Notes 1. Available only in the Y versions (products with on-chip I°C).

2. Available only in the V850/SB2.

Remarks 1. Default Priority:  Priority when two or more maskable interrupt requests occur at the same time.
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The highest priority is 0.

Restored PC: The value of the PC saved to EIPC or FEPC when interrupt/exception
processing is started. However, the value of the PC saved when an interrupt is
acknowledged during DIVH (division) instruction execution is the value of the PC
of the current instruction (DIVH).

2. The execution address of the illegal instruction when an illegal opcode exception occurs is

calculated by (Restored PC - 4).

3. The restored PC of an interrupt/exception other than RESET is the value of the PC (when an event

occurred) + 1.

4. Non-maskable interrupts (INTWDT) and maskable interrupts (INTWDTM) are set by the WDTM4 bit
of the watchdog timer mode register (WDTM).
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5.2 Non-Maskable Interrupt

A non-maskable interrupt is acknowledged unconditionally, even when interrupts are disabled (DI state). An NMI
is not subject to priority control and takes precedence over all other interrupts.
The following two non-maskable interrupt requests are available in the V850/SB2.

e NMI pin input (NMI)
* Non-maskable watchdog timer interrupt request (INTWDT)

When the valid edge specified by rising edge specification register 0 (EGPO0) and falling edge specification register
0 (EGNO) is detected at the NMI pin, an interrupt occurs.

INTWDT functions as the non-maskable interrupt (INTWDT) only in the state in which the WDTM4 bit of the
watchdog timer mode register (WDTM) is set to 1.

While the service routine of a non-maskable interrupt is being executed (PSW.NP = 1), the acknowledgment of
another non-maskable interrupt request is held pending. The pending NMI is acknowledged after the original service
routine of the non-maskable interrupt under execution has been terminated (by the RETI instruction), or when
PSW.NP is cleared to 0 by the LDSR instruction. Note that if two or more NMI requests are input during the
execution of the service routine for an NMI, the number of NMIs that will be acknowledged after PSW.NP goes to “0”,
is only one.

Caution If PSW.NP is cleared to 0 by the LDSR instruction during non-maskable interrupt servicing, the
interrupt afterwards cannot be acknowledged correctly.
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5.2.1 Operation

If a non-maskable interrupt is generated, the CPU performs the following processing, and transfers control to the
handler routine.

Saves the restored PC to FEPC.

Saves the current PSW to FEPSW.

Writes exception codes 0010H and 0020H to the higher halfword (FECC) of ECR.

Sets the NP and ID bits of the PSW and clears the EP bit.

Loads the handler address (00000010H, 00000020H) of the non-maskable interrupt routine to the PC, and
transfers control.

~

—~ o~ o~ o~ —~
a W
NS EN I e

Figure 5-1. Non-Maskable Interrupt Servicing

— C NMI input )
INTC accepted
7}L CNon-maskable interrupt request)

PSW. NP

-

CPU processing

FEPC - Restored PC ( Interrupt request pending )
FEPSW -— PSW

ECR. FECC =— Exception code

PSW.NP  =—1

PSW.EP =«—0

PSW.ID =1

PC -+— 00000010H,
00000020H

C Interrupt servicing )
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Figure 5-2. Acknowledging Non-Maskable Interrupt Request

(a) If a new NMI request is generated while an NMI service routine is being executed:

( Main routine )

(PSW. NP = 1)

:

NMI request — NMI request —=| NMI request held pending because PSW. NP = 1

J

Pending NMI request processed

/)

(b) If a new NMI request is generated twice while an NMI service routine is being executed:

( Main routine )

NMI request—=| Held pending because NMI service program is being processed

NMI request—

NMI request—=| Held pending because NMI service program is being processed

i

Only one NMI request is acknowledged even though
two or more NMI requests are generated
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5.2.2 Restore
Execution is restored from non-maskable interrupt servicing by the RETI instruction.

Operation of 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) Restores the values of the PC and PSW from FEPC and FEPSW, respectively, because the EP bit of the
PSW is 0 and the NP bit of the PSW is 1.

(2) Transfers control back to the address of the restored PC and PSW.

How the RETI instruction is processed is shown below.

Figure 5-3. RETI Instruction Processing

( RETI instruction )

0

: 1

! PSW.NP

G -0
PC < EIPC PC < FEPC
PSW < EIPSW PSW  ~ FEPSW

( Original processing restored )

Caution When the PSW.EP bit and PSW.NP bit are changed by the LDSR instruction during non-
maskable interrupt servicing, in order to restore the PC and PSW correctly during recovery by
the RETI instruction, it is necessary to set PSW.EP back to 0 and PSW.NP back to 1 using the
LDSR instruction immediately before the RETI instruction.

Remark The solid line shows the CPU processing flow.
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5.2.3 NP flag
The NP flag is a status flag that indicates that non-maskable interrupt (NMI) servicing is under execution. This flag

is set when an NMI interrupt request has been acknowledged, and masks all interrupt requests to prohibit multiple
interrupts from being acknowledged.

After reset: 00000020H

Symbol 31 8 7 6 5 4 3 2 1 0
PSW 0 NP |EP ([ ID [SAT|CY|OV| S | Z
NP NMI servicing state
0 No NMI interrupt servicing
1 NMI interrupt currently being serviced

5.2.4 Noise eliminator of NMI pin
NMI pin noise is eliminated by the noise eliminator 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 after a certain
period has elapsed.

The NMI pin is used for releasing the software stop mode. In the software stop mode, the system clock is not
used for noise elimination because the internal system clock is stopped.

User's Manual U13850EJ6VOUD 153



CHAPTER 5 INTERRUPT/EXCEPTION PROCESSING FUNCTION

5.2.5 Edge detection function of NMI pin

The NMI pin valid edge can be selected from the following four types: falling edge, rising edge, both edges, or
neither edge.

Rising edge specification register 0 (EGPO) and falling edge specification register 0 (EGNO) specify the valid edge
of the non-maskable interrupt (NMI). These two registers can be read/written in 1-bit or 8-bit units.

After reset, the valid edge of the NMI pin is set to the “detect neither rising nor falling edge” state. Therefore, the
NMI pin functions as a normal port and an interrupt request cannot be acknowledged, unless a valid edge is specified
by using the EGP0O and EGNO registers.

When using P00 as an output port, set the NMI valid edge to “detect neither rising nor falling edge”.

(1) Rising edge specification register 0 (EGPO0)

After reset: 00H R/W Address: FFFFFOCOH
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
EGPO EGP0O7 EGP06 EGP05 EGP04 EGPO03 EGP02 EGPO1 EGP00
EGPOn Rising edge valid control
0 No interrupt request signal occurred at the rising edge
1 Interrupt request signal occurred at the rising edge

n =0: NMI pin control
n=1to 7: INTPO to INTP6 pin control

(2) Falling edge specification register 0 (EGNO)

After reset: 00H R/wW Address: FFFFFOC2H
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
EGNO EGNO7 EGNO06 EGNO5 EGNO04 EGNO3 EGNO2 EGNO1 EGNOO
EGNOn Falling edge valid control
0 No interrupt request signal occurred at the falling edge
1 Interrupt request signal occurred at the falling edge

n = 0: NMI pin control
n=1to7: INTPO to INTP6 pin control
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5.3 Maskable Interrupts

Maskable interrupt requests can be masked by interrupt control registers. The V850/SB1 and V850/SB2 have 37
to 40 maskable interrupt sources (see 5.1.1 Features).

If two or more maskable interrupt requests are generated at the same time, they are acknowledged according to
the default priority. In addition to the default priority, eight levels of priorities can be specified by using the interrupt
control registers, allowing programmable priority control.

When an interrupt request has been acknowledged, the acknowledgment of other maskable interrupts is disabled
and the interrupt disabled (DI) status is set.

When the El instruction is executed in an interrupt servicing routine, the interrupt enabled (El) status is set which
enables interrupts having a higher priority to immediately interrupt the current service routine in progress. Note that
only interrupts with a higher priority will have this capability; interrupts 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 WDTM4 bit of the watchdog timer mode register (WDTM) is set to 0, the watchdog timer overflow
interrupt functions as a maskable interrupt (INTWDTM).

5.3.1 Operation
If a maskable interrupt 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 halfword of ECR (EICC).

(4) Sets the ID bit of the PSW and clears the EP bit.

(5) Loads the corresponding handler address to the PC, and transfers control.

The INT input masked by INTC and the INT input that occurs during the other interrupt servicing (when PSW.NP =
1 or PSW.ID = 1) are internally held pending. When the interrupts are unmasked, or when PSW.NP = 0 and PSW.ID
= 0 by using the RETI and LDSR instructions, the pending INT is input to start the new maskable interrupt servicing.
How the maskable interrupts are serviced is shown below.
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Figure 5-4. Maskable Interrupt Servicing

- C INT input )

-

INTC accepted Yes

No
Interrupt enable mode?

Priority higher than
that of interrupt currently
serviced?

Priority higher
than that of other interrupt
request?

ighest default
priority of interrupt requests
with the same priority?

f}'— CMaskabIe interrupt request) ( Interrupt request pending )

CPU processing

EIPC -— Restored PC ( Interrupt request pending )
EIPSW -— PSW

ECR. EICC -«— Exception code
PSW.EP =—0

PSW.ID =1

PC -— Handler address

C Interrupt servicing )
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5.3.2 Restore
To restore execution from maskable interrupt servicing, the RETI instruction is used.

Operation of RETI instruction

When the RETI instruction is executed, the CPU performs the following steps, and transfers control to the address
of the restored PC.

(1) Restores the values of the PC and PSW from EIPC and EIPSW because the EP bit of the PSW is 0 and the
NP bit of PSW is 0.
(2) Transfers control to the address of the restored PC and PSW.

The processing of the RETI instruction is shown below.

Figure 5-5. RETI Instruction Processing

< RET]I instruction >

PC -— EIPC PC -— FEPC
PSW -— EIPSW PSW -— FEPSW

< Restores original processing >

Caution When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction during maskable
interrupt servicing, in order to restore the PC and PSW correctly during recovery by the RETI
instruction, it is necessary to set PSW.EP back to 0 and PSW.NP 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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5.3.3 Priorities of maskable interrupts

The V850/SB1 and V850/SB2 provide multiple interrupt servicing in which an interrupt is 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 which are specified by the interrupt priority level specification bit (xxPRn). 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 type (default priority level) before-
hand. For more information, refer to Table 5-1. Programmable priority control customizes interrupt requests into
eight levels by setting the priority level specification flag.

Note that when an interrupt request is acknowledged, the ID flag of the PSW is automatically set to “1”. There-
fore, when multiple interrupts are to be used, clear the ID flag to “0” beforehand (for example, by placing the El in-
struction into the interrupt service program) to set the interrupt enabled mode.

Remark xx: Identification name of each peripheral unit (refer to Table 5-2)
n: Number of each peripheral unit (refer to Table 5-2)
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Figure 5-6. Example of Multiple Interrupt Servicing (1/2)

C Main routine )

El

Servicing of a Servicing of b

El

Interrupt
Interrupt request a — request b

(level 3) (level 2) —= Interrupt request b is acknowledged because the priority of

b is higher than that of a and interrupts are enabled.

Servicing of ¢

\ A

Interrupt request ¢ —

(level 3) Interrupt request d

(level 2)—
Although the priority of interrupt request d is higher

than that of ¢, d is held pending because interrupts
Servicing of d are disabled.

Servicing of e

\

Interrupt request e —

(level 2) Interrupt request f Interrupt request f is held pending even if interrupts are

(level 3)— enabled because its priority is lower than that of e.

Servicing of f

/l

Servicing of g

Interrupt request h

Interrupt request g — (level 1) —

(level 1) Interrupt request h is held pending even if interrupts are

Servicing of h 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 uin the figure are the names of interrupt requests shown for the sake of explanation.
2. The default priority in the figure indicates the relative priority between two interrupt requests.
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Figure 5-6. Example of Multiple Interrupt Servicing (2/2)

C Main routine )

El

Servicing of i

El

Interrupt
Interrupt request i — requestj__
(level 2) (level 3)

Interrupt request k

(level 1) ™
\ Servicing of j

Servicing of |

Interrupt

request m

. (level 3) —

Interrupt request | Interrupt request n
(level 2) (level 1)

Servicing of n

x Servicing of m

Processing of k

Interrupt request j is held pending because its
priority is lower than that of i. k that occurs after |
is acknowledged because it has the higher priority.

Interrupt requests m and n are held pending
because servicing of | is performed in the interrupt
disabled status.

Pending interrupt requests are acknowledged after
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 o
/EI Servicing of p Servicing of
. ervicing o
Interrupt request o interrupt \/TEI goa
Interrupt

(level 3) request p —

(level 2)

request q =
(level 1)

Servicing of s
Interrupt
request t Note 1
Interrupt request s — I (level 2) - | Note
level 1 nterrupt request u
( ) level 2)—w- | Note2
Servicing of u
Servicing of t
Notes 1. Lower default priority

2. Higher default priority

(level 0)

Interrupt

\/g| Servicing of r
El
request r —w-

If levels 3 to 0 are acknowledged

Pending interrupt requests t and u are
acknowledged after processing of s.

Because the priorities of t and u are the same, u is
acknowledged first because it has the higher
default priority, regardless of the order in which the
interrupt requests have been generated.
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Figure 5-7. Example of Servicing Interrupt Requests Generated Simultaneously

( Main routine )

El

Interrupt request a (level 2) i
Interrupt request b (level 1)Nete!
Interrupt request ¢ (level 1)Nete2

NMI | Servicing of interrupt request b e Interrupt request b and ¢ are

request | acknowledged first according to their
priorities.

* Because the priorities of b and c are
the same, b is acknowledged first
because it has the higher default
priority.

Servicing of interrupt request ¢

Servicing of interrupt request a

Notes 1. Higher default priority
2. Lower default priority

Remarks 1. a, b, and c in the above figure are the names of interrupt requests shown for the sake of explanation.
2. The default priority in the above figure indicates the relative priority between two interrupt requests.
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5.3.4 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 register can be read/written in 8-bit or 1-bit units.

Cautions 1. If the following three conditions conflict, interrupt servicing is executed twice. However,
when DMA is not used, interrupt servicing is not executed twice.

o Execution of a bit manipulation instruction corresponding to the interrupt request flag
(xxIFn)

e An interrupt via hardware of the same interrupt control register (xxICn) as the interrupt
request flag (xxIFn) is generated

o DMA is started during execution of a bit manipulation instruction corresponding to the
interrupt request flag (xxIFn)

Two workarounds using software are shown below.

o Insert a DI instruction before the software-based bit manipulation instruction and an El
instruction after it, so that jumping to an interrupt immediately after the bit manipulation
instruction execution does not occur.

e When an interrupt request is acknowledged, since the hardware becomes interrupt
disabled (DI state), clear the interrupt request flag (xxIFn) before executing the EIl
instruction in each interrupt servicing routine.

2. Read the xxIFn bit of the xxICn register with interrupts disabled. When the xxIFn bit is read

with interrupts enabled, a normal value may not be read if the interrupt acknowledgment
timing and the bit read timing conflict.
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After reset: 47H R/W Address: FFFFF100H to FFFFF156H
Symbol <7> <6> 5 4 3 2 1 0
xxICn xxIFn xxMKn 0 0 0 xxPRn2 xxPRn1 xxPRn0
xxIFn Interrupt request flag"™
0 Interrupt request not generated
1 Interrupt request generated
xXMKn Interrupt mask flag
0 Interrupt servicing enabled
1 Interrupt servicing disabled (pending)
xxPRn2 xxPRn1 xxPRn0O 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 an interrupt request is acknowledged.

Remark xx: Identification name of each peripheral unit (see Table 5-2)
Peripheral unit number (see Table 5-2)

n:
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The address and bits of each interrupt control register are as follows.

Table 5-2. Interrupt Control Register (xxICn)

Address Register Bit
<7> <6> 5 4 2 1 0
FFFFF100H | WDTIC WDTIF WDTMK |0 0 0 WDTPR2 |WDTPR1 |WDTPRO
FFFFF102H | PICO PIFO PMKO 0 0 0 PPRO2 PPRO1 PPR00
FFFFF104H | PIC1 PIF1 PMK1 0 0 0 PPR12 PPR11 PPR10
FFFFF106H | PIC2 PIF2 PMK2 0 0 0 PPR22 PPR21 PPR20
FFFFF108H |PIC3 PIF3 PMK3 0 0 0 PPR32 PPR31 PPR30
FFFFF10AH | PIC4 PIF4 PMK4 0 0 0 PPR42 PPR41 PPR40
FFFFF10CH | PIC5 PIF5 PMK5 0 0 0 PPR52 PPR51 PPRS50
FFFFF10EH | PIC6 PIF6 PMK6 0 0 0 PPR62 PPR61 PPR60
FFFFF118H |WTNIIC  |WTNIF  |WTNIMK |0 0 0 WTNIPR2 | WTNIPR1 | WTNIPRO
FFFFF11AH | TMICOO  [TMIFOO | TMMKOO |0 0 0 TMPR002 | TMPR0O1 | TMPRO0O
FFFFF11CH | TMICO1 ~ [TMIFO1 | TMMKO1 |0 0 0 TMPRO12 | TMPRO11 | TMPRO10
FFFFF11EH |TMIC10  [TMIF10  |TMMK10 |0 0 0 TMPR102 | TMPR101 | TMPR100
FFFFF120H |TMIC11 | TMIF11  |TMMK11 |0 0 0 TMPR112 | TMPR111 | TMPR110
FFFFF122H | TMIC2 TMIF2 TMMK2 |0 0 0 TMPR22 | TMPR21 | TMPR20
FFFFF124H | TMIC3 TMIF3 TMMK3 |0 0 0 TMPR32 | TMPR31 | TMPR30
FFFFF126H | TMIC4 TMIF4 TMMK4 |0 0 0 TMPR42 | TMPR41 | TMPR40
FFFFF128H | TMIC5 TMIF5 TMMK5 |0 0 0 TMPR52 | TMPR51 | TMPRS50
FFFFF12AH | TMIC6 TMIF6 TMMK6 |0 0 0 TMPR62 | TMPR61 | TMPR60
FFFFF12CH | TMIC7 TMIF7 TMMK?7 |0 0 0 TMPR72 | TMPR71 | TMPR70
FFFFF12EH | CSICO CSIFo CSMKO |0 0 0 CSPRO2 |CSPRO1 | CSPRO0O
FFFFF130H | SERICO SERIFO SERMKO |0 0 0 SERPRO02 | SERPR0O1 | SERPRO00O
FFFFF132H | CSIC1 CSIF1 CSMKA1 0 0 0 CSPR12 CSPR11 CSPR10
FFFFF134H | STICO STIFO STMKO 0 0 0 STPRO02 STPRO1 STPRO0O
FFFFF136H | CSIC2 CSIF2 CSMK2 |0 0 0 CSPR22 |CSPR21 | CSPR20
FFFFF138H |lICIC1™*" |IICIF1 IICMK1 0 0 0 IICPR12 IICPR11 IICPR10
FFFFF13AH | SERIC1 SERIF1 SERMK1 0 0 0 SERPR12 | SERPR11 | SERPR10
FFFFF13CH | CSIC3 CSIF3 CSMK3 |0 0 0 CSPR32 |CSPR31 |CSPR30
FFFFF13EH | STIC1 STIF1 STMK1 0 0 0 STPR12 |STPR11 | STPR10
FFFFF140H | CSIC4 CSIF4 CSMK4 |0 0 0 CSPR42 |CSPR41 |CSPR40
FFFFF142H |IEBIC1"** |IEBIF1 IEBMK1 0 0 0 IEBPR12 | IEBPR11 IEBPR10
FFFFF144H | IEBIC2""* | IEBIF2 IEBMK2 0 0 0 IEBPR22 | IEBPR21 IEBPR20
FFFFF146H | ADIC ADIF ADMK 0 0 0 ADPR2 ADPR1 ADPRO
FFFFF148H | DMAICO DMAIFO DMAMKO |0 0 0 DMAPR0O2 | DMAPRO1 | DMAPROO
FFFFF14AH |DMAIC1 |DMAIF1  |DMAMK1 |0 0 0 DMAPR12 | DMAPR11 | DMAPR10
FFFFF14CH | DMAIC2 |DMAIF2 |DMAMK2 |0 0 0 DMAPR22 | DMAPR21 | DMAPR20
FFFFF14EH |DMAIC3 |DMAIF3 |DMAMK3 |0 0 0 DMAPR32 | DMAPR31 | DMAPR30
FFFFF150H | DMAIC4 DMAIF4 DMAMK4 |0 0 0 DMAPR42 | DMAPR41 | DMAPR40
FFFFF152H | DMAIC5 DMAIF5 DMAMK5 |0 0 0 DMAPR52 | DMAPR51 | DMAPR50
FFFFF154H | WTNIC WTNIF WTNMK 0 0 0 WTNPR2 |WTNPR1 |[WTNPRO
FFFFF156H | KRIC KRIF KRMK 0 0 0 KRPR2  |KRPR1 KRPRO
Notes 1. Available only in the Y versions (products with on-chip I°C).
2. Available only in the V850/SB2.
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5.3.5 In-service priority register (ISPR)

This register holds the priority level of the maskable interrupt currently acknowledged. When an interrupt request
is acknowledged, the bit of this register corresponding to the priority level of that interrupt is set to 1 and remains set
while the interrupt is serviced.

When the RETI instruction is executed, the bit corresponding to the interrupt request having the highest priority is
automatically reset to 0 by hardware. However, it is not reset when execution is returned from non-maskable
processing or exception processing.

This register is read-only in 8-bit or 1-bit units.

Caution Read the ISPR register with interrupts disabled. When the ISPR register is read with interrupts
enabled, a normal value may not be read if the interrupt acknowledgment timing and the bit read
timing conflict.

After reset: 00H R Address: FFFFF166H
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
ISPR ISPR7 ISPR6 ISPR5 ISPR4 ISPR3 ISPR2 ISPR1 ISPRO
ISPRn Indicates priority of interrupt currently acknowledged
0 Interrupt request with priority n not acknowledged
1 Interrupt request with priority n acknowledged

Remark n: 0to 7 (priority level)
5.3.6 ID flag
The interrupt disable status flag (ID) of the PSW controls the enabling and disabling of maskable interrupt

requests. As a status flag, it also displays the current maskable interrupt acknowledgment status.

After reset: 00000020H

Symbol 31 8 7 6 5 4 3 2 1 0
PSW 0 NP |EP [ ID [SAT|CY|OV| S | Z
ID Specifies maskable interrupt servicing"™
0 Maskable interrupt acknowledgment enabled
1 Maskable interrupt acknowledgment disabled (pending)

Note Interrupt disable flag (ID) function
It is set to 1 by the DI instruction and reset to 0 by the El instruction. Its value is also modified by the RETI
instruction or LDSR instruction when referencing the PSW.
Non-maskable interrupt requests and exceptions are acknowledged regardless of this flag. When a
maskable interrupt is acknowledged, the ID flag is automatically set to 1 by hardware.
The interrupt request generated during the acknowledgment disabled period (ID = 1) can be acknowledged
when the xxIFn bit of xxICn is set to 1, and the ID flag is reset to 0.

Remark xx: ldentification name of each peripheral unit (refer to Table 5-2)
n: Number of each peripheral unit (refer to Table 5-2)
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5.3.7 Watchdog timer mode register (WDTM)
This register can be read/written in 8-bit or 1-bit units (for details, refer to CHAPTER 9 WATCHDOG TIMER).

After reset: 00H R/W Address: FFFFF384H
Symbol <7> 6 5 4 3 2 1 0
WDTM RUN 0 0 WDTM4 0 0 0 0
RUN Watchdog timer operation control
0 Count operation stopped
1 Count start after clearing
WDTM4 Timer mode selection/interrupt control by WDT
0 Interval timer mode
1 WDT mode

Caution If the RUN or WDTM4 bit is set to 1, it cannot be cleared other than by reset input.

5.3.8 Noise elimination

(1) Noise elimination of INTPO to INTP3 pins
The INTPO to INTP3 pins incorporate a noise eliminator that functions 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.
An edge is detected after a certain period has elapsed.

(2) Noise elimination of INTP4 and INTP5 pins
The INTP4 and INTP5 pins incorporate a digital noise eliminator. If the input level of the INTP pin is detected by
the sampling clock (fxx) and the same level is not detected three successive times, the input pulse is eliminated
as a noise. Note the following.

e If the input pulse width is between 2 and 3 clocks, whether the input pulse is detected as a valid edge or
eliminated as noise is undefined.

* To securely detect the valid edge, the same level input of 3 clocks or more is required.

* When noise is generated in synchronization with the sampling clock, this may not be recognized as noise. In
this case, eliminate the noise by adding a filter to the input pin.
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(3) Noise elimination of INTP6 pin

The INTP6 pin incorporates a digital noise eliminator. The sampling clock for digital sampling can be selected

from among fxx, fxx/64, fxx/128, fxx/256, fxx/512, fxx/1024, and fxr. Sampling is performed 3 times.

(a) Noise elimination control register (NCC)
The noise elimination control register (NCC) selects the clock to be used. Remote control signals can be

received effectively with this function.

fxt can be used for the noise elimination clock. In this case, the INTP6 external interrupt function is enabled
in the IDLE/STOP mode.
This register can be read/written in 8-bit or 1-bit units.

Caution

After the sampling clock has been changed, it takes 3 sampling clocks to initialize the
noise eliminator. For that reason, if an INTP6 valid edge was input within these 3 clocks,

an interrupt request may occur.

interrupt and DMA functions.

Therefore, be careful of the following when using the

e When using the interrupt function, after 3 sampling clocks have elapsed, enable

interrupts after the interrupt request flag (bit 7 of PIC6) has been cleared.

e When using the DMA function, after 3 sampling clocks have elapsed, enable DMA by
setting bit 0 of DCHCn.

After reset: 00H R/wW Address: FFFFF3D4H
7 6 5 4 3 2 1 0
NCC 0 0 0 0 0 NCS2 NCS1 NCSO0
NCS2 | NCS1 | NCSO Noise elimination Reliably eliminated noise width"*"
clock fxx = 20 MHZ"** fxx = 12.58 MHz
0 0 0 fxx 100 ns 158 ns
0 0 1 fxx/64 6.4 us 10.1 us
0 1 0 fxx/128 12.8 us 20.3 us
0 1 1 fxx/256 25.6 us 40.6 us
1 0 0 fxx/512 51.2 us 81.3 us
1 0 1 fxx/1024 102.4 us 162.7 us
1 1 0 Setting prohibited
1 1 1 fxt 61 us

Notes 1. Since sampling is preformed three times, the reliably eliminated noise width is 2 x noise elimination

clock.

2. Only in the V850/SB1.
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5.3.9 Edge detection function
The valid edges of the INTPO to INTP6 pins can be selected for each pin from the following four types.

¢ Rising edge

* Falling edge

* Both rising and falling edges
* Neither edge

The validity of the rising edge is controlled by rising edge specification register 0 (EGPO0), and the validity of the
falling edge is controlled by falling edge specification register 0 (EGNO0). Refer to 5.2.5 Edge detection function of
NMI pin for details of EGP0 and EGNO.

After reset, the valid edge of the NMI pin is set to the “detect neither rising nor falling edge” state. Therefore, the
NMI pin functions as a normal port and an interrupt request cannot be acknowledged, unless a valid edge is specified
by using the EGP0O and EGNO registers.

When using P01 to P07 as output ports, set the valid edges of INTPO to INTP6 to “detect neither rising nor falling
edge” or mask the interrupt request.
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5.4 Software Exceptions
A software exception is generated when the CPU executes the TRAP instruction, and can be always acknowledged.
¢ TRAP instruction format: TRAP vector (where vector is 0 to 1FH)
For details of the instruction function, refer to the V850 Series Architecture User’s Manual.

5.4.1 Operation
If a software exception occurs, the CPU performs the following processing, and transfers control to the handler
routine.

(1) Saves the restored PC to EIPC.

(2) Saves the current PSW to EIPSW.

(8) Writes an exception code to the lower 16 bits (EICC) of ECR (interrupt source).

(4) Sets the EP and ID bits of the PSW.

(5) Loads the handler address (00000040H or 00000050H) of the software exception routine in the PC, and
transfers control.

How a software exception is processed is shown below.

Figure 5-8. Software Exception Processing

- ( TRAP instruction )

EIPC -«— Restored PC
EIPSW  =— PSW
ECR.EICC =— Exception code

CPU processing

PSW.EP «—1
PSW.ID =1
PC -—Handler address

. . Handler address:
Exception processing 00000040H (Vector = OnH)
00000050H (Vector = 1nH)
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5.4.2 Restore

To restore or return execution from the software exception service routine, the RETI instruction is used.
Operation of RETI instruction

When the RETI instruction is executed, the CPU performs the following steps, and transfers control to the address
of the restored PC.

(1) Restores the restored PC and PSW from EIPC and EIPSW because the EP bit of the PSW is 1.
(2) Transfers control to the address of the restored PC and PSW.

The processing of the RETI instruction is shown below.

Figure 5-9. RETI Instruction Processing

( RETI instruction )

0
e
° i
PC ~—EIPC PC ~—FEPC
PSW -—EIPSW PSW -— FEPSW

( Original processing restored )

Caution When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction during the
software exception process, in order to restore the PC and PSW correctly during recovery by the
RETI instruction, it is necessary to set PSW.EP back to 1 using the LDSR instruction
immediately before the RETI instruction.

Remark The solid line shows the CPU processing flow.
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5.4.3 EP flag
The EP flag in the PSW is a status flag used to indicate that exception processing is in progress. It is set when an
exception occurs, and interrupts are disabled.

After reset: 00000020H

Symbol 31 8 7 6 5 4 3 2 1 0
PSW 0 NP |EP [ ID [SAT|CY|OV| S | Z
EP Exception processing
0 Exception processing is not in progress
1 Exception processing is in progress

5.5 Exception Trap

The exception trap is an interrupt that is requested when illegal execution of an instruction takes place. In the
V850/SB1 or V850/SB2, an illegal opcode exception (ILGOP: ILeGal OPcode trap) is considered as an exception
trap.

* lllegal opcode exception: Occurs if the sub opcode field of the instruction to be executed next is not a valid
opcode.

5.5.1 lllegal opcode definition
An illegal opcode is defined to be a 32-bit word with bits 5 to 10 being 111111B and bits 23 to 26 being 0011B to
1111B.

Figure 5-10. lllegal Opcode

15 13121110 5 4 0 31 27 26 23222120 1716

1 T T T 1. 1.1 1 1 1
0011

X X x|x x[{1 1111 1|x x X X X[X X X X X to X X|X X X X|X

1111

x: don’t care

5.5.2 Operation
If an exception trap occurs, the CPU performs the following processing, and transfers control to the handler
routine.

(1) Saves the restored PC to EIPC.

(2) Saves the current PSW to EIPSW.

(3) Writes an exception code (0060H) to the lower 16 bits (EICC) of ECR.

(4) Sets the EP and ID bits of the PSW.

(5) Loads the handler address (00000060H) for the exception trap routine to the PC, and transfers control.
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How the exception trap is processed is shown below.

Figure 5-11. Exception Trap Processing

— ( Exception trap (ILGOP) occurs )

EIPC -«— Restored PC
EIPSW -— PSW
ECR.EICC -— Exception code
PSW.EP -1

PSW.ID - 1

PC ~— 00000060H

( Exception processing )

CPU processing
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5.5.3 Restore
To restore or return execution from the exception trap, the RETI instruction is used.

Operation of 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) Restores the restored PC and PSW from EIPC and EIPSW because the EP bit of the PSW is 1.
(2) Transfers control to the address of the restored PC and PSW.

The processing of the RETI instruction is shown below.

Figure 5-12. RETI Instruction Processing

< RET]I instruction >

0
e =
;io |
PC -—EIPC PC -—FEPC
PSW -— EIPSW PSW -— FEPSW

( Jump to PC >

Caution When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction during the
exception trap process, in order to restore the PC and PSW correctly during recovery by the
RETI instruction, it is necessary to set PSW.EP back to 1 using the LDSR instruction
immediately before the RETI instruction.

Remark The solid line shows the CPU processing flow.
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5.6 Priority Control
5.6.1 Priorities of interrupts and exceptions

Table 5-3. Priorities of Interrupts and Exceptions

RESET NMI INT TRAP ILGOP
RESET * * * *
NMI X — — “—
INT X T “— «—
TRAP x T T «
ILGOP X T T T

RESET: Reset

NMI: Non-maskable interrupt
INT: Maskable interrupt
TRAP: Software exception
ILGOP: lllegal opcode exception

*: The item on the left ignores the item above.

X: The item on the left is ignored by the item above.

T The item above is higher than the item on the left in priority.
«—: The item on the left is higher than the item above in priority.

5.6.2 Multiple interrupt servicing

Multiple interrupt servicing is a function that allows the nesting of interrupts. If a higher priority interrupt is
generated and acknowledged, it will be allowed to stop a current interrupt service routine in progress. Execution of
the original routine will resume once the higher priority interrupt routine is completed.

If an interrupt with a lower or equal priority is generated and a service routine is currently in progress, the later
interrupt will be held pending.

Multiple interrupt servicing control is performed in the interrupt enabled state (ID = 0). Even in an interrupt
servicing routine, this control must be set in the interrupt enabled state (ID = 0). If a maskable interrupt is
acknowledged or exception is generated during a service program of a maskable interrupt or exception, EIPC and
EIPSW must be saved.

The following example shows the procedure of interrupt nesting.
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(1) To acknowledge maskable interrupts in service program

Service program of maskable interrupt or exception

» Save EIPC to memory or register
* Save EIPSW to memory or register
* El instruction (enables interrupt

acknowledgment)
« Acknowledgment interrupt such as INTP input.

* Dl instruction (disables interrupt
acknowledgment)

* Restore saved value to EIPSW

* Restore saved value to EIPC

e RETI instruction

(2) To generate exception in service program

Service program of maskable interrupt or exception

» Save EIPC to memory or register

* Save EIPSW to memory or register

* El instruction (enables interrupt
acknowledgment)

« Acknowledgment exception such as TRAP instruction.

* TRAP instruction « Acknowledgment exception such as illegal opcode.
* lllegal opcode

¢ Restore saved value to EIPSW
¢ Restore saved value to EIPC
¢ RETI instruction
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Priorities 0 to 7 (0 is the highest) can be programmed for each maskable interrupt request for multiple interrupt
servicing control. To set a priority level, write values to the xxPRnO to xxPRn2 bits of the interrupt request control
register (xxICn) corresponding to each maskable interrupt request. At reset, the interrupt request is masked by the
xXMKn bit, and the priority level is set to 7 by the xxPRnO to xxPRn2 bits.

* Remark xx: Identification name of each peripheral unit (refer to Table 5-2)
n: Number of each peripheral unit (refer to Table 5-2)

Priorities of maskable interrupts
(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 is resumed after the interrupt
servicing of the higher priority has been completed and the RETI instruction has been executed.
A pending interrupt request is acknowledged after the current interrupt servicing has been completed and the

RETI instruction has been executed.

Caution In the non-maskable interrupt servicing routine (time until the RETI instruction is executed),
maskable interrupts are not acknowledged but are suspended.
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5.7 Interrupt Latency Time

The following table describes the interrupt latency time (from interrupt request generation to start of interrupt

servicing).

Figure 5-13. Pipeline Operation at Interrupt Request Acknowledgment

7 to 14 system clocks

|~-4 system clocks —|

System clock |||||||‘|||||||||||||||||||||||||||
Interrupt request I

Instruction 1
Instruction 2
Instruction 3

Interrupt acknowledgment operation

| IF | D | Ex [MEM WB

IFX | IDX
IFX

INT1|INT2[INTS[INT4

Instruction (start instruction of IF | ID | Ex |MEM| wB]
interrupt servicing routine)
INT1 to INT4: Interrupt acknowledgment processing
IFx: Invalid instruction fetch
IDx: Invalid instruction decode
Interrupt Latency Time (System Clock) Condition
Internal interrupt External interrupt
Minimum 11 13 Time to eliminate noise (2 system clocks) is also necessary
for external interrupts, except when:
Maximum 18 20

* InIDLE/STOP mode

e External bus is accessed

e Two or more interrupt request non-sample instructions

are executed in succession

*  Aninterrupt control register is accessed

5.8 Periods in Which Interrupt Is Not Acknowledged

An interrupt is acknowledged while an instruction is being executed. However, no interrupt will be acknowledged

between an interrupt request non-sample instruction and the next instruction.

Interrupt request non-sample instruction
* Elinstruction
¢ Dl instruction
* LDSR reg2, 0x5 instruction (vs. PSW)
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* 5.8.1 Interrupt request valid timing after El instruction

When an interrupt request signal is generated (IF flag = 1) in the status in which the DI instruction is executed
(interrupts disabled) and interrupts are not masked (MK flag = 0), seven system clocks are required from the
execution of the El instruction (interrupts enabled) to the interrupt request acknowledgment by the CPU. The CPU
does not acknowledge interrupt requests if the DI instruction (interrupts disabled) is executed during the seven

system clocks.

Therefore, seven system clocks worth of instruction execution clocks must be inserted after the El instruction
(interrupts enabled). However, under the following conditions, interrupt requests cannot be acknowledged even if the

seven system clocks are secured, so securing under the following conditions is prohibited.

¢ In IDLE/STOP mode
¢ An interrupt request non-sampling instruction (instruction to manipulate the PSW.ID bit) is executed
¢ An interrupt request control register (xxICn) is accessed

The following shows an example of program processing.

[Program processing example]

DI

EI
NOP
NOP
NOP
NOP
JR

LP1
DI

; (MK flag = 0)

; < Interrupt request occurs (IF flag = 1)

;1
1
1
1
3

LP1 ;

EI instruction executed

system clock
system clock
system clock Note
system clock

system clocks (branch to LP1 routine)

LPI routine

; After EI instruction execution, NOP instruction is

executed four times, and DI instruction is executed at the

eighth clock by JR instruction

Note Do not execute the DI instruction (PSW.ID = 1) during this period.

Remarks 1. In this example, the DI instruction is executed at the eighth clock after execution of the El
instruction, so the CPU acknowledges an interrupt request signal and performs interrupt servicing.

The interrupt servicing routine instructions are not executed at the eighth clock after the El
instruction execution. The interrupt servicing routine instructions are executed four system clocks

178

after the CPU acknowledges the interrupt request signal.

This example shows the case in which an interrupt request signal is generated (IF flag = 1) before
the El instruction is executed. If an interrupt request signal is generated after the El instruction is
executed, the CPU does not acknowledge the interrupt request signal if interrupts are disabled

(PSW.ID = 1) for seven clocks after the IF flag is set (1).
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Figure 5-14. Pipeline Flow and Interrupt Request Signal Generation Timing

(a) When Dl instruction is executed at eighth clock after El instruction execution
(interrupt request is acknowledged)

e [ F D | EX [ MEM | WB |
Nop | IF ID EX : MEM : WB
NOP IF ID EX i MEM: WB
NOP | IF D | EX ! MEM i WB i
NOP | IF ID .
NoP [_IF EX i MEM i we i
NOP EX P MEM: WB i
EX : MEM : WB |
DI IF D | EX | MEM : wB !
ei signal |
intrq signal

intrq signal is generated

(b) When DI instruction is executed at seventh clock after El instruction execution
(interrupt request is not acknowledged)

e [ F [ o [ ex [wem:ws i
nop [ F | o | Ex iwmeM i ws
Nop | IF | 1D | EX :MEM: wB :
NOP | IF D | EX I MEM: WB !
NOP | IF ID EX i MEM | WB i
NOP | IF ID EX : MEM : WB :

NOP | IF D EX ! MEM : WB |
DI IF D | Ex |MEM_'WB

ei signal |

intrq signal

intrg signal is not generated

5.9 Interrupt Control Register Bit Manipulation Instructions During DMA Transfer

To manipulate the bits of the interrupt control register (xxICn) in the El state when using the DMA function,
execute the DI instruction before manipulation and El instruction after manipulation. Alternatively, clear (0) the xxIF
bit at the start of the interrupt servicing routine.

When not using the DMA function, these manipulations are not necessary.

Remark xx: Peripheral unit identification name (see Table 5-2)
N: Peripheral unit number (see Table 5-2)
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5.10 Key Interrupt Function

Key interrupts can be generated by inputting a falling edge to the key input pins (KRO to KR7) by setting the key
return mode register (KRM). The key return mode register (KRM) includes 5 bits. The KRMO bit controls the KRO to
KR3 signals in 4-bit units and the KRM4 to KRM7 bits control corresponding signals from KR4 to KR7 (arbitrary
setting from 4 to 8 bits is possible).

This register can be read/written in 8-bit or 1-bit units.

(1) Key return mode register (KRM)

After reset:

KRM

Caution

180

O00H R/W Address: FFFFF3DOH
<7> <6> <5> <4> 3 2 1 <0>
KRM7 KRM6 KRM5 KRM4 0 0 0 KRMO
KRMn Key return mode control
0 Do not detect key return signal
1 Detect key return signal

If the key return mode register (KRM) is changed, an interrupt request flag may be set. To avoid
setting this flag, change the KRM register after disabling interrupts, and then enable interrupts
after clearing the interrupt request flag.

Table 5-4. Description of Key Return Detection Pin

Flag Pin Description
KRMO Controls KRO to KR3 signals in 4-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
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KR7

KR6

KR5

KR4

KR3

KR2

KR1

KRO

Figure 5-15. Key Return Block Diagram

INTKR

9950000¢

[krRM7|KRM6|KRMS|KRM4] 0 | 0 | 0 |KRMO|
Key return mode register (KRM)
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6.1 Outline

The clock generator is a circuit that generates the clock pulses that are supplied to the CPU and peripheral

hardware. There are two types of clock oscillators.

(1)

)

18

Main clock oscillator

The oscillator of V850/SB1 has an oscillation frequency of 2 to 20 MHz. The oscillator of the A and B versions of
the V850/SB2 has an oscillation frequency of 2 to 12.58 MHz and the oscillator of the H version of the V850/SB2
has an oscillation frequency of 2 to 19 MHz. Oscillation can be stopped by executing a STOP instruction or by
setting the processor clock control register (PCC). Oscillation is also stopped during a reset.

In IDLE mode, supplying the peripheral clock to the clock timer only is possible. Therefore, in IDLE mode, it is
possible to operate the clock timer without using the subclock oscillator.

Cautions 1. When the main oscillator is stopped by inputting a reset or executing a STOP instruction,
the oscillation stabilization time is secured after the stop mode is released. This
oscillation stabilization time is set via the oscillation stabilization time selection register
(OSTS). The watchdog timer is used as the timer that counts the oscillation stabilization
time.

2. If the main clock halt is released by clearing MCK to 0 after the main clock is stopped by
setting the MCK bit in the PCC register to 1, the oscillation stabilization time is not
secured.

Subclock oscillator

This circuit has an oscillation frequency of 32.768 kHz. Its oscillation is not stopped when the STOP instruction
is executed, neither is it stopped when a reset is input.

When the subclock oscillator is not used, the FRC bit in the processor clock control register (PCC) can be set to
disable use of the internal feedback resistor. This enables the current consumption to be kept low in the STOP
mode.

2 User’'s Manual U13850EJ6VOUD



CHAPTER 6 CLOCK GENERATION FUNCTION

6.2 Configuration

FRC

!

XT1 O—>
XT2 O—

Subclock
oscillator

Figure 6-1. Clock Generator

. Clock supplied to

X1 0—»

X2 O—

Main clock
oscillator

!

STP,
MCK

T

—»

» watch timer, etc.

-

IDLE » IDLE
control
Y
IDLE » Prescaler
control| |fxx fur
fxx/2 | fxx/4 |fxx/8

Selector

CK2 to CKO
HALT
HALT CPU clock
>
control (feru)

Prescaler

. Clock supplied to

CLKOUT O«

6.3 Clock Output Function

This function outputs the CPU clock via the CLKOUT pin.
When clock output is enabled, the CPU clock is output via the CLKOUT pin. When it is disabled, a low-level signal

is output via the CLKOUT pin.

Output is stopped in the IDLE or STOP mode (fixed to low level).
This function is controlled via the DCLK1 and DCLKO bits in the power save control register (PSC).
The high-impedance status is set during the reset period. After reset is released, a low level is output.

" peripheral hardware

Caution While CLKOUT is being output, do not change the CPU clock (CK2 to CKO bits of processor
clock control register (PCC)).
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6.3.1 Control registers

(1) Processor clock control register (PCC)
This is a specific register. It can be written to only when a specified combination of sequences is used (see 3.4.9
Specific registers). This register can be read/written in 8-bit or 1-bit units.

After

PCC

184

reset: 0O3H R/W Address: FFFFF074H
<7> <6> 5 4 3 <2> 1 0
FRC MCK 0 0 0 CK2 CK1 CKO
FRC Selection of internal feedback resistor for subclock
0 Use
1 Do not use
MCK Operation of main clock (main clock)
0 Operating
1 Stopped
CK2Morest2 CK1 CKo Selection of CPU clock
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 X X fxt (subclock)

Notes 1. If manipulating CK2, do so in 1-bit units.

In the case of 8-bit manipulation, do not change the

values of CK1 and CKO.
2. When the CPU operates on the subclock (CK2 = 1), do not set the HALT or software STOP mode.

Cautions 1.

Remark X:

While CLKOUT is being output, do not change the CPU clock (the value of the CK2 to CK0
in the PCC register).

. Even if the MCK bit is set to 1 during main clock operation, the main clock is not stopped.

The CPU clock stops after the subclock is selected.

. Be sure to set bits 3to 5to 0.

don’t care
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(a) Example of main clock operation — subclock operation setup
<1> CK2 « 1: Bit manipulation instructions are recommended. Do not change CK1 and CKO.
<2> Subclock operation:  The maximum number of the following instructions is required before subclock
operation after the CK2 bit is set.
(CPU clock frequency before setting / subclock frequency) x 2
Therefore, insert the wait described above using a program.
<3> MCK « 1: Only when the main clock is stopped.

(b) Example of subclock operation — main clock operation setup
<1> MCK « 0: Main clock oscillation start
<2> Insert a wait using a program and wait until the main clock oscillation stabilization time elapses.
<3> CK2 « 0: Bit manipulation instructions are recommended. Do not change CK1 and CKO.
<4> Main clock operation: At most two instructions are required before main clock operation after the CK2
bit is set.
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(2) Power save control register (PSC)
This is a specific register. It can be written to only when a specified combination of sequences is used.
For details, see 3.4.9 Specific registers.
This register can be read/written in 8-bit or 1-bit units.

After reset: COH R/wW Address: FFFFFO70H
7 6 5 4 3 <2> <1>
PSC DCLK1 DCLKO 0 0 0 IDLE STP
DCLKA1 DCLKO Specification of CLKOUT pin’s operation
0 0 Output enabled
0 1 Setting prohibited
1 0 Setting prohibited
1 1 Output disabled (when reset)
IDLE IDLE mode setting
0 Normal mode
1 IDLE mode"*’
STP STOP mode setting
0 Normal mode
1 STOP mode"™**

Notes 1. When IDLE mode is released, this bit is automatically reset to 0.
2. When STOP mode is released, this bit is automatically reset to 0.

Caution The DCLKO and DCLK1 bits should be manipulated in 8-bit units.
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(3) Oscillation stabilization time selection register (OSTS)

This register can be read/written in 8-bit units.

After reset:

OSTS

04H R/W Address: FFFFF380H
7 6 5 4 2 1 0
0 0 0 0 OSTS2 OSTSH OSTSO0
OSTS2 OSTSH1 OSTS0 Selection of oscillation stabilization time
Clock fxx
20 MHZz"" 12.58 MHz
0 0 0 2"/fxx 819.2 us 1.3 ms
0 0 1 2"/fxx 3.3 ms 5.2 ms
0 1 0 2" [fxx 6.6 ms 10.4 ms
0 1 1 2%/fxx 13.1 ms 20.8 ms
1 0 0 2"/fxx 26.2 ms 41.6 ms

Other than above

Setting prohibited

Note Only in the V850/SB1.
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6.4 Power Save Functions

6.4.1 Outline

This product provides the following power saving functions.
These modes can be combined and switched to suit the target application, which enables effective implementation

of low-power systems.

1

)

@)

(4)

HALT mode

When in this mode, the clock’s oscillator continues to operate but the CPU’s operating clock is stopped. A clock
continues to be supplied for other on-chip peripheral functions to maintain operation of those functions. This
enables the system’s total power consumption to be reduced.

A dedicated instruction (the HALT instruction) is used to switch to HALT mode.

IDLE mode

This mode stops the entire system by stopping the CPU’s operating clock as well as the operating clock for on-
chip peripheral functions while the clock oscillator is still operating. However, the subclock continues to operate
and supplies a clock to the on-chip peripheral functions.

When this mode is released, there is no need for the oscillator to wait for the oscillation stabilization time, so
normal operation can be resumed quickly.

When the IDLE bit of the power saving control register (PSC) is set to 1, the system switches to IDLE mode.

Software STOP mode

This mode stops the entire system by stopping the main clock oscillator. The subclock continues to be supplied
to keep on-chip peripheral functions operating. If a subclock is not used, ultra low power consumption mode
(leak current only) is set. STOP mode setting is prohibited if the CPU is operating via the subclock.

If the STP bit of the PSC register is set to 1, the system enters STOP mode.

Subclock operation

In this mode, the CPU clock is set to operate using the subclock and the MCK bit of the PCC register is set to 1
to set low power consumption mode in which the entire system operates using only the subclock.

When IDLE mode is set, the CPU’s operating clock and some peripheral functions (DMAC and BCU) are
stopped, so that power consumption can be reduced even more than in HALT mode.
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6.4.2 HALT mode

(1)

)

Settings and operating states

In this mode, the clock’s oscillator continues to operate but the CPU’s operating clock is stopped. A clock
continues to be supplied for other on-chip peripheral functions to maintain operation of those functions. When
HALT mode is set while the CPU is idle, it enables the system’s total power consumption to be reduced.

In HALT mode, execution of programs is stopped but the contents of all registers and on-chip RAM are retained
as they were just before HALT mode was set. In addition, all on-chip peripheral functions that do not depend on
instruction processing by the CPU continue operating.

HALT mode can be set by executing the HALT instruction. It can be set when the CPU is operating on the main
clock.

The operating statuses in the HALT mode are listed in Table 6-1.

Release of HALT mode
HALT mode can be released by an NMI request, an unmasked maskable interrupt request, or RESET input.

(a) Release by interrupt request
HALT mode is released regardless of the priority level when an NMI request or an unmasked maskable
interrupt request occurs. However, the following occurs if HALT mode was set as part of an interrupt
servicing routine.

(i) Only HALT mode is released when an interrupt request that has a lower priority level than the interrupt
currently being serviced occurs, and the lower-priority interrupt request is not acknowledged. The

interrupt request itself is retained.

(ii) When an interrupt request (including NMI request) that has a higher priority level than the interrupt
currently being serviced occurs, HALT mode is canceled and the interrupt request is acknowledged.

(b) Release by RESET pin input
This is the same as for normal reset operations.
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Table 6-1. Operating Statuses in HALT Mode (1/2)

ALT Mode Setting When CPU Operates with Main Clock
Item When Subclock Does Not Exist When Subclock Exists
CPU Stopped
ROM correction Stopped

Clock generator

Oscillation for main clock and subclock
Clock supply to CPU is stopped

16-bit timer (TMO) Operating
16-bit timer (TM1) Operating
8-bit timer (TM2) Operating
8-bit timer (TM3) Operating
8-bit timer (TM4) Operating
8-bit timer (TM5) Operating
8-bit timer (TM6) Operating
8-bit timer (TM7) Operating
Watch timer Operates when main clock is selected for Operating
count clock

Watchdog timer Operating (interval timer only)
Serial interface | CSIO to Operating

CSI3

Fco™*, Operating

(N} b

UARTO, Operating

UART1

CSl4 Operating
IEBus (V850/SB2 only) Operating
A/D converter Operating
DMAO to DMA5 Operating
Real-time output Operating

Note Available only in the Y versions (products with on-chip I°C).
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Table 6-1. Operating Statuses in HALT Mode (2/2)

HALT Mode Setting When CPU Operates with Main Clock

Item When Subclock Does Not Exist When Subclock Exists
Port function Held
External bus interface Only bus hold function operates
External NMI Operating
Interrupt 1 \NTPO to INTP3 | Operating
request

INTP4 and INTP5 | Operating

INTP6 Operating
Key return function Operating

Note

In external | ADO to AD15 High impedance
expansion
mode

A16 to A21 Held"* (high impedance when HLDAK = 0)

LBEN, UBEN Held"* (high impedance when HLDAK = 0)

R/W High level output™* (high impedance when HLDAK = 0)
DSTB, WRL,

WRH, RD

ASTB

HLDAK Operating

Note Even when the HALT instruction has been executed, the instruction fetch operation continues until the
on-chip instruction prefetch queue becomes full. Once it is full, operation stops according to the status
shown in Table 6-1.
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6.4.3 IDLE mode

(1) Settings and operating states
This mode stops the entire system except the watch timer by stopping the on-chip main clock supply while the
clock oscillator is still operating. Supply to the subclock continues. When this mode is released, there is no need
for the oscillator to wait for the oscillation stabilization time, so normal operation can be resumed quickly.
In IDLE mode, program execution is stopped and the contents of all registers and internal RAM are retained as
they were just before IDLE mode was set. In addition, on-chip peripheral functions are stopped (except for
peripheral functions that are operating with the subclock). External bus hold requests (WRQ) are not
acknowledged.
When the IDLE bit of the power saving control register (PSC) is set to 1, the system switches to IDLE mode.
The operating statuses in IDLE mode are listed in Table 6-2.

(2) Release of IDLE mode
IDLE mode can be released by a non-maskable interrupt, an unmasked interrupt request, or RESET input.

Table 6-2. Operating Statuses in IDLE Mode (1/2)

LE Mode Settings When Subclock Exists When Subclock Does Not Exist
Item
CPU Stopped
ROM correction Stopped
Clock generator Both main clock and subclock oscillator
Clock supply to CPU and on-chip peripheral functions is stopped
16-bit timer (TMO) Operates when INTWTNI is selected as count Stopped
clock (fxr is selected for watch timer)
16-bit timer (TM1) Stopped
8-bit timer (TM2) Stopped
8-bit timer (TM3) Stopped
8-bit timer (TM4) Operates when fxt is selected for count clock Stopped
8-bit timer (TM5) Operates when fxt is selected for count clock Stopped
8-bit timer (TM6) Operates when TOO is selected as count clock (however, only when TMO is operating)
8-bit timer (TM7) Operates when TOO is selected as count clock (however, only when TMO is operating)
Watch timer Operating
Watchdog timer Stopped
Serial CSI0 to CSI3 Operates when an external clock is selected as the serial clock

interface IZC()Note’ [2CqNe Stopped

UARTO, UART1| Operates when an external clock is selected as the baud-rate clock (transmit only)

CSl4 Operates when an external clock is selected as the serial clock
IEBus (V850/SB2 only) Stopped
A/D converter Stopped
DMAO to DMA5 Stopped
Real-time output Operates when INTTM4 or INTTM5 is Stopped

selected (when TM4 or TM5 is operating)

Port function Held

Note Available only in the Y versions (products with on-chip I°C).
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Table 6-2. Operating Statuses in IDLE Mode (2/2)

IDLE Mode Settings When Subclock Exists When Subclock Does Not Exist
ltem
External bus interface Stopped
External NMI Operating
NUpt | |NTPO to INTP3| Operating
request
INTP4 and INTP5| Stopped
INTP6 Operates when fxr is selected for sampling Stopped
clock
Key return Operating
In external | ADO to AD15 High impedance
expansion | ayg 1o A21
mode —
LBEN, UBEN
R/W
DSTB, WRL,
WRH, RD
ASTB
HLDAK
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6.4.4 Software STOP mode

(1)

Settings and operating states

This mode stops the entire system by stopping the main clock oscillator to stop supplying the internal main clock.
The subclock oscillator continues operating and the on-chip subclock supply is continued. When the FRC bit in
the processor clock control register (PCC) is set to 1, the subclock oscillator's on-chip feedback resistor is cut.
This sets ultra low power consumption mode in which the only current is the device’s leak current.

In this mode, program execution is stopped and the contents of all registers and internal RAM are retained as
they were just before software STOP mode was set. On-chip peripheral functions also stop operating (peripheral

functions operating on the subclock are not stopped).
External bus hold requests (HLDRQ) are not acknowledged.

This mode can be set only when the main clock is being used as the CPU clock. This mode is set when the STP

bit in the power save control register (PSC) has been set to 1.
Do not set this mode when the subclock has been selected as the CPU clock.
The operating statuses for software STOP mode are listed in Table 6-3.

()

Software STOP mode can be released by an non-maskable interrupt, an unmasked interrupt request, or RESET

input.

Release of software STOP mode

When the STOP mode is released, the oscillation stabilization time is secured.

Table 6-3. Operating Statuses in Software STOP Mode (1/2)

STOP Mode When Subclock Exists When Subclock Does Not Exist
Settinas
Iltem
CPU Stopped
ROM correction Stopped

Clock generator

Oscillation for main clock is stopped and oscillation for subclock continues
Clock supply to CPU and on-chip peripheral functions is stopped

16-bit timer (TMO) Operates when INTWTNI is selected for count Stopped
clock (fxr is selected as count clock for watch
timer)
16-bit timer (TM1) Stopped
8-bit timer (TM2) Stopped
8-bit timer (TM3) Stopped
8-bit timer (TM4) Operates when fxt is selected for count clock Stopped
8-bit timer (TM5) Operates when fxt is selected for count clock Stopped (operation disabled)
8-bit timer (TM6) Operates when TOO is selected as count clock (however, only when TMO is operating)
8-bit timer (TM7) Operates when TOO is selected as count clock (however, only when TMO is operating)
Watch timer Operates when fxr is selected for count clock Stopped
Watchdog timer Stopped
Serial CSI0 to CSI3 Operates when an external clock is selected as the serial clock
interface | 2co™* PC1™*° | Stopped

UARTO, UART1

Operates when an external clock is selected as the baud-rate clock (transmit only)

CSl4

Operates when an external clock is selected as the serial clock

IEBus (V850/SB2 only)

Stopped

A/D converter

Stopped

Note Available only in the Y versions (products with on-chip I°C).

194

User's Manual U13850EJ6VOUD




CHAPTER 6 CLOCK GENERATION FUNCTION

Table 6-3. Operating Statuses in Software STOP Mode (2/2)

Mode Settings

When Subclock Exists

When Subclock Does Not Exist

ltem
DMAO to DMA5 Stopped
Real-time output Operates when INTTM4 or INTTM5 has been Stopped
selected (when TM4 or TM5 is operating)
Port function Held
External bus interface Stopped
External | NMI Operating
INterMuPt | |NTPO to INTP3 | Operating
request
INTP4 and INTP5 | Stopped
INTP6 Operates when fx1 is selected for the noise Stopped
eliminator
Key return Operating
In external | ADO to AD15 High impedance
expansion A16 to A21
mode
LBEN, UBEN
RW
DSTB, WRL,
WRH, RD
ASTB
HLDAK
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6.5 Oscillation Stabilization Time

The following shows the methods for specifying the length of the oscillation stabilization time required to stabilize
the oscillator following release of STOP mode.

(1) Release by non-maskable interrupt or by unmasked interrupt request
STOP mode is released by a non-maskable interrupt or an unmasked interrupt request. When an interrupt is
input, the counter (watchdog timer) starts counting and the count time is the length of time that must elapse for
stabilization of the oscillator’s clock output.
The oscillation stabilization time is set by the oscillation stabilization time select register (OSTS).

Oscillation stabilization time = WDT count time

After the specified amount of time has elapsed, system clock output starts and processing branches to the
interrupt handler address.

Figure 6-2. Oscillation Stabilization Time

STOP mode is set

Main clock _I_LI_LI_l
(( [ (

)] 1]

STOP status ("

1)

Interrupt input (( (

)] 1)

— oy ——

Oscillator is stopped Oscillation stabilization time count

(2) Use of RESET pin to secure time (RESET pin input)
For securing time with the RESET pin, refer to CHAPTER 15 RESET FUNCTION.
The oscillation stabilization time is 2'/fxx according to the value of the OSTS register after reset.
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6.6 Notes on Power Save Function

(1) While an instruction is being executed on internal ROM
To set the power save mode (IDLE mode or STOP mode) while an instruction is being executed on the internal
ROM, insert a NOP instruction as a dummy instruction to correctly execute the routine after releasing the power
save mode.
The following shows the sequence of setting the power save mode.

<1> Disable DMA operation.

<2> Disable interrupts (set NP bit of PSW register to 1).

<3> Write 8-bit data to the command register (PRCMD).

<4> Write setting data to the power save control register (PSC) (using the following instructions).
e Store instruction (ST/SST instruction)
¢ Bit manipulation instruction (SET1/CLR1/NOT1 instruction)

<5> Clear the interrupt disabled state (re-set the NP bit of the PSW register to 0).

<6> Insert NOP instructions (2 or 5 instructions).

<7> |f DMA operation is necessary, enable DMA operation.

Cautions 1. Insert two NOP instructions if the ID bit value of the PSW is not changed by the execution of
the instruction that clears the NP bit to 0 (<5>), and insert five NOP instructions (<6>) if it is
changed.

The following shows a description example.

[Description example] : When using PSC register

LDSR rX.5 ; NP bit =1

ST.B r0, PRCMD[r0] ; Write to PRCMD

ST.B rD, RSCI[ro0] ; PSC register setting

LDSR rY, 5 ; NP bit = 0

NOP ; Dummy instructions (2 or 5 instructions)

NOP

(next instruction) ; Execution routine after releasing IDLE/STOP mode

Remark The above example assumes that rD (PSC set value), rX (value to be written to PSW),
and rY (value rewritten to PSW) are already set.

When saving the PSW value, transfer the PSW value before setting the NP bit to the rY
register.

2. The instructions (<5> interrupt disable clear, <6> NOP instruction) following the store
instruction (<4>) to the PSC register for setting the IDLE mode and STOP mode are executed
before entering the power save mode.
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While an instruction is being executed on external ROM
If the V850/SB1 or V850/SB2 is used under the following conditions, the address indicated by the program

counter (PC) differs from the address that actually reads an instruction after the power save mode has been
released.

Of the instructions 4 to 16 bytes after the instruction that writes data to the PSC register, the CPU may ignore 4
or 8 bytes of the instruction and execute wrong instructions.

Caution A PC discrepancy occurs only when all the conditions (i) to (iii) in [Conditions] below are met.
It does not occur if even one condition is not met.

[Conditions]

(i) If the power save mode (IDLE or STOP mode) is set while an instruction is being executed on the external
ROM

(ii) If the power save mode is released by an interrupt request

(iii) If the subsequent instruction is executed while an interrupt request is being held pending after the power
save mode has been released

Conditions in which an interrupt request is held pending:

o [f the NP flag of the PSW register is “1” (during NMI servicing/set by software)

o |If the ID flag of the PSW register is “1” (during interrupt request servicing/DI instruction/set by software)

o |f the power save mode is released by an interrupt request with a priority the same as or lower than the
interrupt request being serviced even though interrupts are enabled (El status)

Therefore, use the V850/SB1 and V850/SB2 under the following conditions:
[Conditions]

(i) Do not use a power save mode (IDLE or STOP mode) while an instruction is being executed on the external
ROM

(i) Take the following measures using software if a power save mode is used while an instruction is being
executed on the external ROM:

¢ Insert six NOP instructions 4 bytes after the instruction that writes data to the PSC register.

e Insert the BR $+2 instruction to eliminate the discrepancy in the address of the PC after the NOP
instructions.
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[Example of prevention program]

LDSR rx, 5 ; Sets value of rX to PSW.
ST.B r0, PRCMD[r0] ; Writes data to PRCMD.

ST.B rD, PSC[r0] ; Sets PSC register.

LDSR rY, 5 ; Returns value of PSW.

NOP ; Six NOP instructions or more
NOP

NOP

NOP

NOP

BR S$+2 ; Eliminates discrepancy of PC

Remark It is assumed that the following values have already been set:
rD: PSC set value, rX: Value written to PSW, rY: Value written back to PSW
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7.1 16-Bit Timer (TMO, TM1)

711

Outline
16-bit capture/compare registers: 2 (CRn0, CRn1)
Independent capture/trigger inputs: 2 (TInO, TIn1)
Support of output of capture/match interrupt request signals (INTTMnO, INTTMn1)
Event input (shared with TIn0) via digital noise eliminator and support of edge specification
Timer output operated by match detection: 1 each (TOn)
When using the P34/TO0 and P35/TO1 pins as TOO and TO1 (timer outputs), set the value of port 3 (P3) to 0
(port mode output) and the port 3 mode register (PM3) to 0. The logical sum (ORed) value of the output of the
port and the timer is output.

Remark n=0,1

7.1.2 Function
TMO and TM1 have the following functions.

Interval timer

PPG output

Pulse width measurement
External event counter
Square wave output
One-shot pulse output

Figure 7-1 shows the block diagram.
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Figure 7-1. Block Diagram of TMO and TM1
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Remark n=0, 1

Interval timer
Generates an interrupt at predetermined time intervals.

PPG output
Can output a square wave whose frequency and output-pulse width can be changed arbitrarily.

Pulse width measurement
Can measure the pulse width of a signal input from an external source.

External event counter
Can measure the number of pulses of a signal input from an external source.

Square wave output
Can output a square wave of any frequency.

One-shot pulse output
Can output a one-shot pulse with any output pulse width.
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7.1.3 Configuration
Timers 0 and 1 include the following hardware.

Table 7-1. Configuration of Timers 0 and 1

Item Configuration
Timer registers 16 bits x 2 (TMO0, TM1)
Registers 16-bit capture/compare registers: 16 bits x 2 each (CRn0, CRn1)
Timer outputs 2 (TOO0, TO1)
Control registers 16-bit timer mode control registers 0, 1 (TMCO, TMC1)

Capture/compare control registers 0, 1 (CRCO, CRC1)
16-bit timer output control registers 0, 1 (TOCO, TOC1)

Prescaler mode registers n0, n1 (PRMn0, PRMn1)

(1) 16-bit timer registers 0, 1 (TMO, TM1)
TMn 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. If the count value is read
during operation, input of the count clock is temporarily stopped, and the count value at that point is read. The
count value is reset to 0000H in the following cases.

<1> AtRESET input

<2> |f TMCn3 and TMCn2 are cleared

<3> If the valid edge of TInO is input in the clear & start mode entered by inputting the valid edge of TInO
<4> If TMn and CRn0 match in the clear & start mode entered upon a match between TMn and CRn0
<5> If OSPTn is set or if the valid edge of TInO is input in the one-shot pulse output mode
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(2) 16-bit capture/compare registers n0 (CR00, CR10)
CRnO is a 16-bit register that functions as a capture register and as a compare register. Whether this register
functions as a capture or compare register is specified by using the CRCnO bit of the CRCn register.

(a) When using CRn0 as compare register
The value set to CRn0 is always compared with the count value of the TMn register. When the values of the
two match, an interrupt request (INTTMnO) is generated. When TMn is used as an interval timer, CRnO can
also be used as a register that holds the interval time.

(b) When using CRn0 as capture register
The valid edge of the TInO or TIn1 pin can be selected as a capture trigger. The valid edge of TInO or TIn1 is
set by using the PRMnO register.
When the valid edge of the TInO pin is specified as the capture trigger, refer to Table 7-2. When the valid
edge of the TIn1 pin is specified as the capture trigger, refer to Table 7-3.

Table 7-2. Valid Edge of TInO Pin and Capture Trigger of CRn0

ESn01 ESn00 Valid Edge of TInO Pin CRnNO Capture Trigger
0 0 Falling edge Rising edge
0 1 Rising edge Falling edge
1 0 Setting prohibited Setting prohibited

Both rising and falling edges

No capture operation

Remark n=0, 1

Table 7-3. Valid Edge of TIin1 Pin and Capture Trigger of CRn0

ESn11 ESn10 Valid Edge of Tin1 Pin CRnNO Capture Trigger
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited

1

Both rising and falling edges

Both rising and falling edges

Remark n=0, 1

CRnNO is set by using a 16-bit memory manipulation instruction. These registers can only be read by a 16-bit

memory manipulation instruction when used as capture registers.

RESET input clears CRn0 to 0000H.

Caution Set CRnO to a value other than 0000H in the clear & start mode entered upon a match between
TMn and CRnO. In the free-running mode or the clear & start mode entered upon the TIn0 valid
edge, however, an interrupt request (INTTMnO) is generated after an overflow (FFFFH) when
CRnO is set to 0000H.
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(3) 16-bit capture/compare register n1 (CR01, CR11)

This is a 16-bit register that can be used as a capture register and a compare register. Whether it is used as a

capture register or compare register is specified by the CRCn2 bit of the CRCn register.

(a) When using CRn1 as compare register

(b)

The value set to CRn1 is always compared with the count value of TMn. When the values of the two match,

an interrupt request (INTTMn1) is generated.

When using CRn1 as capture register

The valid edge of the TIn1 pin can be selected as a capture trigger. The valid edge of TIn1 is specified by

the PRMnO register.

When the capture trigger is specified as the valid edge of TInO, the relationship between the TIn0 valid edge

and the CRn1 capture trigger is as follows.

Table 7-4. TInO0 Pin Valid Edge and CRn1 Capture Trigger

ESnO1 ESn00 TInO Pin Valid Edge CRn1 Capture Trigger
0 0 Falling edge Falling edge
0 1 Rising Edge Rising Edge
1 0 Setting prohibited Setting prohibited

Both rising and falling
edges

Both rising and falling
edges

Remark n=0, 1

CRn1 is set by using a 16-bit memory manipulation instruction. These registers can only be read by a 16-bit
memory manipulation instruction when used as capture registers.
RESET input clears CRn1 to 0000H.

Caution Set CRn1 to a value other than 0000H in the clear & start mode entered upon a match
between TMn and CRnO0. In the free-running mode or the clear & start mode entered upon
the TInO valid edge, however, an interrupt request (INTTMn1) is generated after an overflow
(FFFFH) when CRn1 is set to 0000H.
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7.1.4 Timer 0, 1 control registers
The registers to control timers 0 and 1 are shown below.

* 16-bit timer mode control register n (TMCn)
* Capture/compare control register n (CRCn)
* 16-bit timer output control register n (TOCn)
* Prescaler mode registers n0, n1 (PRMn0, PRMn1)

The following registers are also used.

* 16-bit timer register n (TMn)
e 16-bit capture/compare registers n0, n1 (CRn0, CRn1)

(1) 16-bit timer mode control registers 0, 1 (TMCO0, TMC1)
TMCn specifies the operation mode of the 16-bit timer, and the clear mode, output timing, and overflow
detection of 16-bit timer register n (TMn).
TMCn is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input clears TMCO and TMC1 to O0H.

Caution 16-bit timer register n starts operating when the TMCn2 and TMCn3 bits are set to values
other than 0, 0 (operation stop mode). To stop the operation, set the TMCn2 and TMCn3 bits
to 0, 0.
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After reset: 00H R/W

Address: FFFFF208H, FFFFF218H

7 6 5 4 3 2 1 <0>
TMCn 0 0 0 0 TMCn3 TMCn2 TMCn1 OVFn
(n=0,1)
TMCn3 TMCn2 TMCn1 Operation mode and TOn output timing Generation of interrupt
clear mode selector selector
0 0 0 Operation stops (TMn is | Not affected Not generated
cleared to 0)
0 0 1
0 1 0 Free-running mode Match between TMn and | Generated on match
CRnNO or match between | between TMn and CRnO
TMn and CRn1 and match between TMn
and CRn1

0 1 1 Match between TMn and

CRnNO0, match between
TMn and CRn1, or valid
edge of TInO

1 0 0 Clears and starts at Match between TMn and

valid edge of TInO CRnNO or match between
TMn and CRn1
1 0 1 Match between TMn and
CRnNO0, match between
TMn and CRn1, or valid
edge of TInO
1 1 0 Clears and starts on Match between TMn and
match between TMn and | CRnO or match between
CRnO TMn and CRn1
1 1 1 Match between TMn and
CRnNO0, match between
TMn and CRn1, or valid
edge of TInO
OVFn Detection of overflow of 16-bit timer register n
0 Did not overflow
1 Overflowed
Cautions 1. When a bit other than the OVFn bit is written, be sure to stop the timer operation.

2. The valid edge of the TInO pin is set by using prescaler mode register n0 (PRMnO0).

3. When a mode in which the timer is cleared and started on a match between TMn and CRn0 is
selected, the OVFn bit is set to 1 when the count value of TMn changes from FFFFH to 0000H
with CRnO set to FFFFH.

4. Be sure to set bits4to7to 0.

Remark TOn: Output pin of timer n

TInO: Input pin of timer n

TMn: 16-bit timer register n

CRnO: Compare register n0

CRn1: Compare register n1
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(2) Capture/compare control registers 0, 1 (CRC0, CRC1)
CRCn controls the operation of 16-bit capture/compare register n (CRn0 and CRn1).
CRCn is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input clears CRCO and CRC1 to 00H.

After reset: 00H R/W Address: FFFFF20AH, FFFFF21AH
7 6 5 4 3 2 1 0
CRCn 0 0 0 0 0 CRCn2 CRCn1 CRCnO
(n=0,1)
CRCn2 Selection of operation mode of CRn1
0 Operates as compare register
1 Operates as capture register
CRCn1 Selection of capture trigger of CRn0
0 Captured at valid edge of TIn1
1 Captured in reverse phase of valid edge of TInO
CRCnO Selection of operation mode of CRn0
0 Operates as compare register
1 Operates as capture register

Cautions 1. Before setting CRCn, be sure to stop the timer operation.

2. When the mode in which the timer is cleared and started on a match between TMn and
CRnNO is selected by 16-bit timer mode control register n (TMCn), do not specify CRn0 as

a capture register.

3. When both the rising edge and falling edge are specified for the TIn0 valid edge, the

capture operation does not work for the CRnO register.

4. For the capture trigger, a pulse longer than twice the count clock selected by prescaler
mode registers On, 1n (PRMOn, PRM1n) is required in order that the signals from TIn0

and T2n1 perform the capture operation correctly.
5. Be sure to set bits 3 to 7 to 0.
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(3) 16-bit timer output control registers 0, 1 (TOCO, TOC1)
TOCn controls the operation of the timer n output controller by setting or resetting the R-S flip-flop (LVO0),
enabling or disabling reverse output, enabling or disabling output of timer n, enabling or disabling one-shot pulse
output operation, and selecting the output trigger for the one-shot pulse by software.
TOCn is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input clears TOCO and TOC1 to O0H.

After reset: 00H R/W Address: FFFFF20CH, FFFFF21CH
7 <6> <5> 4 <3> <2> 1 <0>
TOCn 0 OSPTn OSPEN TOCn4 LVSn LVRn TOCn1 TOEN
(n=0,1)
OSPTn Control of output trigger of one-shot pulse by software
0 No one-shot pulse trigger
1 Uses one-shot pulse trigger
OSPENn Control of one-shot pulse output operation
0 Successive pulse output
1 One-shot pulse output™*
TOCn4 Control of timer output F/F on match between CRn1 and TMn
0 Reverse timer output F/F disabled
1 Reverse timer output F/F disabled
LVSn LVRn Setting of status of timer output F