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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/SC1, V850/SC2, V850/SC3, IEBus, and Inter Equipment Bus are trademarks of NEC
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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The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from a
country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

License not needed: UPD70F3089Y
The customer must judge the need for license: uPD703068Y, 703069Y, 703088Y, 703089Y

e The information in this document is current as of May, 2002. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC's data sheets or data
books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all products
and/or types are available in every country. Please check with an NEC 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 prior
written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document.

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

* While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor 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
semiconductor products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment, and anti-failure features.

®* NEC semiconductor products are classified into the following three quality grades:

"Standard", "Special" and "Specific". The "Specific" quality grade applies only to semiconductor products
developed based on a customer-designated "quality assurance program" for a specific application. The
recommended applications of a semiconductor product depend on its quality grade, as indicated below.
Customers must check the quality grade of each semiconductor 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 semiconductor products is "Standard" unless otherwise expressly specified in NEC's
data sheets or data books, etc. If customers wish to use NEC semiconductor products in applications not
intended by NEC, they must contact an NEC sales representative in advance to determine NEC's willingness
to support a given application.

(Note)

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

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

NEC (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
product in your application, please contact the NEC 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 Inc. (U.S.)

Santa Clara, California

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

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

NEC do Brasil S.A.
Electron Devices Division
Guarulhos-SP, Brasil
Tel: 11-6462-6810

Fax: 11-6462-6829

NEC Electronics (Europe) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 01

Fax: 0211-65 03 327

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

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

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

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

e Branch Sweden
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: 253-8311

Fax: 250-3583
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Major Revisions in This Edition (1/4)

Page Description
Throughout * Deletion of indication “under development” for the following products (developed)
uPD703068YGJ-xxx-UEN, 703069Y GJ-xxx-UEN
* Addition of watch timer high-speed clock select register (WTNHC), IIC flag registers 0 and 1 (lICFO,
IICF1)

p.49 Change of minimum instruction execution time in 1.4.1 Features (V850/SC3)

p.56 Modification of description in Table 2-1 Pin I/O Buffer Power Supplies

p.66 Modification of description in Table 2-3 Pin Operation States in Various Operating Modes

pp.109, 113, 115, | Modification of 3.4.8 Peripheral I/O registers

116

p.119 Addition of Remarks in 3.4.9 (2) System status register (SYS)

p.120 Change of frequency of the V850/SC3 in 4.1 (1) Main clock oscillator

pp.122, 123 Addition of Note and Caution in 4.3.1 (1) Processor clock control register (PCC)

p.123 Modification of description for setting DCLK1 and DCLKO bits = 01B and addition to Notes in 4.3.1 (2)
Power save control register (PSC)

p.128 Modification of description on operation status of A16 to A21 pins in Table 4-1 Operating Statuses in
HALT Mode

p.129 Modification of description on operation of UARTO to UART3 in Table 4-2 Operating Statuses in IDLE
Mode

p.131 Addition of description in 4.4.4 (1) Settings and operating states

p.132 Modification of description on operation status of UARTO to UART3 in Table 4-3 Operating Statuses in
Software STOP Mode

p.135 Addition of 4.6 (1) When executing an instruction on internal ROM

p.136 Addition of Caution in 4.6 (2) When executing an instruction on external ROM

p.138 Modification of description in Table 5-1 Pin I/O Buffer Power Supplies

p.166 Addition of Caution in 5.2.8 (1) Function of P9 pins

pp.192 to 194

Addition and modification of description in Table 5-16 Setting When Port Pin Is Used for Alternate
Function

p.198 Addition of 5.4 Operation of Port Function

p.201 Addition of Note and Caution in 6.2.2 (1) System control register (SYC) (V850/SC1, V850/SC2)

p.223 Modification of description in Figure 7-2 Acknowledging Non-Maskable Interrupt Requests

p.250 Addition of 7.8.1 Interrupt request valid timing following El instruction

p.252 Addition of 7.9 Bit Manipulation Instruction of Interrupt Control Register on DMA Transfer

p.258 Addition and modification of description in 8.1.3 (2) Capture/compare register n0 (CR00, CR10, CR70
to CR120)

p.259 Addition and modification of description in 8.1.3 (3) Capture/compare register n1 (CR01, CR11, CR71
to CR121)

p.261 Addition to Cautions in 8.1.4 (1) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO, TMCA1,
TMC7 to TMC12)

p.262 Addition to Cautions in 8.1.4 (2) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1,
CRC7 to CRC12)

p.275 Addition of Figure 8-6 Configuration of PPG Output and Figure 8-7 PPG Output Operation Timing
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Major Revisions in This Edition (2/4)

Page Description

p.288 Change of description of Caution in 8.2.6 (2) One-shot pulse output via external trigger

p.319 Addition of Caution in 10.3 (2) Watchdog timer clock select register (WDCS)

p.324 Addition of description in 11.2 (2) 3-wire serial /0 mode (fixed as MSB first)

p.327 Addition to Cautions in 11.2.2 (1) Serial clock select register n (CSISn) and serial operation mode
register n (CSIMn)

p.350 Modification of description on manipulatable bits in 11.4.3 (6) Clocked serial interface read-only
receive buffer registers L5, L6 (SIRBEL5, SIRBELG6)

p.351 Modification of description on manipulatable bits in 11.4.3 (8) Clocked serial interface transmit buffer
registers L5, L6 (SOTBL6, SOTBLS5)

p.352 Modification of description on manipulatable bits in 11.4.3 (10) Clocked serial interface initial transmit
buffer registers L5, L6 (SOTBFL5, SOTBFL6)

p.353 Modification of description on manipulatable bits in 11.4.3 (12) Serial I/O shift registers L5, L6 (SIOLS5,
SIOL6)

pp.378, 379 Modification of description and addition to Note in 11.5.2 (1) lIC control register 0, 1 (IICCO, IICC1)

p.385 Addition of Caution in 11.5.2 (4) IIC clock expansion registers 0, 1 (IICCEO, IICCE1), IIC function
expansion registers 0, 1 (IICX0, IICX1), IIC clock select registers 0, 1 (IICCLO, IICCL1)

pp.421, 422 Addition of 11.5.12 (2) When communication reservation function is disabled (ICRSVn of IICFn
register = 1)

p.423 Change of description in 11.5.13 Cautions

p.424 Change of description in 11.5.14 (1) Master operations (1)

p.425 Addition of 11.5.14 (2) Master operations (2)

p.426 Addition of description in Figure 11-39 Slave Operation Flowchart

p.437 Addition to Cautions in 11.6.2 (1) Asynchronous serial interface mode registers 0 to 3 (ASIMO to
ASIM3)

p.440 Addition to Cautions in 11.6.2 (4) Baud rate generator mode control registers n0, n1 (BRGMCnO,
BRGMCn1)

p.441 Addition to Cautions in Figure 11-43 ASIMn Setting (Operation Stopped Mode)

p.442 Addition to Cautions in Figure 11-44 ASIMn Setting (Asynchronous Serial Interface Mode)

p.445 Addition to Cautions in Figure 11-47 BRGMCn0 and BRGMCn1 Settings (Asynchronous Serial
Interface Mode)

p.451 Addition of description in 11.6.3 (3) (d) Reception

p.452 Deletion of description in 11.6.3 (3) (e) Receive error

p.452 Modification of Note in Figure 11-52 Receive Error Timing

p.456 Modification of Caution in 12.2 (2) A/D conversion result register (ADCR), A/D conversion result
register H (ADCRH)

p.460 Addition of Caution in 12.3 (2) Analog input channel specification register (ADS)

p.467 Modification of description in 12.6 (3) <3> Conflict between writing of ADCR and writing A/D
converter mode register 1 (ADM1) or analog input channel specification register (ADS)

p.470 Modification of description in 12.6 (8) Reading out A/D converter result register (ADCR)

p.472 Addition of 13.3 Configuration

p.477 Addition to Cautions in 13.4 (6) Start factor settings
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Major Revisions in This Edition (3/4)

Page Description

pp.479, 480 Addition of 13.5 Operation

pp.480 to 482 Addition of 13.6 Cautions

p.483 Modification of description in 14.1 (3) Internal reset by power-on-clear (POC)

p.487 Modification of description in 14.3 (3) POC control register (POCC)

p.495 Addition of Figure 17-1 Example of Wiring of Adapter for Flash Programming (FA-144GJ-UEN)

p.496 Addition of Table 17-1 Table for Wiring of Adapter for uPD70F3089Y Flash Programming (FA-
144GJ-UEN)

p.514 Addition of description in Table 18-5 Control Field Acknowledge Signal Output Conditions

p.559 Addition of 19.1 Features

p.559 Modification of description in Table 19-1 Overview of Functions

pp.574, 575 Change of manipulatable bits and reset values in 19.4.2 List of FCAN registers

p.576 Modification of description in 19.5.1 CAN message data length registers 00 to 31 (M_DLCO00 to
M_DLC31)

pp.577, 578 Modification of description in 19.5.2 CAN message control registers 00 to 31 (M_CTRLOO to
M_CTRL31)

p.585 Addition of description in 19.5.6 CAN message configuration registers 00 to 31 (M_CONF00 to
M_CONF31)

p.587 Modification of description in 19.5.7 CAN message status registers 00 to 31 (M_STATO00 to
M_STAT31)

p.593 Modification of description on manipulatable bits and modification of register format and bit description in
19.5.10 CAN global interrupt pending register (CGINTP)

pp.594, 595 Modification of description on manipulatable bits and modification of register format in 19.5.11 CANn
interrupt pending register (CnINTP)

p.596 Addition to Cautions in 19.5.12 CAN stop register (CSTOP)

pp.597, 598 Modification of description on manipulatable bits and modification of bit description in 19.5.13 CAN
global status register (CGST)

p.600 Modification of description on manipulatable bits and modification of bit description in 19.5.14 CAN
global interrupt enable register (CGIE)

p.601 Addition of description in 19.5.15 CAN main clock select register (CGCS)

p.602 Deletion of Caution in Figure 19-2 FCAN Clocks

pp.604, 605 Addition of Cautions and bit name, and modification of bit description in 19.5.17 CAN message search
start/result register (CGMSS/CGMSR)

p.606 Addition of description in 19.5.18 CANn address mask a registers L and H (CnMASKLa and
CnMASKHa)

p.610 Addition of description in 19.5.19 CANnR control register (CnCTRL)

pp.612 to 614 Modification of description on manipulatable bits and modification of bit description in 19.5.20 CANn
definition register (CnDEF)

pp.618, 619 Modification of description on manipulatable bits and addition of bit description in 19.5.23 CANn
interrupt enable register (CnlE)

pp.626, 627 Modification of description in Cautions and addition of bit description in 19.5.27 CANn synchronization

control register (CnSYNC)
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Major Revisions in This Edition (4/4)

Page Description
p.630 Addition of Caution in 19.7 Time Stamp Function
p.633 Modification of description in 19.8 Message Processing
p.638 Change of Figure 19-10 Composition of Layers
p.653 Addition of Caution in 19.11.7 (2) Nominal bit time (8 to 25 time quanta)
p.654 Addition to Note in Figure 19-25 Nominal Bit Time
p.656 Addition of description in Figure 19-28 Initialization Processing
p.659 Addition of Note in Figure 19-33 Setting of CANn Synchronization Control Register (CnSYNC)
p.664 Addition of description in Figure 19-38 Message Buffer Setting
p.667 Addition of Figure 19-41 Setting of CAN Message Status Registers 00 to 31 (M_STATO00 to
M_STAT31)
p.670 Addition of Figure 19-44 Setting Receive Operation Using Reception Polling
p.671 Addition of Figure 19-45 Setting of CAN Message Search Start/Result Register (CGMSS/CGMSR)
p.674 Addition of description in Figure 19-49 CAN Stop Mode Setting
p.674 Addition of description in Figure 19-50 Clearing CAN Stop Mode
p.675 Modification of description in 19.13 Rules for Correct Setting of Baud Rate
p.680 Addition to Cautions in 19.14.2 Burst read mode
p.682 Deletion of Caution 2 in 19.16 How to Shutdown FCAN Controller
pp.682, 683 Addition of <4> and <5> in 19.17 Cautions on Use
p.684 Addition of CHAPTER 20 ELECTRICAL SPECIFICATIONS
p.712 Addition of CHAPTER 21 PACKAGE DRAWING
p.713 Addition of CHAPTER 22 RECOMMENDED SOLDERING CONDITIONS
p.732 Addition of APPENDIX C REVISION HISTORY

The mark * shows major revised points.
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INTRODUCTION
Readers This manual is intended for users who wish to understand the functions of the V850/SC1, V850/SC2,
and V850/SC3 to design application systems using the V850/SC1, V850/SC2, and V850/SC3.

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

Organization The V850/SC1, V850/SC2, and V850/SC3 User's Manual is divided into two parts: hardware (this
manual) and architecture (V850 Series™ Architecture User's Manual).

Hardware Architecture
« Pin functions ¢ Data types
* CPU functions * Register set
¢ On-chip peripheral functions « Instruction format and instruction set
* Flash memory programming « Interrupts and exceptions
« IEBus™ controller « Pipeline operation

¢ FCAN controller
« 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 A REGISTER INDEX.

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

To know the electrical specifications of the V850/SC1, V850/SC2, and V850/SC3:
— Refer to CHAPTER 20 ELECTRICAL SPECIFICATIONS.

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

reserved words.

To understand the overall functions of the V850/SC1, V850/SC2, and V850/SC3:
— 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
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.

Documents related to V850/SC1, V850/SC2, V850/SC3

Document Name Document No.
V850 Series Architecture User's Manual U10243E
V850/SC1, V850/SC2, V850/SC3 Hardware User's Manual This manual

Documents related to development tools (user’s manuals)

Document Name Document No.
IE-703002-MC (In-Circuit Emulator) U11595E
IE-703089-MC-EM1 (In-Circuit Emulator Option Board) To be prepared
CAB850 Ver. 2.30 or Later C Compiler Package Operation U14568E
C Language U14566E
Project Manager U14569E
Assembly Language U14567E
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 Basics U13430E
Installation U13410E
Technical U13431E
RX850 Pro Ver. 3.13 Real-Time OS Fundamental U13773E
Installation U13774E
Technical U13772E
RD850 Ver. 3.01 Task Debugger U13737E
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CHAPTER 1 INTRODUCTION

The V850/SC1, V850/SC2, and V850/SC3 are products in NEC’s V850 Series of single-chip microcontrollers
designed for low-power operation.

1.1 General

The V850/SC1, V850/SC2, and V850/SC3 are 32-bit single-chip microcontrollers that include the V850 Series’
CPU core, and peripheral functions such as ROM/RAM, a timer/counter, serial interfaces, an A/D converter, and a
DMA controller.

The V850/SC2 is equivalent to the V850/SC1, but with an IEBus (Inter Equipment Bus™) controller added to the
peripheral functions.

The V850/SC3 has an FCAN (Full Controller Area Network) controller added to the peripheral functions.

In addition to high real-time response characteristics and 1-clock-pitch basic instructions, the V850/SC1,
V850/SC2, and V850/SC3 can realize multiply, saturated operation, and bit manipulation instructions by means of a
hardware multiplier.

Table 1-1 shows the outline of the V850/SC1, V850/SC2, and V850/SC3 lineup.

Table 1-1. Product Lineup of V850/SC1, V850/SC2, and V850/SC3

Product Name ROM RAM Size FCAN IEBus
Commercial Name Part Number Type Size
V850/SCH 1PD703068Y Mask ROM 512 KB 24 KB - -
uPD70F3089Y Flash memory 512 KB 24 KB - -
V850/SC2 1PD703069Y Mask ROM 512 KB 24 KB - 1 channel
uPD70F3089Y Flash memory 512 KB 24 KB -
V850/SC3 1PD703088Y Mask ROM 512 KB 24 KB 1 channel -
1PD703089Y 512 KB 24 KB 2 channels -
uPD70F3089Y Flash memory 512 KB 24 KB -

34
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CHAPTER 1 INTRODUCTION

1.2 V850/SC1

1.2.1 Features (V850/SC1)

O Number of instructions: 74
O Minimum instruction execution time
50 ns (operating at 20 MHz, external power supply 5 V, regulator output 3.3 V)
O General-purpose registers 32 bits x 32 registers
O 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)
Saturated operations (overflow and underflow detection functions are included)
32-bit shift instruction: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format
O Memory space 16 MB of linear address space (for programs and data)
External expansion: 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 multiplexed)
Address bus: Separate output possible
3V to 5V interface enabled
Bus hold function
External wait function
O Internal memory uPD703068Y (mask ROM: 512 KB/RAM: 24 KB)
UPD70F3089Y (flash memory: 512 KB/RAM: 24 KB)
O Interrupts and exceptions Non-maskable interrupts: 2 sources
Maskable interrupts: 49 sources
Software exceptions: 32 sources
Exception trap: 1 source
O 1/Olines Total: 124 (12 input ports and 112 1/O ports)
3V to 5V interface enabled
O Timer/counter 16-bit timer: 8 channels (TM0, TM1, TM7 to TM12)
16-bit timer: 2 channels (TM5, TM6)
O Watch timer When operating on 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
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O Serial interfaces (SIO) Asynchronous serial interface (UART)

3-wire serial 1/0 (CSI)
I’C bus interface (I°C)

8- to 16-bit variable-length serial interface

CSI (8-bit)/UART: 1 channel
CSI (8- to 16-bit variable)/UART: 1 channel
CSI (8-bit)/I°C: 2 channels
CSI (8- or 16-bit): 2 channels
UART: 2 channels
Dedicated baud rate generator: 5 channels

O A/D converter 10-bit resolution: 12 channels

O DMA controller Internal RAM «— on-chip peripheral I/O: 6 channels

O ROM correction 4 correction addresses specifiable

O Regulator 3.5V to 5.5V input — internal 3.3 V

O Key return function 4 to 8 pins selectable, falling edge fixed

O Clock generator During main clock or subclock operation

5-level CPU clock (including sub operations)

O Power save functions HALT/IDLE/STOP modes

O Package 144-pin plastic LQFP (20 x 20 mm)

O CMOS structure All static circuits

1.2.2 Application fields (V850/SC1)

AV equipment such as car audio and home audio

* 1.2.3 Ordering information (V850/SC1)

Part Number Package Internal ROM
1PD703068YGJ-xxx-UEN 144-pin plastic LQFP (20 x 20) Mask ROM
uPD70F3089YGJ-UEN"" 144-pin plastic LQFP (20 x 20) Flash memory

Note Under development

Remarks 1. xxx indicates ROM code suffix.
2. ROMiless devices are not provided.
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1.2.4 Pin configuration (top view) (V850/SC1)
144-pin plastic LQFP (20 x 20)
o UPD703068YGJ-xxx-UEN
¢ uPD70F3089YGJ-UEN

POS/INTP4[ADTRG
P142/SCK3/ASCK1

Note uPD703068Y: MODE
UPD70F3089Y: Vrr (connect to either GNDO, GND1, or GND2 in normal operation mode)
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Pin names (V850/SC1)

A1 to A21: Address bus P120 to P127: Port 12

ADO to AD15: Address/data bus P130 to P133: Port 13

ADCGND: Ground for analog P140 to P147: Port 14

ADCVbb Power supply for analog P150 to P157: Port 15

ADTRG: A/D trigger input P170 to P176: Port 17

ANIO to ANI11: Analog input RD: Read strobe

ASCKO to ASCK3:  Asynchronous serial clock RESET: Reset

ASTB: Address strobe R/W: Read/write status
CLKOUT: Clock output RXDO0 to RXD3: Receive data

CPUREG: Regulator control SCKO, SCK2 to

DSTB: Data strobe SCKe: Serial clock

GNDO to GND2: Ground SCLO, SCL1: Serial clock

HLDAK: Hold acknowledge SDAO, SDA1: Serial data

HLDRQ: Hold request Sl0, SI2 to Slé: Serial input

INTPO to INTP9: Interrupt request from peripherals SO0, SO2 to SO6: Serial output

KRO to KR7: Key return TIOO, TIO1, TI1O0,

LBEN: Lower byte enable TI11, TI100, TI101,

MODE: Mode TI110, TI111, TI120,

NMI: Non-maskable interrupt request THH21, TI5, Tl6, TI70,

PORTGNDO, TI71, TI80, TI81,

PORTGND1: Ground for ports TI90, TI91: Timer input

PORTVboo to TOO, TO1,

PORTVbp2: Power supply for ports TO5 to TO12: Timer output

P00 to PO7: Port 0 TXDO to TXD3: Transmit data

P10 to P17: Port 1 UBEN: Upper byte enable

P20 to P27: Port 2 Vbpo, Vob1: Power supply

P30 to P37: Port 3 VM45: Vop = 4.5 V monitor output
P40 to P47: Port 4 Vpp: Programming power supply
P50 to P57: Port 5 WAIT: Wait

P60 to P65: Port 6 WRH: Write strobe high-level data
P70 to P77: Port 7 WRL: Write strobe low-level data
P80 to P83: Port 8 X1, X2: Crystal for main clock

P90 to P96: Port 9 XT1, XT2: Crystal for sub-clock

P100 to P107: Port 10

P110 to P117: Port 11
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1.2.5 Function blocks (V850/SC1)
(1) Internal block diagram
NMI —— ] RoM CPU
INTC k= o ———|~—_FHLDRQ (P%)
INTPO to INTP9 = PC i JOGTSTVN i rsucion] |~ HLDAK (P95)
TI00, TIO1,TI10, TI11 5|>(1BZ _ | . ASTB (P94)
TI70, TI71, TI80, TI8T ___ = 32-bit barol T |~ DSTB/RD (P93)
TI90, Ti91, TI100, TI101 e omes ; 1g ulipler L~ R/W/WRH (P92)
TI10, TH11, TI120, TIH21 || shifter = ——=0UBEN (P91)
TOO, TO1, TO7 to TO12 <——{ TMo, TMI =] System By [ LBENWARL (P90)
M7 to TM12 RAM registers ~——WAIT(P110)
TI5, TO5, TI6, TO6 <—=> M5, TM6 ——>A1to A15
o4 Geﬂfggi';?g,gpm (P34 o P36, P100 to P107, P110t0 113)
32 bits x 32 ——>A16 to A21
SIo ke[ T (P60 to P65)
SO0 ﬁ K=>ADO to AD15
SI0/SDAO CSl0/eCo = (P40 0 P47, P50 to P57)
SCKO0/SCLO —
S02 ﬁ
SI2/SDA1 csl2/rct = S
SCK2/SCLA1
SO3/TXD1 ﬁ I
SI3/RXD1 CSI3/UART1 f=—=>1
SCK3/ASCK1 = | Ports AD CLKOUT
SO4/TXDO converter X1
S14/RXDO CSI4UARTO k== mmmmmmmmﬁ ‘ o
SCK4/ASCKO cG
ONNONNNOONWONNNNNN 8 — XT1
SO5 NOSTOA-rOODONOLIOA-O 80
_SI5 csls = | ahacachgsstEEEESLEZ soro L
SCK5 cpoogoopoorreeressserr >ZIT RESET
T YT 00000000000 OB ZE=
S06 02238228 PRPLORVTON=OFT S A0<O
Sio csie Jl—o | CESSNCCETRATITEETLO 2352
SCK6 (oI I a I Y a BN o N Y <= < o
g8 z
TXD2 Sz <
RXD2 UART2 [—> EG
ASCK2 ok
TXD3 &0
RXD3 UART3
ASCK3 v
33V Regulator |— G?\[])ODO
Key return — VM45
R0 to 7 | Ky o
O] — Vb1
DMAC: 6 ch [<—>| w — PORTVboo
< — PORTVoor
5 Rk
e — PORTGNDH
atchado N
| Wetehdos Jo=oy | 2
— Vep/MODEN

Note 1PD703068Y: MODE

uPD70F3089Y: Vrr (connect to either GNDO, GND1, or GND2 in normal operating mode)
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40

(2) Internal units

(@

(b)

()

C)

(e)

()

@

(h)

(@

CPU

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

Other dedicated on-chip hardware, such as a multiplier (16 bits x 16 bits — 32 bits) and a barrel shifter
(32 bits) 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 512 KB mask ROM or flash memory mapped to the address space starting at
00000000H.

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

RAM
This consists of a 24 KB RAM mapped to the address space starting 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 INTP9) 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: one for the main clock (fxx) and one for the
subclock (fxT), generates five types of clocks (fxx, fxx/2, fxx/4, fxx/8, and fx1), and supplies one of them as
the operating clock for the CPU (fcpu).

Timer/counter
A ten-channel 16-bit timer/event counter is incorporated, enabling measurement of pulse intervals and
frequency as well as programmable pulse output.

Watch timer

This timer counts the reference time period (0.5 second) for counting the clock (the 32.768 kHz subclock
or the 8.388 MHz 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 provided to detect inadvertent program loops and 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.
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()

(k)

U]

Serial interfaces (SI0)

The V850/SC1 includes four kinds of serial interfaces: an asynchronous serial interface (UARTm), a 3-
wire serial 1/0 (CSIn), and an I°C bus interface (I°Cx), which can use up to eight channels at the same
time. Two of these channels are switchable between the UART and CSI and another two are switchable
between CSl and I’C.

For UARTm, data is transferred via the TXDm and RXDm pins.

For CSIn, data is transferred via the SOn, SIn, and SCKn pins.

For I°Cx, data is transferred via the SDAx and SCLx pins.

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

Remark m=0to3
n=0,2to6
x=0,1

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

DMA controller
A six-channel DMA controller is incorporated. 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) 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
Port 1 8-bit 1/0 PUrPOSe POrt | gerial interface, timer 1/O
Port 2 8-bit 110 Serial interface, timer I/O
Port 3 8-bit I/0 Timer 1/0O, external address bus, external interrupt
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 I/0 Timer 1/O, key return input, external address bus
Port 11 8-bit 110 Wait control, external address bus
Port 12 8-bit I/0 Serial interface, timer output
Port 13 4-bit 1/0 -
Port 14 8-bit I/0 Serial interface, timer input
Port 15 8-bit 110 Serial interface, timer I/O
Port 17 7-bit 110 Vooo = 4.5 V monitor output
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1.3 V850/SC2

1.3.1 Features (V850/SC2)

O Number of instructions: 74
O Minimum instruction execution time
53 ns (operating at 18.87 MHz, external power supply 5 V, regulator output 3.3 V)
O General-purpose registers 32 bits x 32 registers
O Instruction set Signed multiplication (16 x 16 — 32): 106 ns (operating at 18.87 MHz)
(Able to execute instructions in parallel continuously without creating any register
hazards)
Saturated operations (overflow and underflow detection functions are included)
32-bit shift instruction: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format
O Memory space 16 MB of linear address space (for programs and data)
External expansion: 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 multiplexed)
Address bus: Separate output possible
3V to 5V interface enabled
Bus hold function
External wait function
O Internal memory uPD703069Y (mask ROM: 512 KB/RAM: 24 KB)
UPD70F3089Y (flash memory: 512 KB/RAM: 24 KB)
O Interrupts and exceptions Non-maskable interrupts: 2 sources
Maskable interrupts: 51 sources
Software exceptions: 32 sources
Exception trap: 1 source
O 1/Olines Total: 124 (12 input ports and 112 1/O ports)
3V to 5V interface enabled
O Timer/counter 16-bit timer: 8 channels (TM0, TM1, TM7 to TM12)
16-bit timer: 2 channels (TM5, TM6)
O Watch timer When operating on 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
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O Serial interfaces (SIO)

A/D converter
DMA controller
ROM correction
Regulator

Key return function

O O0OO0OO0OO0OO0

Clock generator

Power save functions
IEBus controller
Package

CMOS structure

O O OO0

Asynchronous serial interface (UART)
3-wire serial /0 (CSI)

I’C bus interface (I°C)

8- to 16-bit variable-length serial interface

CSI (8-bit)/UART: 1 channel
CSI (8- to 16-bit variable)/UART: 1 channel
CSI (8-bit)/I°C: 2 channels
CSI (8- or 16-bit): 2 channels
UART: 2 channels

Dedicated baud rate generator: 5 channels
10-bit resolution: 12 channels
Internal RAM «— on-chip peripheral I/0: 6 channels
4 correction addresses specifiable
3.5V to 5.5V input — internal 3.3 V
4 to 8 pins selectable, falling edge fixed
During main clock or subclock operation
5-level CPU clock (including sub operations)
HALT/IDLE/STOP modes
1 channel
144-pin plastic LQFP (20 x 20 mm)
All static circuits

1.3.2 Application fields (V850/SC2)

Car audio equipment

1.3.3 Ordering information (V850/SC2)

Part Number

Package

Internal ROM

1PD703069YGJ-xxx-UEN
uPD70F3089YGJ-UEN"™"

Note Under development

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

Remarks 1. xxx indicates ROM code suffix.

2. ROMiless devices are not provided.
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1.3.4 Pin configuration (top view) (V850/SC2)
144-pin plastic LQFP (20 x 20)
o UPD703069YGJ-xxx-UEN
e uPD70F3089YGJ-UEN

POS/INTP4[ADTRG
P142/SCK3/ASCK1

e

T

FN

4

>

o]

N
[N Y T Yo T 2

AWN—=-OOONOUIRWN—=O

2

o
T
=
<
o
o
o

ﬁ?ﬁ??%?z?%i%w

P65/A2
P90/LBEN/WR
P91/UB|

P92/R/W/W
P93/l DS'/I'B/
P95/HLD
P96/HLDRC
CLKO

w
c3>ﬂu
—0OXwWoT

OGWOI\KOLOV(")NFOCD

,_,_,_,_,_,_,_,_,_,_,_,_,_

[ G G G Gl Gl G G iy
lololololololole]
=NWHrOION0

©©O
©o

=0 P141/SO3/TXD1
=0 P140/SI3/RXD1
|0 P133

~—=O POO/NMI
—O X2

GNDO O—{37

CPUREG O—38
P11/SO0Q O=—=43

P12/SCKO0/SCLQ O~=»44
PO1/INTPQ O==145

P13/SI14/RXD0Q O-=—=146

P14/SO4/TXD0 O-==147

P10/SI0/SDAQ O=—=1{42
P15/SCK4/ASCKQ O—=—=148

MODE/VppNote 5| 41

Note 1©PD703069Y: MODE

P16 O==49
P17/T15/TO5 O-=—150

P110/A1/WAIT Q=151

XT2 O—70
XT1 O—=71

GND2 O—{72

117
PORTVbp1 O——60

P100/A5/KRO/TQ7 O=—+161
P101/A6/KR1/T170 O-==162
P102/A7/KR2/T100 O~=163

i
P
1
P103/A8/KR3/TI01 O=—+164

1

P114 O=—{55
PO2/INT!

P111/A2 O—==52
P112/A3 Q=153
P1

P113/A4 O-=»54

P107/A12/KR7/TO1 O=~—{68
PO3/INTP2 O-—+69

UPD70F3089Y: Ver (connect to either GNDO, GND1, or GND2 in normal operating mode)
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Pin names (V850/SC2)

A1 to A21:
ADO to AD15:
ADCGND:
ADCVop
ADTRG:

ANIO to ANI11:

ASCKO to ASCKa:

ASTB:
CLKOUT:
CPUREG:
DSTB:

GNDO to GND2:

HLDAK
HLDRQ:
IERXO:
IETXO:

INTPO to INTP9:

KRO to KR7:
LBEN:
MODE:

NMI:
PORTGNDO,
PORTGND1:
PORTVboo to
PORTVbb2:
P00 to P0O7:
P10 to P17:
P20 to P27:
P30 to P37:
P40 to P47:
P50 to P57:
P60 to P65:
P70 to P77:
P80 to P83:
P90 to P96:

Address bus
Address/data bus
Ground for analog
Power supply for analog
A/D trigger input

Analog input
Asynchronous serial clock
Address strobe

Clock output

Regulator control

Data strobe

Ground

Hold acknowledge

Hold request

IEBus receive data
IEBus transmit data

Interrupt request from peripherals

Key return
Lower byte enable
Mode

Non-maskable interrupt request

Ground for ports

Power supply for ports
Port 0
Port 1
Port 2
Port 3
Port 4
Port 5
Port 6
Port 7
Port 8
Port 9

P100 to P107:
P110 to P117:
P120 to P127:
P130 to P133:
P140 to P147:
P150 to P157:
P170 to P176:
RD:

RESET:

R/W:

RXDO0 to RXDS3:
SCKO, SCK2 to
SCKe:

SCLO, SCL1:
SDAO, SDAT:
Slo, SI2 to Sl6:

SO0, SO2 to SO6:

TI0O, TI01, TI10,

TI11, THOO, TI101,
TI110, TI111, TI120,
TI121, TI5, Tl6, TI70,

TI71, TI80, TI81,
TI90, TI91:
TOO, TO1,
TO5 to TO12:
TXDO to TXD3:
UBEN:

Vbbo, VbD1:
VM45:

Vpp:

WAIT

WRH:

WRL:

X1, X2:

XT1, XT2:

User's Manual U15109EJ3VOUD

Port 10

Port 11

Port 12

Port 13

Port 14

Port 15

Port 17

Read strobe
Reset
Read/write status
Receive data

Serial clock
Serial clock
Serial data
Serial input
Serial output

Timer input

Timer output

Transmit data

Upper byte enable

Power supply

Vob = 4.5 V monitor output
Programming power supply
Wait

Write strobe high-level data
Write strobe low-level data
Crystal for main clock
Crystal for sub-clock
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CHAPTER 1 INTRODUCTION
1.3.5 Function blocks (V850/SC2)
(1) Internal block diagram
NMI —+] ] ReM™ cPuy
INTC ROM Instruction HLDRQ (P96)
INTPO to INTP9 ——> oC conentionIA[msucton -——HI DAK (P95)
100, T101,T110, Th11 El’g == 4’3%%/%%93)
70, TI71, TI80, TI81 , ; — I~ DSTI
TI90, Ti91, TI100, TI101 = Timer counter 32-bit  Multpler ) -~ R/W/WRH (P92)
TI110, TH11, TI120, TI121 (16-bit timer) || barrel shifter ——=UBEN (P91)
TOO, TO1, TO7 to TO12 <—— M0, TM1,  |K<—>1 System Bou | LBEN/WRL (P90)
M7 to TM12 RAM registers ~——WAIT (P110)
TI5, TO5, Tl6, TO6 <—>{ TM5, TM6 —>A1to0 A15
Generak-purpose (P34 to P36, P100 to P107, P110t0 113)
SI0 24 | L )| 3bitsx32 F——A16 to A21
KB (P60 to P65)
SO0 - ﬁ K=>ADO to AD15
SI0/SADO CSI0/EC0 > (P40 10 P47, P50 to P57)
SCK0/SCLO —
S02 ﬁ
__SI2/SDA1 CSI2/Ct = S
SCK2/SCLA1
SO3/TXD1 ﬁ ﬁ I
SI3/RXD1 CSI3/UART1 f=>
SCK3/ASCK1 =——1 | Ports AD CLKOUT
SO4/TXDO converter X1
S14/RXDO CSIUARTO = wmmmmmmmﬁ ‘ o
SCK4/ASCKO CG
ONNONNNOONIONNNNNN 8 — XT1
SO5 YN PR AR LS XT2
__SI5 CSI5 [ D'CLD'D'D'D'D'QQSQBSSQESE(ZD 8¢ RESET
SCK5 2222222 -c500000005E 3GZE
S06 RBI8R28RRERIRREREc 9Q<Q
Sle CSl6 [R—> TRALEERE o <<D(9<
SCK6 EE=) %
TXD2 <2 Z
RXD2 UART2 k= o
ASCK2 Ofr
TXD3 &9
RXD3 UART3
ASCK3
— Vboo
33V Regulator [— GNDO
KRO to KR7 —><_> = VM45
unction
DMAG: 6 ch [K<—=> % — Vo
— DDO
- a — PORTVob1
Watch timer[<—> O —— PORTVob2
— PORTGNDO
Watchdo — PORTGNDf
e =
[ETX0 EBus —— Vrp/MODENt
[ERX0 N

Note uPD703069Y: MODE
UPD70F3089Y: Vrr (connect to either GNDO, GND1, or GND2 in normal operating mode)
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(2) Internal units

(@

(b)

()

(@)

(e)

()

@

(h)

(@

CPU

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

Other dedicated on-chip hardware, such as a multiplier (16 bits x 16 bits — 32 bits) and a barrel shifter
(32 bits) 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 512 KB mask ROM or flash memory mapped to the address space starting at
00000000H.

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

RAM
This consists of a 24 KB RAM mapped to the address space starting 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 INTP9) 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: one for the main clock (fxx) and one for the
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 (fcpu).

Timer/counter
A ten-channel 16-bit timer/event counter is incorporated, enabling measurement of pulse intervals and
frequency as well as programmable pulse output.

Watch timer

This timer counts the reference time period (0.5 second) for counting the clock (the 32.768 kHz subclock
or the 8.388 MHz 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 provided to detect inadvertent program loops and 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.
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(j) Serial interfaces (SI0)
The V850/SC2 includes four kinds of serial interfaces: an asynchronous serial interface (UARTm), a 3-
wire serial 1/0 (CSIn), and an I°C bus interface (I°Cx), which can use up to eight channels at the same
time. Two of these channels are switchable between the UART and CSI and another two are switchable
between CSl and I’C.
For UARTm, data is transferred via the TXDm and RXDm pins.
For CSIn, data is transferred via the SOn, SIn, and SCKn pins.
For I°Cx, data is transferred via the SDAx and SCLx pins.
For UART and CSl4, a dedicated baud rate generator is provided.
Remark m=0to3
n=0,2to6
x=0,1
(k) A/D converter
This high-speed, high-resolution 10-bit A/D converter includes 12 analog input pins. Conversion is
performed using the successive approximation method.
() DMA controller
A six-channel DMA controller is incorporated. 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 I/0.
(m) 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
Port 1 8-bit I/0 purpose port Serial interface, timer 1/0
Port 2 8-bit 110 Serial interface, timer I/O, IEBus data I/0
Port 3 8-bit I/0 Timer 1/0O, external address bus, external interrupt
Port 4 8-bit 110 External address/data bus
Port 5 8-bit I/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 I/0 Timer 1/O, key return input, external address bus
Port 11 8-bit 110 Wait control, external address bus
Port 12 8-bit I/0 Serial interface, timer output
Port 13 4-bit 1/0 -
Port 14 8-bit I/0 Serial interface, timer input
Port 15 8-bit 110 Serial interface, timer I/O
Port 17 7-bit 110 Vooo = 4.5 V monitor output
(n) IEBus controller

The IEBus controller is a small digital data transmission system for transferring data between units and
is incorporated in the V850/SC2 only.
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1.4 V850/SC3

1.4.1 Features (V850/SC3)

O Number of instructions: 74
O Minimum instruction execution time
50 ns (operating at 20 MHz, external power supply 5 V, regulator output 3.3 V)
O General-purpose registers 32 bits x 32 registers
O Instruction set Signed multiplication (16 x 16 — 32): 100 ns (operating at 16 MHz)
(Able to execute instructions in parallel continuously without creating any register
hazards)
Saturated operations (overflow and underflow detection functions are included)
32-bit shift instruction: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format
O Memory space 16 MB of linear address space (for programs and data)
External expansion: 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 multiplexed)
3 V to 5V interface enabled
Bus hold function
External wait function
O Internal memory uPD703088Y, 703089Y (mask ROM: 512 KB/RAM: 24 KB)
uPD70F3089Y (flash memory: 512 KB/RAM: 24 KB)
O Interrupts and exceptions Non-maskable interrupts: 2 sources
Maskable interrupts: 53 sources (uPD703088Y)
56 sources (uPD703089Y, 70F3089Y)
Software exceptions: 32 sources
Exception trap: 1 source
O 1/Olines Total: 124 (12 input ports and 112 1/O ports)
3V to 5V interface enabled
O Timer/counter 16-bit timer: 8 channels (TM0O, TM1, TM7 to TM12)
16-bit timer: 2 channels (TM5, TM6)
O Watch timer When operating on 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

User's Manual U15109EJ3VOUD 49



CHAPTER 1 INTRODUCTION

O Serial interfaces (SIO) Asynchronous serial interface (UART)

3-wire serial 1/0 (CSI)
I’C bus interface (I°C)

8- to 16-bit variable-length serial interface

CSI (8-bit)/UART: 1 channel
CSI (8- to 16-bit variable)/UART: 1 channel
CSI (8-bit)/I°C: 2 channels
CSI (8- or 16-bit): 2 channels
UART: 2 channels
Dedicated baud rate generator: 5 channels
O A/D converter 10-bit resolution: 12 channels
O DMA controller Internal RAM «— on-chip peripheral I/O: 6 channels
O ROM correction 4 correction addresses specifiable
O Regulator 3.5V to 5.5V input — internal 3.3 V
O Key return function 4 to 8 pins selectable, falling edge fixed
O Clock generator During main clock or subclock operation
5-level CPU clock (including sub operations)
O Power save functions HALT/IDLE/STOP modes
O FCAN controller 2 channels (uPD703089Y, 70F3089Y)
1 channel (uPD703088Y)
O Package 144-pin plastic LQFP (20 x 20 mm)
O CMOS structure All static circuits

1.4.2 Application fields (V850/SC3)

Car audio equipment

* 1.4.3 Ordering information (V850/SC3)

Part Number Package Internal ROM
UPD703088Y GJ-xxx-UEN"" 144-pin plastic LQFP (20 x 20) Mask ROM
UPD703089YGJ-xxx-UEN"" 144-pin plastic LQFP (20 x 20) Mask ROM
UPD70F3089YGJ-UEN"" 144-pin plastic LQFP (20 x 20) Flash memory

Note Under development

Remarks 1. xxx indicates ROM code suffix.
2. ROMiless devices are not provided.
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1.4.4 Pin configuration (top view) (V850/SC3)
144-pin plastic LQFP (20 x 20)
o UPD703088YGJ-xxx-UEN
o UPD703089YGJ-xxx-UEN
e uPD70F3089YGJ-UEN

PO5/INTP4/ADTRG
P142/SCK3/ASCK1

P143/RXD2

Nt a1 21 OO~ UTR WN —

n
1
&
>
|w)
arGrGurg
apwWN—=
QOONOUIRWN—=O

_U
9
35
S
o
o
o
NN
N

ONONOTNON—OD
N O
—rrrrre——

121

G G G G G Qi g gy
[lo]olelolololololole]
OO=NWAOION®

=0 P141/SO3/TXD1
<—>8 P1gg/$l3/RXD1

——O PORTGND1
0O P27

<O P26
=0 P25/TO9
O EZ4/TI91

23/T190
=0 P22/SCK2/SCL1
=0 P21/S02

=—=O POO/NMI
—O X2
l=—0 X1

O]
Oret—m-|
Oea—n=]
O]
O
O—
A16 O
P61/A17 O] 2
P62/A18 O=—=125
P63/A19 O=—=126
P64/A20 O=—=27
P65/A21 O-=—=128
P90/LBEN/WRL Q=29
P91/UB| O=—=130
P92/R/W/WRH O-=—{31
P93/DSTB/RD O-=—={32
P94/ASTB O-=—=133
P95/HLDAK O-=—=134
P96/HLDRQ O-=—={35
CLKOUT O=—36
NODNOT-AMLOON
OOMOIIITIIII
£££i£000£££
OO g7 290009
Dmgm%<OJ&DD
%¢>mia@85éé
g cforeSsy
© w@ﬂo&@
82 ¢ 25
o N !
= T Sa

Notes 1. uPD703088Y, 703089Y: MODE

XT2 0—70
XT1 O—={71

P16 O=—=149
GND2 O—72

P17/T15/TO5 O=»150

P110/A1/WAIT O=—=151
P113/A4 O=—=154

P111/A2 Q=152
P112/A3 O=—=153

17/CANRX2Note 2 Gu—>1 59
PO3/INTP:

P15/SCK4/ASCKQ O——~148
'511 16/CANTX2Note 2 Qw158
P100/A5/KR0/TO7 O=—161

P107/A12/KR7/TO

uPD70F3089Y: Ver (connect to either GNDO, GND1, or GND2 in normal operating mode)
2. CANTX2 and CANRX2 are available only for the uPD703089Y and 70F3089Y.
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Pin names (V850/SC3)
A16 to A21: Address bus P80 to P83: Port 8
ADO to AD15: Address/data bus P90 to P96: Port 9
ADCGND: Ground for analog P100 to P107: Port 10
ADCVbb Power supply for analog P110 to P117: Port 11
ADTRG: A/D trigger input P120 to P127: Port 12
ANIO to ANI11: Analog input P130 to P133: Port 13
ASCKO to ASCK3: Asynchronous serial clock P140 to P147: Port 14
ASTB: Address strobe P150 to P157: Port 15
CANRX1, CANRX2: FCAN receive data P170 to P176: Port 17
CANTX1, CANTX2: FCAN transmit data RESET: Reset
CLKOUT: Clock output R/W: Read/write status
CPUREG: Regulator control RXDO0 to RXD3: Receive data
DSTB: Data strobe SCKO, SCK2 to
GNDO to GND2:  Ground SCKB8: Serial clock
HLDAK: Hold acknowledge SCLO, SCL1: Serial clock
HLDRQ: Hold request SDAO, SDA1: Serial data
INTPO to INTP9: Interrupt request from peripherals SI0, SI2 to Sl6: Serial input
KRO to KR7: Key return SO0, SO2 to SO6:  Serial output
LBEN: Lower byte enable TI00, TIO1, THO,
MODE: Mode TI11, TI10O, TI101,
NMI: Non-maskable interrupt request TI110, TI111, TI120,
PORTGNDO, TIH21, TI5, TI6, TI70,
PORTGND1: Ground for ports TI71, TI8O, TI81,
PORTVbpo to TI9O, TIO1: Timer input
PORTVbb2: Power supply for ports TOO, TOf1,
P00 to PO7: Port 0 TO5 to TO12: Timer output
P10 to P17: Port 1 TXDO to TXD3: Transmit data
P20 to P27: Port 2 UBEN: Upper byte enable
P30 to P37: Port 3 Vbpo, VbD1: Power supply
P40 to P47: Port 4 VM45: Vob = 4.5 V monitor output
P50 to P57: Port 5 Vpp: Programming power supply
P60 to P65: Port 6 WAIT: Wait
P70 to P77: Port 7 X1, X2: Crystal for main clock
XT1, XT2: Crystal for sub-clock

52
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1.4.5 Function blocks (V850/SC3)
(1) Internal block diagram
NMI ——=] | RoM cPu
—> INTC ROM nstruction HLDRQ (P96)
INTPO to INTP9 oG correction || "1uetonf |—=HLDAK (P95)
TI00, TIO1,TI10, TI11 ?(1 82 L —»Sgg/(%zgj |
TI70, TI71, T80, TI81 - . — L~ DSTI 93
TI90, Ti91, TI100, TI101 = Timer counter 82-bit  Multpler ) ——~R/W/WRH (P92)
TI110, TI111, TI120, TI121 (16-bit timer) [ | barrel shifter X2 L~ UBEN (P91)
TOO, TO1, TO7 to TO12 <——f TM0, TM1, =] System Bou | TLBEN/WRL (P90)
M7 to TMi2 RAM registers ~——WAIT (P110)
TI5, TO5, TI6, TO6 <—> TM5, TM6
Genggilé?grrgose :>6; % g toP%SZ) 1
2 it x 32 to
slo E‘E‘,’ <o L S2Bi 2 <—>ADO to AD15
S00 | ﬁ (P40 to P47, P50 1o P57)
__SI0/SADO CSI0/2C0 >
SCK0/SCLO —
S02 ﬁ
__ SI2/SDA1 Csl2/iect f—
SCK2/SCL1 5
Spameo 7 T 1
__ SI3/RXD1 CSI3IUART] =1
SCK3/ASCK1 | Ports | AD —— CLKOUT
S04/TXDO - X1
SI4/RXDO CSI4UARTO f—>] ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ‘ converterfl [T %5
SCK4/ASCKO CcG
ONNONNNOONONNNNNN §— ~— XT1
SO5 NOITOAN-~OOONOTOAN~O 2N
si5 csI5 — EEEEEEE&D_Q_D_Q_D_Q_D_Q_D_>Z aQ =@ L XT2
SCK5 00000009999999999'&6 SZCZ@ l«— RESET
*‘*—‘*‘*—‘*‘*—‘*‘ooooooooooo'_ 00 ZkE
S06 RBSBR28EELRLICRNIRCS 2332
Sl6 CSlé > SEAARER o <<D(Q< —
SCK6 co =
TXD2 ~—— S2 Z
RXD2 —[ UART2 K—> Eo
ASCK2 — ok
TXD3 ~—— &0
RXD3 —| UART3
ASCK3 ——
— Vbpo
83V Regulator |— GNDO
Key return — VM45
KRO to KR7 —><_>
DMAG: 6 ch K—=> 2 — Voo
% —— PORTVbpo
— PORTVop
<—> S ~ PORTVoo:
— PORTGNDO
Watchdo —— PORTGND1
] =
CANTX1 =— —— Vpp/MODENete2

CANRX1 ——~
CANTX2Note ! <
CANRX2V®e ! ——]

FCAN

]

Notes 1.

nPD703089Y, 70F3089Y only

2. uPD703088Y, 703089Y: MODE
uPD70F3089Y: Vrr (connect to either GNDO, GND1, or GND2 in normal operating mode)
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(2) Internal units

(@

(b)

()

C)

(e)

()

@

(h)

(@

CPU

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

Other dedicated on-chip hardware, such as a multiplier (16 bits x 16 bits — 32 bits) and a barrel shifter
(32 bits) 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 512 KB mask ROM or flash memory mapped to the address space starting at
00000000H.

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

RAM
This consists of a 24 KB RAM mapped to the address space starting 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 INTP9) 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: one for the main clock (fxx) and one for the
subclock (fxT), generates five types of clocks (fxx, fxx/2, fxx/4, fxx/8, and fx1), and supplies one of them as
the operating clock for the CPU (fcpu).

Timer/counter
A ten-channel 16-bit timer/event counter is incorporated, enabling measurement of pulse intervals and
frequency as well as programmable pulse output.

Watch timer

This timer counts the reference time period (0.5 second) for counting the clock (the 32.768 kHz subclock
or the 8.388 MHz 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 provided to detect inadvertent program loops and 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.
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CHAPTER 1 INTRODUCTION

()

(k)

U

Serial interfaces (SI0)

The V850/SC3 includes four kinds of serial interfaces: an asynchronous serial interface (UARTm), a 3-
wire serial 1/0 (CSIn), and an I°C bus interface (I°Cx), which can use up to eight channels at the same
time. Two of these channels are switchable between the UART and CSI and another two are switchable
between CSl and I’C.

For UARTm, data is transferred via the TXDm and RXDm pins.

For CSIn, data is transferred via the SOn, SIn, and SCKn pins.

For I°Cx, data is transferred via the SDAx and SCLx pins.

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

Remark m=0t03
n=0,2to6
x=0,1

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

DMA controller
A six-channel DMA controller is incorporated. 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 I/O.

(m) 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
Port 1 8-bit 1/0 purpose port Serial interface, timer I/O
Port 2 8-bit 110 Serial interface, timer I/O
Port 3 8-bit I/0 Timer 1/O, external address bus, external interrupt
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 I/0 Timer 1/O, key return input, external address bus
Port 11 8-bit 110 Wait control, FCAN data /O, external address bus
Port 12 8-bit I/0 Serial interface, timer output
Port 13 4-bit I/0 -
Port 14 8-bit I/0 Serial interface, timer input
Port 15 8-bit 110 Serial interface, timer I/O
Port 17 7-bit /0 Voo = 4.5 V monitor output
(n) FCAN controller

The FCAN controller is a small digital data transmission system for transferring data between units.
A two-channel FCAN controller is incorporated in the uPD703089Y and 70F3089Y (FCAN1, FCAN2).
A one-channel FCAN controller is incorporated in the uPD703088Y (FCANT1).
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CHAPTER 2 PIN FUNCTIONS

2.1 List of Pin Functions

The names and functions of the pins in the V850/SC1, V850/SC2, and V850/SC3 are described below, divided
into port pins and non-port pins.

There are six types of pin I/O buffer power supplies: PORTVbooo to PORTVop2, Vbbo, Vop1, and ADCVob. The
relationship between these power supplies and the pins is described below.

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

(a) uPD70F3089Y
Power Supply Corresponding Pins Usable Voltage Range

PORTVopo"*' P40 to P47, P50 to P57, P60 to P65, P90 | 3.0 V < PORTVboo < 5.5V

to P96, CLKOUT
PORTVop1"*" P00 to P03, P10 to P17, P30 to P37, P100 3.0 V< PORTVbpi1 < 5.5 V"*?

to P107, P110 to P117
PORTVop2"*" P04 to P07, P20 to P27, P120 to P127, 3.0 V< PORTVbp2 < 5.5 V"*°?

P130 to P133, P140 to P147, P150 to P157
Vobo RESET When A/D converter not used: 4.0V <Vopo<5.5V

When A/D converter used: 4.5V < Voo = ADCVop <5.5V

Vop1 P170 to P176 40V <Vopb1<55V
ADCVop P70 to P77, P80 to P83 When A/D converter not used: 4.0 V< ADCVopb <55V

When A/D converter used: 4.5V < Voo = ADCVop<5.5V

Notes 1. The electrical specifications differ between an operating frequency of 4 to 17 MHz and an operating
frequency of 4 to 20 MHz.
2. When the FCAN controller is used: PORTVob1 < PORTVbp2
(Due to the supply voltage conditions of the in-circuit emulator)

Caution The conditions for the power supplies are as follows.

PORTVbpo < PORTVbb1 < PORTVbb2 < Vppo = Vop1 = ADCVbbp
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(b) Other than uPD70F3089Y

Power Supply

Corresponding Pins

Usable Voltage Range

PORTVopo"*'

P40 to P47, P50 to P57, P60 to P65, P90
to P96, CLKOUT

3.0V <PORTVDD0<5.5V

PORTVop1"*'

P00 to P03, P10 to P17, P30 to P37, P100
to P107, P110 to P117

3.0 V < PORTVpp1 < 5.5 V"*?

PORTVop2"*" P04 to P07, P20 to P27, P120 to P127, 3.0 V< PORTVbp2 < 5.5 V"*?
P130 to P133, P140 to P147, P150 to P157

Vobo RESET When A/D converter not used: 3.5V <Vopo<5.5V
When A/D converter used: 4.5V < Voo = ADCVop < 5.5V

Vb1 P170 to P176 3.5V<Vomi <55V

ADCVbp P70 to P77, P80 to P83 When A/D converter not used: 3.5V < ADCVob <5.5V
When A/D converter used: 4.5V < Vooo = ADCVop < 5.5V

Notes 1. The electrical specifications differ between an operating frequency of 4 to 17 MHz and an operating

frequency of 4 to 20 MHz.
2. When the FCAN controller is used: PORTVob1 < PORTVbp2
(Due to the supply voltage conditions of the in-circuit emulator)

Caution The conditions for the power supplies are as follows.

PORTVbpo < PORTVbb1 < PORTVbb2 < Vppo = Vbp1 = ADCVbbp

The differences in the pins of the V850/SC1, V850/SC2, and V850/SC3 are shown below.

Table 2-2. Differences in Pins of V850/SC1, V850/SC2, and V850/SC3

Pin V850/SCH V850/SC2 V850/SC3
uPD703068Y | uPD70F3089Y | uPD703069Y |uPD70F3089Y | uPD703088Y | uPD703089Y |uPD70F3089Y
Vep Not available Available Not available Available Not available Available
A1to A5 Available Not available
IETXO0 Not available Available Not available
IERX0 Not available Available Not available
CANTX1, Not available Available
CANRX1
CANTX2, Not available Not available Available
CANRX2
User's Manual U15109EJ3VOUD 57




CHAPTER 2 PIN FUNCTIONS

(1) Port pins

(1/4)
Pin Name 1/0 PULL Function Alternate Function

P00 l{e] No Port 0 NMI

PO1 8-bit 1/0 port INTPO
Input/output can be specified in 1-bit units.

P02 INTPA

P03 INTP2

P04 INTP3

P05 INTP4/ADTRG

P06 INTP5

P07 INTP6

P10 I/0 No Port 1 SI0/SDAO

P11 8-bit I/O port S00
Input/output can be specified in 1-bit units. ——

P12 Only P10 and P12 can be specified as N-ch open-drain pins. SCKO/SCLO

P13 SI14/RXD0

P14 SO4/TXD0

P15 SCK4/ASCKO

P16 -

P17 TI5/TO5

P20 l{e] No Port 2 SI2/SDA1

Po1 8-bit 1/0 port sSO2
Input/output can be specified in 1-bit units.

p22 Only P20 and P22 can be specified as N-ch open-drain pins. SCK2/SCL1

P23 TI90

P24 TI91

P25 TO9

P26 IERXQ"""

P27 IETXQ"""

P30 I/0 No Port 3 TI6/TO6

P31 8-bit 1/0 port TI80
Input/output can be specified in 1-bit units.

P32 Ti81

P33 TO8

P34 TI71, A13"%°*

P35 INTP7/A14"%"?

P36 INTP8/A15""?

P37 INTP9

Notes 1. Only for the V850/SC2

2. Only for the V850/SC1 and V850/SC2

Remark PULL: On-chip pull-up resistor
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(2/4)
Pin Name I/0 PULL Function Alternate Function

P40 I/0 No Port 4 ADO
P41 8-bit 1/0 port AD1

Input/output can be specified in 1-bit units.
P42 AD2
P43 AD3
P44 AD4
P45 ADS
P46 ADG
P47 AD7
P50 I/0 No Port 5 ADS8
P51 8-bit 1/0 port AD9

Input/output can be specified in 1-bit units.
P52 AD10
P53 AD11
P54 AD12
P55 AD13
P56 AD14
P57 AD15
P60 I/O No Port 6 A16
P61 6-bit 1/0 port A17

Input/output can be specified in 1-bit units.
P62 A18
P63 A19
P64 A20
P65 A21
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

Remark PULL: On-chip pull-up resistor
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(3/4)
Pin Name I/0 PULL Function Alternate Function
P90 /0 No | Port9 LBEN/WRL"™*'
PO1 7-bit 1/0 port UBEN
Input/output 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 KRO/TO7/A5"""
P101 8-bit /O port KR1/TI70/A6"""
Input/output can be specified in 1-bit units.
P102 KR2/TI00/A7"""
P103 KR3/TI01/A8"""
P104 KR4/TO0/AQ"""
P105 KR5/TI10/A10"""
P106 KR6/TI11/A11"""
P107 KR7/TO1/A12""!
P110 o) No | Port11 WAIT/AT™®!
P111 8-bit I/0 port ApNote
Input/output can be specified in 1-bit units.
P112 A3"*"
P113 AgMe!
P114 CANTX{"*?
P115 CANRX1""*?
P116 CANTX2"*®
P117 CANRX2"*®
P120 /o No | Port12 SCK5
P121 8-bit 1/0 port sI5
Input/output can be specified in 1-bit units.
P122 SO5
P123 SCK6
P124 SI6
P125 SO6
P126 TO10
P127 TO11
P130 I/O No Port 13 -
P131 4-bit 1/0 port B
Input/output can be specified in 1-bit units.
P132 -
P133 -

Notes 1. Only for the V850/SC1 and V850/SC2
2. Only for the V850/SC3
3. Only for the uPD703089Y, 70F3089Y

Remark PULL: On-chip pull-up resistor
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(4/4)
Pin Name I/0 PULL Function Alternate Function

P140 I/0 No Port 14 SI3/RXD1

P141 8-bit I/O port SO3/TXD1
Input/output can be specified in 1-bit units. —

P142 SCK3/ASCK1

P143 RXD2

P144 TXD2

P145 ASCK2

P146 TI100

P147 TIHO1

P150 I/0 Yes Port 15 RXD3

P151 8-bit 1/0 port TXD3
Input/output can be specified in 1-bit units.

P152 ASCK3

P153 THH10

P154 TH11

P155 TO12

P156 TI120

P157 TH21

P170 I/0 No Port 17 -

P171 7-bit 1/0 port _
Input/output can be specified in 1-bit units.

P172 -

P173 -

P174 -

P175 -

P176 VM45

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

(1/4)
Pin Name 1/0 PULL Function Alternate Function

Al Output No Lower address bus used for external memory expansion P110/WAIT
A2 to Ad (V850/SC1 and V850/SC2 only) P111 to P113
A5 Yes P100/KR0O/TO7
A6 P101/KR1/T170
A7 P102/KR2/T100
A8 P103/KR3/TI01
A9 P104/KR4/TO0
A10 P105/KR5/TI10
Al P106/KR6/TI11
A12 P107/KR7/TO1
A13 No P34/TI71
Al14 P35/INTP7
A15 P36/INTP8
A16 to A21 Output No Higher address bus used for external memory expansion P60 to P65
ADO to AD15 1/0 No 16-bit multiplexed address/data bus used for external memory P40 to P47,

expansion P50 to P57
ADCGND - - Ground potential for A/D converter -
ADCVop - - Power supply pin and reference voltage pin for A/D converter -
ADTRG Input No A/D converter external trigger input PO5/INTP4
ANIO to ANI11 Input No Analog input to A/D converter P70 to P77,

P80 to P83
ASCKO Input No Baud rate clock input for UARTO P15/SCK4
ASCK1 Baud rate clock input for UART1 P142/SCK3
ASCK2 Baud rate clock input for UART2 P145
ASCKS3 Baud rate clock input for UART3 P152
ASTB Output No External address strobe signal output P94
CANRX1 Input No CANT1 receive data input*™’ P115
CANRX2 CAN2 receive data input"* P117
CANTX1 Output CAN1 transmit data output"*" P114
CANTX2 CAN2 transmit data output"*** P116
CLKOUT Output - Internal system clock output -
CPUREG - - Connection of regulator output stabilization capacitance -
DSTB Output No External data strobe signal output P93/RD"**
GNDO to GND2 - - Ground potential -
Notes 1. Only for the V850/SC3

2. Only for the uPD703089Y and 70F3089Y
3. Only for the V850/SC1 and V850/SC2

Remark PULL: On-chip pull-up resistor

62

User's Manual U15109EJ3VOUD



CHAPTER 2 PIN FUNCTIONS

(2/4)
Pin Name 1/0 PULL Function Alternate Function
HLDAK Output No Bus hold acknowledge output P95
HLDRQ Input Bus hold request input P96
IERXO0 Input No IEBus data input (V850/SC2 only) P26
IETX0 Output IEBus data output (V850/SC2 only) P27
INTPO to INTP3| Input Yes External interrupt request input (analog noise elimination) P01 to PO4
INTP4 External interrupt request input (digital noise elimination) P0O5/ADTRG
INTP5 P06
INTP6 External interrupt request input (digital noise elimination for P07
remote control)
INTP7 External interrupt request input (analog noise elimination) P35/A14"""
INTP8 P36/A15"""
INTP9 P37
KRO Input Yes Key return input P100/A5""*"/TO7
KR1 P101/A6""*"/TI70
KR2 P102/A7""*"/TI00
KR3 P103/A8""*"/TI01
KR4 P104/A9"""/TO0
KR5 P105/A10™"*"/TI10
KR6 P106/A11""*"/TI11
KR7 P107/A12""*"/TO1
LBEN Output No External data bus’s lower byte enable signal output PYO/WRL™™"
MODE - - Specifies operation mode (other than uPD78F38089Y) Vep'*?
NMI Input No Non-maskable interrupt request input (analog noise elimination) P00
PORTGNDO - - Ground potential for ports -
PORTGND1 -
PORTVopo - - Positive power supply for ports (P40 to P47, P50 to P57, P60 to -
P65, P90 to P96, CLKOUT)
PORTVob1 Positive power supply for ports (P00 to P03, P10 to P17, P30 to -
P37, P100 to P107, P110 to P117)
PORTVob2 Positive power supply for ports (P04 to P07, P20 to P27, P120 -
to P127, P130 to P133, P140 to P147, P150 to P157)
RIW Output No External read/write status output P92/WRH"""
RD Output No Read strobe signal output (V850/SC1 and V850/SC2 only) P93/DSTB
RESET Input - System reset input -
RXDO Input No Serial receive data input for UARTO, UART1, UART2, UART3 P13/S14
RXD1 P140/SI3
RXD2 P143
RXD3 P150
'SCKO 110 No Serial clock I/O (3-wire type) for CSI0, CSI2, CSI3 P12/SCLO
'SCK2 P22/SCL1
SCK3 P142/ASCK1
Notes 1. Only for the V850/SC1 and V850/SC2
2. Only for the yPD70F3089Y
Remark PULL: On-chip pull-up resistor
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(3/4)
Pin Name I/0 PULL Function Alternate Function
SCK4 I/0 No Serial clock 1/0O (3-wire type) for variable-length CSl4 P15/ASCKO
SCK5 Serial clock I/O (3-wire type) for CSI5, CSI6 P120
SCK6 P123
SCLO I/0 No Serial clock 1/0 for I*CO P12/SCKO
SCL1 Serial clock I/O for I’C1 P22/SCK2
SDAO 110 No Serial transmit/receive data input for I’CO P10/SI10
SDA1 Serial transmit/receive data input for I’C1 P20/S12
SI0 Input No Serial receive data input (3-wire type) for CSI0, CSI2, CSI3 P10/SDAO
SI2 P20/SDA1
SI3 P140/RXD1
Sl4 Input No Serial receive data input (3-wire type) for variable-length CSl4 P13/RXD0O
SI5 Serial receive data input (3-wire type) for CSI5, CSI6 P121
Slé P124
SO0 Output No Serial transmit data output (3-wire type) for CSI0, CSI2, CSI3 P11
SO2 P21
SO3 P141/TXD1
SO4 Output No Serial transmit data output (3-wire type) for variable-length CSI4 | P14/TXDO
SO5 No Serial transmit data output (3-wire type) for CSI5, CSI6 P122
SO6 No P125
TIOO Input Yes External count clock input for TMO/ P102/A7""/KR2
external capture trigger input for TMO
TIO1 External capture trigger input for TMO P103/A8""/KR3
THO External count clock input for TM1/ P105/A10""/KR5
external capture trigger input for TM1
TI1 External capture trigger input for TM1 P106/A11""/KR6
TIHOO No External count clock input for TM10/ P146
external capture trigger input for TM10
TI101 External capture trigger input for TM10 P147
TIH10 No External count clock input for TM11/ P153
external capture trigger input for TM11
TI11 External capture trigger input for TM11 P154
THH20 Input No External count clock input for TM12/ P156
external capture trigger input for TM12
TiH21 External capture trigger input for TM12 P157
TI5 External count clock input for TM5, TM6 P17/TO5
TI6 P30/TO6

Note Only for the V850/SC1 and V850/SC2

Remark PULL: On-chip pull-up resistor
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(4/4)
Pin Name I/0 PULL Function Alternate Function
TI70 Input Yes External count clock input for TM7/ P101/A6"""/KR1
external capture trigger input for TM7
TI71 No External capture trigger input for TM7 P34/A13"""
TI80 External count clock input for TM8/ P31
external capture trigger input for TM8
TI81 External capture trigger input for TM8 P32
TI90 No External count clock input for TM9/ P23
external capture trigger input for TM9
TI91 External capture trigger input for TM9 P24
TOO Output Yes Pulse signal output for TMO, TM1, TM10 to TM12, TM5 P104/A9"" /KR4
TO1 P107/A12"""/KR7
TO10 No P126
TO11 P127
TO12 P155
TO5 P17/TI5
TO6 No Pulse signal output for TM6 to TM9 P30/TI6
TO7 Yes P100/A5"""/KRO
TO8 No P33
TO9 P25
TXDO Output No Serial transmit data output for UARTO, UART1, UART2, UART3 | P14/SO4
TXD1 P141/S03
TXD2 P144
TXD3 P151
UBEN Output No Higher byte enable signal output for external data bus P91
Vbbo - - Positive power supply pin (ﬁr) -
Vop1 Positive power supply pin (P170 to P176) -
VM45 Output No Voo = 4.5 V monitor output P176
Vep - - High-voltage application pin for program write/verify MODE""?
(uPD70F3089Y only)
WAIT Input No 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
(V850/SC1, V850/SC2 only)
WRL Lower byte write strobe signal output for external data bus P9O/LBEN
(V850/SC1, V850/SC2 only)
X1 Input - Resonator connection for main clock -
X2 - -
XT1 Input - Resonator connection for subclock -
XT2 - -
Notes 1. Only for the V850/SC1 and V850/SC2

2. Other than uPD70F3089Y

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

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

Table 2-3. Pin Operation States in Various Operating Modes

QOperating Mode 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
A1lto 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"**
RW 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. « When the external memory area has not been accessed even once after reset is released and the
external expansion mode is set: Undefined
e 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 during previously set external bus cycle is held
L: Low-level output
H: High-level output
- Input without sampling
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2.3 Description of Pin Functions

(1) POO to P07 (port 0) --- 3-state I/O
P00 to P07 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.
In addition to 1/O port pins, these pins can also be used as an NMI input, external interrupt request inputs, and
the external trigger for the A/D converter. The pin’s valid edge is specified by the EGP0O and EGNO registers.

(a) Port function
POO0 to P07 can be set to input or output in 1-bit units using the port 0 mode register (PMO0).

(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).
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()

68

P10 to P17 (port 1) --- 3-state I/O

P10 to P17 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.

In addition to 1/0 port pins, these pins can also be used as I/O pins for the serial interface and timer/counter.
P10 and P12 can be selected as normal output or N-ch open-drain output pins.

(a) Port function
P10 to P17 can be set to input or output in 1-bit units using the port 1 mode register (PM1).

(b) Alternate functions

(i) SIlo, Si4 (serial input 0, 4) --- Input
These are the serial receive data input pins for CSI0 and CSl4.

(ii) SO0, SO4 (serial output 0, 4) --- Output
These are the serial transmit data output pins for CSI0 and CSI4.

(iii) SCKO0, SCK4 (serial clock 0, 4) --- 3-state I/O
These are the serial clock I/O pins for CSI0 and CSI4.

(iv) SDAO (serial data 0) --- I/O
This is the serial transmit/receive data 1/0 pin for I°CO.

(v) SCLO (serial clock 0) --- /0
This is the serial clock /O pin for I°CO.

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

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

(viii) ASCKO (asynchronous serial clock 0) --- Input
This is the serial baud rate clock input pin for UARTO.

(ix) TI5 (timer input 5) --- Input
This is the external count clock input pin for timer 5.

(x) TOS5 (timer output 5) --- Output
This is the pulse signal output pin for timer 5.
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(3) P20 to P27 (port 2) -.- 3-state I/0
P20 to P27 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.
In addition to 1/0O port pins, these pins can also be used as 1/O pins for the serial interface, timer/counter, and
IEBus data.

(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 (serial input 2) --- Input
This is the serial receive data input pin for CSI2.

(ii) SO2 (serial output 2) .- Output
This is the serial transmit data output pin for CSI2.

(iii) SCK2 (serial clock 2) --- 3-state 1/0
This is the serial clock /O pin for CSI2.

(iv) SDAT1 (serial data 1) ... Input
This is the serial transmit/receive data 1/0 pin for I°C1.

(v) SCLA1 (serial clock 1) ... /O
This is the serial clock I/O pin for I°C1.

(vi) TI9O (timer input 90) ... Input
This is the external count clock input and external capture trigger input pin for timer 9.

(vii) TI91 (timer input 91) ... Input
This is the external capture trigger input pin for timer 9.

(viii) TO9 (timer output 9) ... Output
This is the pulse signal output pin for timer 9.

(ix) IERXO (IEBus receive data) ... Input
This is the IEBus data input signal.
IERXO is available only for the V850/SC2.

(x) IETXO (IEBus transmit data) ... Output
This is the IEBus data output signal.
IETXO is available only for the V850/SC2.
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(4) P30 to P37 (port 3) --- 3-state I/0

P30 to P37 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.

In addition to I/O port pins, these pins can also be used as I/O pins for the timer/counter, an address bus (A13 to
A15) for external memory expansion, and external interrupt request inputs.
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(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

U

(i)

(iif)

(iv)

)

(vi)

TI6 (timer input 6) - Input
This is the external count clock input pin for timer 6.

TI71 (timer input 71) --- Input
This is the external capture trigger input pin for timer 7.

TI80 (timer input 80) - Input
This is the external count clock input and external capture trigger input pin for timer 8.

TI81 (timer input 81) --- Input
This is the external capture trigger input pin for timer 8.

TO6, TO8 (timer output 6, 8) --- Output
These are the pulse signal output pins for timer 6 and timer 8.

A13 to A15 (address 13 to 15) -.- Output

These pins comprise an address bus for external access and operate as the A13 to A15 (22-bit
address) output pins. 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, these pins hold the address of
the bus cycle immediately before.

A13 to A15 are available only for the V850/SC1 and V850/SC2.

(vii) INTP7 to INTP9 (interrupt request from peripherals) --- Input

These are external interrupt request input pins.
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(6)

P40 to P47 (port 4) --- 3-state I/O

P40 to P47 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.

In addition to I/O port pins, these pins can also be used as a time division address/data bus (ADO to AD7) when
memory is expanded externally.

(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 function (external expansion mode)
P40 to P47 can be specified as ADO to AD7 using the memory expansion mode register (MM).

(i) ADO to AD7 (address/data 0 to 7) -.- 3-state I/O
These pins comprise a multiplexed address/data bus for external access. At the address timing (T1
state), these pins operate as the ADO to AD7 (22-bit address) output pins. At the data timing (T2, TW,
T3), they operate as lower 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 in 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 I/0

P50 toP57 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.

In addition to I/O port pins, these pins can also be used as a time division address/data bus (AD8 to AD15) when
memory is expanded externally.

(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 function (external expansion mode)
P50 to P57 can be specified as AD8 to AD15 using the memory expansion mode register (MM).

(i) ADS8to AD15 (address/data 8 to 15) --- 3-state I/O
These pins comprise a multiplexed address/data bus for external access. At the address timing (T1
state), these pins operate as the AD8 to AD15 (22-bit address) output pins. At the data timing (T2, TW,
T3), they operate as 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 of the bus cycle. When the timing sets the bus cycle to
inactive, these pins go into a high-impedance state.
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P60 to P65 (port 6) --- 3-state I/0

P60 to P65 function as a 6-bit I/O port in which input and output can be specified in 1-bit units.

In addition to 1/O port pins, these pins can also be used as an address bus (A16 to A21) when memory is
expanded externally. During 8-bit access of port 6, the higher two bits are ignored during a write operation and
are read as “00” during a read operation.

(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 function (external expansion mode)
P60 to P65 can be specified as A16 to A21 using the memory expansion mode register (MM).

(i) A16 to A21 (address 16 to 21) --- Output
These pins comprise an address bus 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, these pins
hold the address of the bus cycle immediately before.

P70 to P77 (port 7), P80 to P83 (port 8) --- Input

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

In addition to input ports, these pins can also be used as analog input pins of the A/D converter for the alternate
function. However, they cannot be switched between input ports and analog input pins.

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

(b) Alternate function
P70 to P77 also function as pins ANIO to ANI7 and P80 to P83 also function as ANI8 to ANI11, but these
alternate functions are not switchable.

(i) ANIO to ANI11 (analog input 0 to 11) --- Input
These are analog input pins for the A/D converter.
Connect a capacitor between ADCVop and ADCGND to prevent noise-related operation faults. Also, do
not apply voltage that is outside the range for ADCVob and ADCGND to pins that are being used as
inputs for the A/D converter. If it is possible for noise above the ADCVop range or below the ADCGND
range to enter, clamp these pins using a diode that has a small VF value.
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(9) P90 to P96 (port 9) --- 3-state I/0
P90 to P96 function as a 7-bit I/O port in which input and output can be specified in 1-bit units.
In addition to 1/O port pins, these pins can also be used 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 “0” during a read

operation.

(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 function (external expansion mode)
P90 to P96 can be specified as control signal outputs for external memory expansion using the memory
expansion mode register (MM).

U

(i)

(iif)

(iv)

)

LBEN (lower byte enable) --- Output

This is the lower byte enable signal output pin for the external 16-bit data bus. During byte access to the
odd-numbered addresses, these pins are set to 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 to inactive, this pin holds the address of the bus cycle immediately before.

m(upper byte enable) --- Output

This is the upper byte enable signal output pin for the external 16-bit data bus. During byte access of
even-numbered addresses, these pins are set to 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 to inactive, this pin holds the address of the bus cycle immediately before.

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

R/W (read/write status) --- Output

This is the output pin for the status signal that indicates whether the bus cycle is a read cycle or a write
cycle during external access. High level is set during the read cycle and low level is set during the 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 to inactive.

DSTB (data strobe) --- Output

This is the output pin for the access strobe signal for the external data bus. 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 to inactive.

ASTB (address strobe) .- Output

This is the output pin for the latch strobe signal for the external address bus. 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 to inactive.
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(vi)

M(hold acknowledge) --- Output

This is the output pin for the acknowledge signal that indicates the high impedance status for the
address bus, data bus, and control bus when the V850/SC1, V850/SC2, and V850/SC3 receive a bus
hold request.

The address bus, data bus, and control bus are set to high impedance when this signal is active.

(vii) HLDRQ (hold request) --- Input

This is the input pin by which an external device requests the V850/SC1, V850/SC2, and V850/SC3 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. This
occurs either when the V850/SC1, V850/SC2, and V850/SC3 complete execution of the current bus
cycle, or immediately if no bus cycle is being executed. The HLDAK signal is then set to active and the
bus is released.

(viii) WRL (write strobe low-level data) --- Output

(ix)

(x)

This is the write strobe signal output pin for the lower data of the external 16-bit data bus.
This is output in the same write cycle as DSTB.
WRL is available only for the V850/SC1 and V850/SC2.

WRH (write strobe high-level data) --- Output

This is the write strobe signal output pin for the higher data of the external 16-bit data bus.
This is output in the same write cycle as DSTB.

WRH is available only for the V850/SC1 and V850/SC2.

RD (read) --- Output

This is the read strobe signal output pin for the external 16-bit data bus.
This is output in the same read cycle as DSTB.

RD is available only for the V850/SC1 and V850/SC2.
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(10) P100 to P107 (port 10) --- 3-state I/0
P100 to P107 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.
In addition to I/O port pins, these pins can also be used as timer/counter 1/O pins, key return inputs, and an
address bus (A5 to A12) for external memory expansion.

(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

(@

(i)

(iif)

(iv)

)

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

TIO0O, TI10, TI70 (timer input 00, 10, 70) ... Input
These are external count clock input and external capture trigger input pins for timers 0, 1, and 7.

TIO1, TI11 (timer input 01, 11) ... Input
These are external capture trigger input pins for timers 0 and 1.

TOO, TO1, TO7 (timer output 0, 1, 7) ... Output
These are pulse signal output pins for timers 0, 1, and 7.

A5 to A12 (address 5 to 12) ... Output

These pins comprise an address bus for external access and operate as the A5 to A12 (22-bit address)
output pins. 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, these pins hold the address of the bus
cycle immediately before.

A5 to A12 are available only for the V850/SC1 and V850/SC2.
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(11) P110to P117 (port 11) -.- 3-state I/0

P110 to P117 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.

In addition to 1/O port pins, these pins can also be used as FCAN data I/O pins, the control signal (WAIT) that
inserts waits into the bus cycle and an address data bus (A1 to A4) for external memory expansion.

76

(a) Port function
P110 to P117 can be set to input or output in 1-bit units using the port 11 mode register (PM11).

(b) Alternate functions

(@

(i)

(iif)

(iv)

WAIT (wait) --- Input

This is the 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).

CANRX1, CANRX2 (CAN receive data 1, 2) --- Input

These are data input signals for CAN1 and CAN2.

CANRX1 is available only for the V850/SC3.

CANRX2 is available only for the uPD703089Y and 70F3089Y.

CANTX1, CANTX2 (CAN transmit data 1, 2) --- Output
These are data output signals for CAN1 and CAN2.

CANTX1 is available only for the V850/SC3.

CANTX2 is available only for the uPD703089Y and 70F3089Y.

A1 to A4 (address 1 to 4)

These pins comprise an address bus for external access and operate as the A1 to A4 (22-bit address)
output pins. The output changes in synchronization with the rising edge of the clock in the T1 state of
the bus cycle. When the timing sets bus cycle to inactive, these pins hold the address of the bus cycle
immediately before.

A1 to A4 are available only for the V850/SC1 and V850/SC2.
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(12) P120 to P127 (port 12) -.- 3-state I/0
P120 to P127 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.
In addition to 1/O port pins, these pins can also be used as I/O pins for the serial interface, and outputs for the
timer/counter.

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

(b) Alternate functions

(i) SI5, SI6 (serial input 5, 6) --- Input
These are the serial receive data input pins for CSI5 and CSI6.

(ii) SO05, SO6 (serial output 5, 6) --- Output
These are the serial transmit data output pins for CSI5 and CSI6.

(iii) SCK5, SCKG6 (serial clock 5, 6) --- 3-state I/O
These are the serial clock 1/0O pins for CSI5 and CSI6.

(iv) TO10, TO11 (timer output 10, 11) --- Output
These are the pulse signal output pins for timers 10 and 11.

(13) P130 to P133 (port 13) --- 3-state I/0

P130 to P133 function as a 4-bit I/0 port in which input and output can be specified in 1-bit units.
These pins can only be used as I/O port pins.
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(14) P140 to P147 (port 14) -.- 3-state I/0
P140 to P147 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.
In addition to I/O port pins, these pins can also be used as I/O pins for the serial interface, and inputs for the
timer/counter.

(a) Port function
P140 to P147 can be set to input or output in 1-bit units using the port 14 mode register (PM14).

(b) Alternate functions

(i) SI3 (serial input 3) --- Input
This is the serial receive data input pin for CSIS3.

(ii) SO3 (serial output 3) --- Output
This is the serial transmit data output pin for CSI3.

(iii) SCKS (serial clock 3) --- 3-state I/0
This is the serial clock 1/0 pin for CSI3.

(iv) RXD1 (receive data 1) --- Input
This is the serial receive data input pin for UART1.

(v) TXD1 (transmit data 1) --- Output
This is the serial transmit data output pin for UART1.

(vi) ASCK1 (asynchronous serial clock 1) ... Input
This is the serial baud rate clock input pin for UART1.

(vii) TI100 (timer input 100) --- Input
This is the external count clock input and external capture trigger input pin for timer 10.

(viii) TI101 (timer input 101) --- Input
This is the external capture trigger input pin for timer 10.
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(15) P150 to P157 (port 15) -.- 3-state I/0

P150 to P157 function as an 8-bit I/O port in which input and output can be specified in 1-bit units.

In addition to I/O port pins, these pins can also be used as I/O pins for the serial interface and the timer/counter.

(a) Port function

P150 to P157 can be set to input or output in 1-bit units using the port 15 mode register (PM15).

(b) Alternate functions

U

(i)

(iif)

(iv)

)

(vi)

RXD3 (receive data 3) ... Input
This is the serial receive data input pin for UARTS3.

TXD3 (transmit data 3) ... Output
This is the serial transmit data output pin for UART3.

ASCKS3 (asynchronous serial clock 3) ... Input
This is the serial baud rate clock input pin for UARTS.

TI110 (timer input 110) ... Input

This is the external count clock input and external capture trigger input pin for timer 11.

T 11 (timer input 111) ... Input
This is the external capture trigger input pin for timer 11.

TI120 (timer input 120) ... Input

This is the external count clock input and external capture trigger input pin for timer 12.

(vii) TI121 (timer input 121) ... Input

This is the external capture trigger input pin for timer 12.

(viii) TO12 (timer output 12) ... Output

This is the pulse signal output pin for timer 12.
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(16) P170 to P176 (port 17) -.- 3-state I/0
P170 to P176 function as a 7-bit I/0 port in which input and output can be specified in 1-bit units.
In addition to 1/O port pins, these pins can also be used as Vooo = 4.5 V monitor output. During 8-bit access of
port 17, the highest bit is ignored during a write operation and is read as “0” during a read operation.

(a) Port function
P170 to P176 can be set to input or output in 1-bit units using the port 17 mode register (PM17).

(b) Alternate function

(i) VMA45 (Vooo =4.5 V monitor output) ... Output
This is the Voo = 4.5 V monitor output pin.

(17) RESET (reset) --- Input
RESET is a signal that is input asynchronously and 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 signal can also be used to cancel a
standby mode (HALT, IDLE, or STOP mode).

(18) Mode (mode)
This is pin used in other than the uPD78F3089.
Connect to GNDO to GND2 in normal operating mode.

(19) CLKOUT (clock output) --- Output
This pin outputs internally generated bus clocks.

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

(21) XT1, XT2 (crystal for sub-clock)
These pins are used to connect the resonator that generates the subclock.

(22) ADCVop (power supply for analog)
This is the analog power supply pin for the A/D converter and alternate-function ports.
This pin also functions as a reference voltage pin for the A/D converter.

(23) ADCGND (ground for analog)
This is the ground pin for the A/D converter and alternate-function ports.

(24) CPUREG (regulator control)

This is the regulator pin for the CPU power supply. Connect this pin to GNDO to GND2 via a capacitor of 1 uF
(recommended value).
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(25) PORTVooo to PORTVbb2 (power supply for port)
These are positive power supply pins for I/O ports and alternate-function pins.

(26) PORTGNDO, PORTGND1 (ground for port)
These are ground pins for I/O ports and alternate-function pins (except for the alternate-function ports of the bus
interface).

(27) Vooo, Vob1 (power supply)
These are positive power supply pins. Vooo and Vop1 pins should be connected to a positive power source.

(28) GNDO to GND2 (ground)
These are ground pins. All the GNDO to GND2 pins should be grounded.

(29) Vep (programming power supply)

This is the positive power supply pin used for flash memory programming mode.
This pin is used in the uPD70F3089Y. Connect to either GNDO, GND1, or GND2 in normal operating mode.

User's Manual U15109EJ3VOUD 81



CHAPTER 2 PIN FUNCTIONS

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

(1/3)
Pin Alternate Function 1/0 Circuit Type 1/0 Recommended Connection
Buffer
Power
Supply
P00 NMI 8 PORTVop1 | Input: Independently connect to PORTVoor,

PORTGNDO, or PORTGND1 via a resistor.
Output: Leave open.

P01 to PO3 | INTPO to INTP2

P04 INTP3 PORTVop2 | Input: Independently connect to PORTVooz,
PORTGNDO, or PORTGND1 via a resistor.

P05 INTP4/ADTRG

OQutput: Leave open.
P06, PO7 INTP5, INTP6

P10 SI0/SDAO 10 PORTVop1 | Input: Independently connect to PORTVoor,

P11 sS00 5 PORTGNDO, or PORTGND1 via a resistor.
— Output: Leave open.

P12 SCKO0/SCLO 10

P13 SI4/RXD0 8

P14 SO4/TXD0 5

P15 SCK4/ASCKO 8

P16 - 5

P17 TI5/TO5 8

P20 SI2/SDA1 10 PORTVop2 | Input: Independently connect to PORT Vopz,

P21 sSO2 5 PORTGNDO, or PORTGND1 via a resistor.
—— Output: Leave open.

P22 SCK2/SCLA 10

P23, P24 TI9O, TI91 8

P25 TO9 5

P26 IERXQ""" 8

P27 IETXQ""" 5

P30 TI6/TO6 8 PORTVopt | Input: Independently connect to PORTVoor,

P31, P32 TI80, TI81 PORTGNDO, or PORTGND1 via a resistor.

OQutput: Leave open.

P33 TO8 5

P34 TI71/A13"%*? 8

P35, P36 INTP7/A14"%"?,
INTP8/A15""?

P37 INTP9

P40 to P47 | ADO to AD7 5 PORTVooo | Input: Independently connect to PORTVooo,

P501to P57 | ADS to AD15 PORT Vom0 PORTGNDO, or PORTGND1 via a resistor.

OQutput: Leave open.
P60 to P65 | A16 to A21 PORTVooo

Notes 1. Only for the V850/SC2
2. Only for the V850/SC1 and V850/SC2
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(2/3)
Pin Alternate Function 1/0 Circuit Type 1/0 Recommended Connection
Buffer
Power
Supply
P70 to P77 | ANIO to ANI7 9 ADCVob Independently connect to ADCVoo or ADCGND via a
P80 to P83 | ANIS to ANI11 9 ADCVep | fesistor
P90 LBEN/WRL"™"" 5 PORTVooo | Input: Independently connect to PORTVooo,
P91 UBEN PORTGNDO, or PORTGND1 via a resistor.
p— tput: L .
oz RVWRE " Outpu eave open
P93 DSTB/RD"™*"
P94 ASTB
P95 HLDAK
P96 HLDRQ
P100 KRO/TO7/A5""" 8-A PORTVoo1 | Input: Independently connect to PORTVopr,
P101 KR1/TI70/A6""" PORTGNDO or PORTGND1 via a resistor.
When connecting to PORTGNDO or
P102 KR2/TI00/A7"""
PORTGND1, disconnect on-chip pull-up
P103 KR3/TI01/A8™"" resistors by software.
P104 KR4/TO0/AQ""" Output: Leave open.
P105 KR5/TI10/A10"%""
P106 KR6/TI11/A11"""
P107 KR7/TO1/A12""!
P110 WAIT/A1""! 5 PORTVoo1 | Input: Independently connect to PORTVopr,
P111 to A2 to Ag™e! PORTGNDO, or PORTGND1 via a resistor.
P113 Output: Leave open.
P114 CANTX "2
P115 CANRX1"*? 8
P116 CANTX2"*® 5
P117 CANRX2"*® 8
P120 SCK5 8 PORTVoo2 | Input: Independently connect to PORTVboz,
P121 sI5 PORTGNDO, or PORTGND1 via a resistor.
P22 S05 5 Output: Leave open.
P123 SCK6 8
P124 Sl6
P125 SO6 5
P126, P127 | TO10, TO11
P130 to - 5 PORTVoo2 | Input: Independently connect to PORT Vooz,
P133 PORTGNDO, or PORTGND1 via a resistor.
Output: Leave open.
Notes 1. Only for the V850/SC1 and V850/SC2

2. Only for the V850/SC3
3. Only for the uPD703089Y and 70F3089Y
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(3/3)
Pin Alternate Function |1/O Circuit Type 1/0 Recommended Connection

Buffer

Power

Supply
P140 SI3/RXD1 8 PORTVop2 | Input: Independently connect to PORTVooz,
P141 SO3/TXD1 5 PORTGNDO, or PORTGND1 via a resistor.
P42 SCKB/ASCK1 5 Output: Leave open.
P143 RXD2
P144 TXD2 5
P145 ASCK2 8
P146, P147 TI100, TI101
P150 RXD3 8 PORVbp2 | Input: Independently connect to PORTVboz,
P151 TXD3 5 PORTGNDO, or PORTGND1 via a resistor.
P152 ASCK3 3 OQutput: Leave open.
P153, P154 TI110, TI111
P155 TO12 5
P156, P157 TI120, THH21 8
P170 to - 5 Vo1 Input: Independently connect to Vooi, PORTGNDO,
P175 or PORTGND1 via a resistor.
P176 VM45 OQutput: Leave open.
CLKOUT - 4 PORTVooo | Leave open.
RESET - 2 Vopo -
X1, X2 - - CPUREG -
XT1, XT2 - - -
CPUREG - - - -
Vephe! MODE - Vbno Connect to either GNDO, GND1, or GND2.
MODE""? Vep - Vobo Connect to either GNDO, GND1, or GND2.
Vbbo, Vbb1 - - - -
GNDO to - - - -
GND2
ADCVbp - - - -
ADCGND - - - -
PORTVooo to - - - -
PORTVob2
PORTGNDO, - - - -
PORTGND1

Notes 1. uPD70F3089Y
2. Other than uPD70F3089Y
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2.5 Pin I/O Circuits

A

Type 2 Type 8-A
IN Voo
Pullup |
enable {>° ) | P-ch
DD
Data ’:Do—| P-ch
Schmitt-triggered input with hysteresis characteristics
—o IN/OUT
Output disable N-ch
Type 4 Type 9
Vob _l_
Data ’:Do—' P-ch o— i Comparator
N-ch |¥
out T 7_71;
Output % Nech Vrer (threshold voltage)
disable ¢ 4/_Do—>
Input enable
Push-pull output that can be set for high impedance output
(both P-ch and N-ch off).
Type 5 Type 10
Vop Voo
Data —':D0—| P-ch Data —o:Do__l
P-ch
»—o IN/OUT INOUT
drai
Output «— N-ch Open. rain -
disable Output disable
Input enable i
Type 8
Voo
Data——t+—{ | > pcn
IN/OUT
Output disable N-ch
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The CPU of the V850/SC1, V850/SC2, and V850/SC3 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/SC1: 50 ns (@ 20 MHz internal operation)
V850/SC2: 53 ns (@ 18.87 MHz internal operation)
V850/SC3: 62.5 ns (@ 16 MHz internal operation)
e Address space: 16 MB linear
e General-purpose registers: 32 bits x 32
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 instructions 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/SC1, V850/SC2, and V850/SC3 can be classified into two categories: a general-
purpose program register set and a dedicated system register set. All the registers have a 32-bit width. 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

r 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

r7

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

Table 3-1. Program Registers

Name Usage Operation
r0 Zero register Always holds 0
r 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 being used)
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 functions
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 0 is fixed to 0, and branching to an odd address is not possible.

After reset: 00000000H
Symbol 31 24 23 1 0

PC Fixed to 0 Address of instruction under execution 0
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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 the PC and PSW when an NMI

3 FEPSW occurs.

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

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

6 to 31 Reserved

To read/write these system registers, specify the 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 the exception code, refer to Table 7-1.)
EICC Exception code of exception/interrupt
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(2) Program status word (PSW)

After reset: 00000020H

31

PSW

RFU NP | EP | ID |SAT|CY |OV| S | Z

RFU

Reserved field (fixed to 0).

NP

Non-maskable interrupt (NMI) servicing status

NMI servicing not under execution.

NMI servicing under execution.
This flag is set (1) when an NMI is acknowledged, and disables multiple
interrupts. For details, refer to 7.2.3 NP flag.

EP

Exception processing status

Exception processing not under execution.

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 7.4.3 EP flag.

Maskable interrupt servicing specification

Maskable interrupt acknowledgement enabled.

Maskable interrupt acknowledgement disabled.
This flag is set (1) when a maskable interrupt request is acknowledged. For
details, refer to 7.3.6 1D flag.

S ATNole

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.

Saturated.

cYy

Detection of carry or borrow of operation result

Overflow has not occurred.

Overflow occurred.

Detection of overflow during operation

Overflow has not occurred.

Overflow occurred.

Detection of operation result positive/negative

The operation result was positive or 0.

The operation result was negative.

90
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(2/2)
4 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 S operation result
Maximum positive value exceeded 1 1 0 7FFFFFFFH
Maximum negative value exceeded 1 1 1 80000000H
Positive (not exceeding the maximum) | Retains 0 0 Operation result itself
Negative (not exceeding the maximum)| the value 1
before
operation
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3.3

Operating Modes

The V850/SC1, V850/SC2, and V850/SC3 have the following operating modes.

)

)

92

Normal operating mode (single-chip mode)

After the system has been released from the reset state, the pins related to the bus interface are set to port mode,
execution branches to the reset entry address of the internal ROM, and the instruction processing written in the
internal ROM is started. External expansion mode can be entered by setting the memory expansion mode
register (MM) via an instruction, enabling an external device to be connected to the external memory area.

Flash memory programming mode
This mode is provided only in the uPD70F3089Y. The internal flash memory can be programmed or erased when

the Vrp voltage is applied to the Vep pin.

Vep Operating Mode
0 Normal operating 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 CPU of the V850/SC1, V850/SC2, and V850/SC3 has 32-bit architecture and supports up to 4 GB of linear
address space (data space) during operand addressing (data access). When referencing instruction addresses, a
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 I
O00FFFFFFH
Program area
(16 MB linear)
00000000H A B
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3.4.2 Imaging

The 4 GB CPU address space can be viewed as 256 images of a 16 MB physical address space. In other words,
the same 16 MB block is accessed regardless of the values of bits 31 to 24 of the CPU address. The address space
imaging 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, ... FEO00000H, FFOO0000H.

Figure 3-3. Address Space Imaging

CPU address space

FFFFFFFFH |
Image
FFO00000H : '
FEFFFFFFH \ N
Image \ \ \ R

Physical address space

FEO00000H . P —— xxFFFFFFH
FDFFFEFEH On-chip peripheral I/O
: R Internal RAM
Image \‘/\ !
~ ~ . N (Access prohibited)
02000000H o SN
01FFFFFFH Internal ROM XX000000H
Image
01000000H P /!
OOFFFFFFH s
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
OOFFFFFFH
00000000H

00000001H

(2) Data space

The result of an 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/SC1, V850/SC2, and V850/SC3 reserve areas as shown below.

xxFFFFFFH

xxFFFOOOH
xxFFEFFFH

xxFF8000H

Figure 3-6.

Single-chip mode

Memory Map

Single-chip mode

(external expansion mode)

On-chip peripheral
I/O area

On-chip peripheral
1/0 area

Internal RAM area

Internal RAM area

xxFF7FFFH

xx100000H

FCAN address
area

FCAN address
area

External
memory area

xXOFFFFFH

xx000000H
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Internal flash memory/
ROM area

Internal 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.

512 KB are available for the addresses xx000000H to xx07FFFFH.
Addresses xx080000H to xxOFFFFFH are an access-prohibited area

Figure 3-7. Internal ROM/Flash Memory Area

xxOFFFFFH
Access-prohibited
area

xx080000H | |
xx07FFFFH

Internal ROM/

flash memory
xx000000H
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Interrupt/exception table

The V850/SC1, V850/SC2, and V850/SC3 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. The sources of interrupts/exceptions, and the
corresponding addresses are shown below.

Table 3-3. Interrupt/Exception Table

Start Address of Interrupt/Exception Source Start Address of Interrupt/Exception Source

Interrupt/Exception Table Interrupt/Exception Table
00000000H RESET 00000210H INTSRO/INTCSI4
00000010H NMI 00000220H INTSTO
00000020H INTWDT 00000230H INTKR
00000040H TRAPOn (n=0to F) 00000240H INTCE1" " ¥INTIE1""®
00000050H TRAP1n (n=0to F) 00000250H INTCR1""%INTIE2""®
00000060H ILGOP 00000260H INTCT1""*?
00000080H INTWDTM 00000270H INTCME™"?
00000090H INTPO 00000280H INTTM80
000000A0H INTP1 00000290H INTTM81
000000BOH INTP2 000002A0H INTTM90
000000COH INTP3 000002BOH INTTMO1
000000D0OH INTP4 000002COH INTSR1/INTCSI3
000000EOH INTP5 000002D0OH INTSTH
000000FOH INTP6 000002E0H INTDMA3
00000100H INTCSI5 000002F0H INTDMA4
00000110H INTAD 00000300H INTDMA5
00000120H INTDMAO 00000310H INTCE2""*
00000130H INTDMAT1 00000320H INTCR2""*
00000140H INTDMA2 00000330H INTCT2""*
00000150H INTTMO0 00000340H INTP7
00000160H INTTMO1 00000350H INTSR2
00000170H INTTM10 00000360H INTST2
00000180H INTTM11 00000370H INTSR3
00000190H INTTM70 00000380H INTST3
000001A0H INTTM71 00000390H INTTM100
000001BOH INTCSI6 000003A0H INTTM101
000001COH INTTM5/INTP8"*" 000003B0OH INTTM110
000001DOH INTWTN 000003COH INTTM111
000001EOH INTWTNI 000003DOH INTTM120
000001FOH INTIICO/INTCSIO 000003EOH INTTM121
00000200H INTTM6/INTPQ" " 000003FOH INTIIC1/INTCSI2

Notes 1. When using INTP8 or INTP9, stop TM5 and TM6 (TCEmO bit of TMCmO register = 0) and do not use
them. When using TM5 or TM6, do not specify edges for INTP8 and INTP9 (EGP1n bit of EGP1
register = 0 and EGN1n bit of EGN1 register = 0) and do not use them as external interrupts (they can
be used as ports) (n =6, 7).

2. Only for the V850/SC3
3. Only for the V850/SC2
4. Only for the uPD703089Y and 70F3089Y
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(2) Internal RAM area
An area of 28 KB maximum is reserved for the internal RAM area.
24 KB are available for the addresses xxFF9000H to xxFFEFFFH.
Addresses xxFF8000H to xxFF8FFFH are an access-prohibited area

Figure 3-8. Internal RAM Area

xxFFEFFFH

Internal RAM
xxFF9oOOOH | |
xxFF8FFFH Access-prohibited
xxFF8000H area
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(3) On-chip peripheral I/O area

100

A 4 KB area of
V850/SC2, and
chip peripheral

addresses FFFOOOH to FFFFFFH is reserved as an on-chip peripheral I/O area. The V850/SC1,
V850/SC3 are provided with a 1 KB area of addresses FFFOOOH to FFF3FFH as a physical on-
I/O area. The rest of the area (FFF400H to FFFFFFH) shows images of these addresses.

Peripheral 1/O registers associated with the operating mode specification and state monitoring for the on-chip

peripherals are

area.
Cautions 1.

2

3

4

5

all memory-mapped to the on-chip peripheral 1/0 area. Program fetches are not allowed in this

Figure 3-9. On-Chip Peripheral /0 Area

xxFFFFFFH N

Image AN
xxFFFCOOH \
xxFFFBFFH Lo

Nl Physical on-chip
\ NN peripheral I/O

Image N b 3FFH
xxFFF800H TN |
xxFFF7FFH < s Peripheral I/O

Image S 000H
xxFEF400H L
xxFFF3FFH !

Image ///
xxFFF0O00H /

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 address n 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 the register with address n and the second operation (higher 16
bits) accesses the register with address n + 2.

. If a register with address n 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 the register with address n and the second operation (higher 16
bits) accesses the register with address n + 2.

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

addresses are accessed, the operation is undefined and not guaranteed.

User's Manual U15109EJ3VOUD



CHAPTER 3 CPU FUNCTIONS

(4) External memory

The V850/SC1, V850/SC2, and V850/SC3 can use an area of up to 16 MB (xx100000H to xxFF7FFFH) for

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

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

Caution Addresses xxnFF800H to xxnFFFFFH (n = 3, 7, B) constitute an access-prohibited area because
this is an FCAN address area.

Figure 3-10. External Memory Area (When Expanded to 64 KB, 256 KB, or 1 MB)

xxFFFFFFH On-chip peripheral /0
Internal RAM
xxFF7FFFH
Image
Image
Image
xx100000H
Internal ROM
xx000000H
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External memory

xFFFFH

x0000H
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102

Figure 3-11. External Memory Area (When Expanded to 4 MB)

Physical external memory

xxFFFFFFH On-chip peripheral I/O
Internal RAM
xxFF7FFFH
Image
xxC0O0000H
xxBFFFFFH
xx800000H |
xx7FFFFFH
Image
xx400000H
xx3FFFFFH
Image
xx100000H
xxOFFFFFH
Internal ROM
xx000000H

FCAN address area

))

External memory
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3.4.6 External expansion mode

The V850/SC1, V850/SC2, and V850/SC3 allow external devices to be connected to the external memory space
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 using the memory expansion mode register (MM).

In the V850/SC1 and V850/SC2, the address bus (A1 to A15) is set to multiplexed output with the data bus (D1 to
D15), however, separate output is also available by setting the memory address output mode register (MAM) (see the
User’s Manual of the relevant in-circuit emulator about debugging when using the separate bus).

Caution Because the A1 pin and WAIT pin are alternate-function pins for the V850/SC1 and V850/SC2, the
WAIT pin based wait function cannot be used when using a separate bus (programmable wait
can be used, however). Similarly, a separate bus cannot be used when the WAIT pin based wait
function is being used.

Because the V850/SC1, V850/SC2, and V850/SC3 are fixed to single-chip mode in the normal operating mode, the
pins related to the bus interface are set to port mode, disabling use of the external memory. When the external
memory is used (external expansion mode), specify the MM register or MAM register by program (for the V850/SC1
and V850/SC2) or specify the MM register by program (for the V850/SC3).
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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 V850/SC1, V850/SC2, and V850/SC3. In the
external expansion mode, an external device can be connected to an 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- 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 operating 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 AD7 AD8 to AD15 LBEN,
expansion mode UBEN,
1 0 0 256 KB A6, R/W, DSTB,
expansion mode A17 LSTB’
WRLNote’
1 0 1 1 MB A18, WRHNm
expansion mode A19 RD™*
1 1 X 4 MB A20,
expansion mode A21
Other than above RFU (reserved)

Note Only for the V850/SC1 and V850/SC2

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

Remark For details of the operation of each port pin, refer to 2.3 Description of Pin Functions.

104 User's Manual U15109EJ3VOUD



CHAPTER 3 CPU FUNCTIONS

(2) Memory address output mode register (MAM)
This register sets the mode of ports 3, 10, and 11 in the V850/SC1 and V850/SC2. 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: FFFFFO68H
Symbol 7 6 5 4 3 2 1 0
MAM 0 0 0 0 0 MAM2 MAMH1 MAMO
MAM2 | MAM1 | MAMO Address space Port 11 Port 10 Port 3
0 0 0 - Port mode
0 1 0 32 bytes Alto A4
0 1 1 512 bytes A5 to
1 0 0 8 KB A8 | agto
1 0 1 16 KB A2 1 a13
1 1 0 32 KB Al4
1 1 1 64 KB A15
Other than above Setting prohibited

Caution The memory address output mode register (MAM) cannot be debugged by an in-circuit
emulator. Also, switching to a separate bus is not possible by setting the MAM register
using software.

For details, refer to the User’s Manual of the relevant in-circuit emulator.

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

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

<1> Set the Pn bit of port m (Pm) used for separate output to 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 bus is used as an alternate-function pin for other than the
separate bus, turn off the function that uses the alternate-function pin.

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

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

Remark Whenm=3: n=34to0 36

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

The architecture of the V850/SC1, V850/SC2, and V850/SC3 requires that a register that serves as a pointer be
secured for address generation when accessing operand data in the data space. Operand data can be accessed
directly from an instruction in the £32 KB above and below the address in this pointer register. However, the general-
purpose registers that can be used as a pointer register are 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/SC1, V850/SC2,
and V850/SC3, 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 utilizing 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/SC1, V850/SC2, and V850/SC3, a 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 an address
sign-extended to 32 bits.

(a) Application of wrap-around
For example, when R = rO (zero register) is specified for the LD/ST disp16 [R] instruction, an addressing
range of 00000000H £32 KB can be referenced by a sign-extended, 16-bit displacement value. All resources
including on-chip hardware can therefore 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 3-12. Application of Wrap-Around

0007FFFFH
00007FFFH
Internal
ROM area 32K8
(R =) 00000000H
FFFFFO00H On-chip peripheral /0 area 4 KB
Internal RAM area 24 KB
FFFF9000H
FFFF8000H | Access prohibited area 4 KB
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Figure 3-13. Recommended Memory Map (Flash Memory Version)

Program space Data space

FFFFFFFFH

On-chip \\\
peripheral I/O N
FFFFF400H| [ 77 .
FFFFF3FFH
FFFFFOOOH| .
FFFFEFFFH .
Internal N
RAM . xxFFFFFFH
L7 Internal
FFFF8000H o peripheral /0
FFFF7FFFH| L o xxFFF400H
External xxFFF3FFH
memory e xxFFFOOOH
FF800000H L xxFFEFFFH
FF7FFFFFH . Internal
~L L L RAM
01000000H R . y xxFF9000H
O0OFFFFFFH N Access prohibited | XXFF8FFFH
Internal N area xxFF8000H
peripheral |t Extema |*FF7FFFH
lfQtete? || memory |,.800000H
O00FFFOOOH / xx7FFFFFH
0OFFEFFFH Note 2
Internal ) xx100000H
RAM )/ Internal xxOFFFFFH
J/ [  ROM xx080000H
OOFF8000H / XxO7FFFFH
16 MB< OOFF7FFFH / <(000000H
External ) %
memory K R
00800000H || ’
007FFFFFH O
External e )/
memory |7 /
8 MB 00100000H .7 )/
000FFFFFH Internal Internal )/
00080000H| ROM | ROM |
0007FFFFH i p
00000000H /

Notes 1. This area cannot be used as a program area.
2. Addresses xxnF800H to xxnFFFFH (n = 3, 7, B) constitute an FCAN address area and cannot be
accessed during external expansion.

Remarks 1. The arrows indicate the recommended area.
2. This is a recommended memory map for the uPD70F3089Y.
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3.4.8 Peripheral I/O registers

(1/10)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits|32 Bits
FFFFFOOOH | Port0 PO R/W \ \ 00H"™™
FFFFFO02H Port 1 P1 V V
FFFFFO04H Port 2 P2 V V
FFFFFO06H | Port 3 P3 N N
FFFFFO08H | Port 4 P4 N N
FFFFFOOAH Port 5 P5 V V
FFFFFOOCH | Port6 P6 V V
FFFFFOOEH | Port7 P7 R \ \ Undefined
FFFFFO10H | Port8 P8 N N
FFFFFO12H Port 9 P9 R/W V V 00H""*
FFFFFO14H | Port 10 P10 v v
FFFFFO16H | Port 11 P11 N N
FFFFFO18H | Port 12 P12 N N
FFFFFO1AH | Port 13 P13 v v
FFFFFO1CH | Port 14 P14 v v
FFFFFO1EH | Port 15 P15 N N
FFFFFO20H | Port 0 mode register PMO v v FFH
FFFFFO22H | Port 1 mode register PM1 V V FFH
FFFFFO24H | Port 2 mode register PM2 V V FFH
FFFFF026H | Port 3 mode register PM3 v v
FFFFF028H | Port 4 mode register PM4 v v
FFFFFO2AH | Port 5 mode register PM5 V V
FFFFFO2CH | Port 6 mode register PM6 V V 3FH
FFFFFO32H | Port 9 mode register PM9 v v 7FH
FFFFFO34H | Port 10 mode register PM10 v v FFH
FFFFFO36H Port 11 mode register PM11 V V FFH
FFFFFO38H | Port 12 mode register PM12 V V
FFFFFO3AH | Port 13 mode register PM13 v v OFH
FFFFFO3CH | Port 14 mode register PM14 v v FFH
FFFFFO3EH | Port 15 mode register PM15 V V
FFFFFO40H | Port alternate-function control register PAC V V 00H
FFFFFO42H | Port alternate-function control register 2 PAC2 v v
FFFFF048H | Port 17 P17 N N
FFFFFO4CH | Memory expansion mode register MM V V
FFFFFO58H Port 17 mode register PM17 V V 7FH

Note Resetting initializes registers to input mode, so the pin level is read during a read operation. The output
latch is initialized to OOH.
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(2/10)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits|32 Bits
FFFFFO60H Data wait control register DWC R/W v FFFFH
FFFFFO62H Bus cycle control register BCC v AAAAH
FFFFF064H | System control register™’ SYC N Y 00H
FFFFF068H | Memory address output mode register"’ MAM W N
FFFFFO70H | Power save control register PSC R/W \ \ COH
FFFFFO74H | Processor clock control register PCC \ \ 03H
FFFFFO76H POC control register POCC v O0H
FFFFFO78H | System status register SYS \ \ 00H
FFFFFO7AH | POC status register POCS R N Held""*?
FFFFFO7CH | VM45 control register VM45C R/W v 00H
FFFFF094H | Pull-up resistor option register 10 PU10 V V
FFFFFOA2H | Port 1 function register PF1 v v
FFFFFOA4H | Port 2 function register PF2 V 3
FFFFFOCOH | Rising edge specification register 0 EGPO v v
FFFFFOC2H | Falling edge specification register 0 EGNO V V
FFFFFOC4H | Rising edge specification register 1 EGP1 v v
FFFFFOC6H | Falling edge specification register 1 EGN1 V V
FFFFFODOH | 16-bit timer register 10 T™M10 R v 0000H
FFFFFOD2H | 16-bit capture/compare register 100 CR100 Note 3 V
FFFFFOD4H | 16-bit capture/compare register 101 CR101 R
FFFFFOD6H | Prescaler mode register 100 PRM100 | R/W V O00OH
FFFFFOD8H | 16-bit timer mode control register 10 TMC10 v v
FFFFFODAH | Capture/compare control register 10 CRC10 V
FFFFFODCH | Timer output control register 10 TOC10 v v
FFFFFODEH | Prescaler mode register 101 PRM101 v
FFFFFOEOH | 16-bit timer register 11 T™M11 R v 0000H
FFFFFOE2H 16-bit capture/compare register 110 CR110 Note 3 V
FFFFFOE4H 16-bit capture/compare register 111 CE111 R
FFFFFOE6H | Prescaler mode register 110 PRM110 | R/W V O00OH
FFFFFOE8H | 16-bit timer mode control register 11 TMC11 v v
FFFFFOEAH | Capture/compare control register 11 CRC11 V
FFFFFOECH | Timer output control register 11 TOC11 v v
FFFFFOEEH | Prescaler mode register 111 PRM111 V
FFFFFOFOH 16-bit timer register 12 ™12 R v 0000H
FFFFFOF2H 16-bit capture/compare register 120 CR120 Note 3 V
FFFFFOF4H 16-bit capture/compare register 121 CR121 R
Notes 1. Only for the V850/SC1 and V850/SC2
2. This value is O3H only after a power-on-clear reset. This cannot be reset by RESET signal input or
watchdog timer.
3. Incompare mode: R/W

In capture mode: R
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(3/10)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits|32 Bits
FFFFFOF6H Prescaler mode register 120 PRM120 R/W v 00H
FFFFFOF8H | 16-bit timer mode control register 12 TMC12 v v
FFFFFOFAH | Capture/compare control register 12 CRC12 V V
FFFFFOFCH | Timer output control register 12 TOC12 v v
FFFFFOFEH Prescaler mode register 121 PRM121 V
FFFFF100H | Interrupt control register WDTIC v v 47H
FFFFF102H | Interrupt control register PICO V 3
FFFFF104H | Interrupt control register PIC1 V 3
FFFFF106H | Interrupt control register PIC2 v v
FFFFF108H | Interrupt control register PIC3 V 3
FFFFF10AH | Interrupt control register PIC4 v v
FFFFF10CH | Interrupt control register PIC5 V 3
FFFFF10EH | Interrupt control register PIC6 v v
FFFFF110H | Interrupt control register CSIC5 v v
FFFFF112H | Interrupt control register ADIC V 3
FFFFF114H | Interrupt control register DMAICO v v
FFFFF116H | Interrupt control register DMAICH V 3
FFFFF118H | Interrupt control register DMAIC2 v v
FFFFF11AH | Interrupt control register TMICO00 V 3
FFFFF11CH | Interrupt control register TMICO1 V 3
FFFFF11EH | Interrupt control register TMIC10 v v
FFFFF120H | Interrupt control register TMIC11 V 3
FFFFF122H | Interrupt control register TMIC70 v v
FFFFF124H | Interrupt control register TMICT71 V 3
FFFFF126H | Interrupt control register CSIC6 v v
FFFFF128H | Interrupt control register TMIC5 v v
FFFFF12AH | Interrupt control register WTNIC V 3
FFFFF12CH | Interrupt control register WTNIIC v v
FFFFF12EH | Interrupt control register CSICo J J
FFFFF130H | Interrupt control register TMIC6 V 3
FFFFF132H | Interrupt control register CSIC4 v v
FFFFF134H | Interrupt control register STICO v v
FFFFF136H | Interrupt control register KRIC V 3
FFFFF138H | Interrupt control register Note 1 V 3
FFFFF13AH | Interrupt control register Note 2 v v
FFFFF13CH | Interrupt control register"*® CANIC3 y y
FFFFF13EH | Interrupt control register"** CANIC7 V V
Notes 1. CANIC1 (V850/SC3)/IEBIC1 (V850/SC2)
2. CANIC2 (V850/SC3)/IEBIC2 (V850/SC2)
3. Only for the V850/SC3
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(4/10)
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 TMIC80 R/W N N 47H
FFFFF142H Interrupt control register TMIC81 v
FFFFF144H Interrupt control register TMIC90 v v
FFFFF146H Interrupt control register TMICO1 v v
FFFFF148H | Interrupt control register CSIC3 V v
FFFFF14AH | Interrupt control register STIC1 3 V
FFFFF14CH | Interrupt control register DMAIC3 v v
FFFFF14EH | Interrupt control register DMAIC4 v v
FFFFF150H Interrupt control register DMAIC5 3 V
FFFFF152H | Interrupt control register*™ CANIC4 v v
FFFFF154H | Interrupt control register"™ CANICS v N
FFFFF156H | Interrupt control register** CANIC6 v v
FFFFF158H Interrupt control register PIC7 3 V
FFFFF15AH | Interrupt control register SRIC2 \ 3
FFFFF15CH | Interrupt control register STIC2 v v
FFFFF15EH Interrupt control register SRIC3 \ \
FFFFF160H | Interrupt control register STIC3 J v
FFFFF162H | Interrupt control register TMIC100 3 V
FFFFF164H | Interrupt control register TMIC101 v N
FFFFF166H | In-service priority register ISPR R v v 00H
FFFFF168H | Interrupt control register TMIC110 | R/W N N 47H
FFFFF16AH | Interrupt control register TMIC111 v v
FFFFF16CH | Interrupt control register TMIC120 v v
FFFFF16EH | Interrupt control register TMCI121 v v
FFFFF170H | Command register PRCMD w N Undefined
FFFFF172H | Interrupt control register Csic2 R/W J J 47H
FFFFF180H | DMA peripheral I/O address register 0 DIOAO v Undefined
FFFFF182H | DMA internal RAM address register O DRAO v
FFFFF184H | DMA byte count register 0 DBCO v
FFFFF186H | DMA channel control register O DCHCO N \/ 00H
FFFFF190H | DMA peripheral I/O address register 1 DIOAT1 v Undefined
FFFFF192H | DMA internal RAM address register 1 DRA1 v
FFFFF194H DMA byte count register 1 DBC1 V
FFFFF196H | DMA channel control register 1 DCHC1 J J 00H
FFFFF1AOH | DMA peripheral I/O address register 2 DIOA2 v Undefined
FFFFF1A2H | DMA internal RAM address register 2 DRA2 v
FFFFF1A4H | DMA byte count register 2 DBC2 \

Note Available only for the uPD703089Y and 70F3089Y.
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(5/10)
Address Function Register Name Symbol | R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits|32 Bits
FFFFF1A6H | DMA channel control register 2 DCHC2 | R/W V V 00H
FFFFF1BOH | DMA peripheral I/O address register 3 DIOA3 v Undefined
FFFFF1B2H | DMA internal RAM address register 3 DRAS3 \
FFFFF1B4H | DMA byte count register 3 DBC3 v
FFFFF1B6H | DMA channel control register 3 DCHC3 V V 00H
FFFFF1COH | DMA peripheral I/O address register 4 DIOA4 \ Undefined
FFFFF1C2H | DMA internal RAM address register 4 DRA4 \
FFFFF1C4H | DMA byte count register 4 DBC4 v
FFFFF1C6H | DMA channel control register 4 DCHC4 V V 00H
FFFFF1DOH | DMA peripheral I/O address register 5 DIOA5 v Undefined
FFFFF1D2H | DMA internal RAM address register 5 DRA5 \
FFFFF1D4H | DMA byte count register 5 DBC5 v
FFFFF1D6H | DMA channel control register 5 DCHC5 V V 00H
FFFFF200H 16-bit timer register 0 T™MO R \ 0000H
FFFFF202H 16-bit capture/compare register 00 CROO Note \
FFFFF204H 16-bit capture/compare register 01 CRO1 \
FFFFF206H Prescaler mode register 00 PRMO0O R/W V 00H
FFFFF208H | 16-bit timer mode control register 0 TMCO V V
FFFFF20AH | Capture/compare control register O CRCO R R
FFFFF20CH | Timer output control register O TOCO v v
FFFFF20EH | Prescaler mode register 01 PRMO1 V
FFFFF210H 16-bit timer register 1 ™1 R \ 0000H
FFFFF212H 16-bit capture/compare register 10 CR10 Note \
FFFFF214H 16-bit capture/compare register 11 CR11 \
FFFFF216H Prescaler mode register 10 PRM10 R/W V 00H
FFFFF218H | 16-bit timer mode control register 1 TMCA V V
FFFFF21AH | Capture/compare control register 1 CRCH1 R R
FFFFF21CH | Timer output control register 1 TOCH1 v v
FFFFF21EH Prescaler mode register 11 PRM11 V
FFFFF230H | Asynchronous serial interface mode register 2 | ASIM2 V V
FFFFF232H | Asynchronous serial interface status register2 | ASIS2 R v v
FFFFF234H Baud rate generator control register 2 BRGC2 R/W v
FFFFF236H Transmit shift register 2 TXS2 w V FFH
FFFFF238H Receive buffer register 2 RXB2 R V
FFFFF23AH | Baud rate generator mode control register 20 BRGMC | R/W v 00H
20

Note In compare mode: R/W
In capture mode: R
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(6/10)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits {16 Bits|32 Bits
FFFFF23CH | Baud rate generator mode control register 21 BRGMC R/W V 00H
21

FFFFF240H | Clocked serial interface mode register 5 CSIM5 R/W V V

FFFFF242H | Clocked serial interface clock select register 5 CSICK5 v v

FFFFF244H | Clocked serial interface receive buffer register 5 | SIRB5 R \ 0000H

FFFFF246H | Clocked serial interface receive buffer register SIRBL5 V O00OH
L5

FFFFF248H | Clocked serial interface transmit buffer register 5 | SOTB5 R/W \ 0000H

FFFFF24AH | Clocked serial interface transmit buffer register SOTBL5 v v 00H
L5

FFFFF24CH | Clocked serial interface read-only receive buffer | SIRBE5 R \ 0000H
register 5

FFFFF24EH | Clocked serial interface read-only receive buffer | SIRBEL5 V V 00H
register L5

FFFFF250H | Clocked serial interface initial transmit buffer SOTBF5 R/W \ 0000H
register 5

FFFFF252H | Clocked serial interface initial transmit buffer SOTBFL5 v v 00H
register L5

FFFFF254H | Serial I/O shift register 5 SIO5 R \ 0000H

FFFFF256H | Serial I/O shift register L5 SIOL5 V V 00H

FFFFF260H | Clocked serial interface mode register 6 CSIM6 R/W V V 0000H

FFFFF262H | Clocked serial interface clock select register 6 CSICK6 v v 00H

FFFFF264H | Clocked serial interface receive buffer register 6 | SIRB6 R \ 0000H

FFFFF266H | Clocked serial interface receive buffer register SIRBL6 V O00OH
L6

FFFFF268H | Clocked serial interface transmit buffer register 6 | SOTB6 R/W \ 0000H

FFFFF26AH | Clocked serial interface transmit buffer register SOTBL6 v v 00H
L6

FFFFF26CH | Clocked serial interface read-only receive buffer | SIRBE6 R \ 0000H
register 6

FFFFF26EH | Clocked serial interface read-only receive buffer | SIRBEL6 V V 00H
register L6

FFFFF270H | Clocked serial interface initial transmit buffer SOTBF6 R/W \ 0000H
register 6

FFFFF272H | Clocked serial interface initial transmit buffer SOTBFL6 v v 00H
register L6

FFFFF274H | Serial I/O shift register 6 SI06 R \ 000H

FFFFF276H | Serial I/O shift register L6 SIOL6 V V 00H

FFFFF284H | Timer clock select register 60 TCL60 R/W V

FFFFF286H | Timer mode control register 60 TMC60 v v 04H""

Note Although the hardware status is initialized to 04H, O0H is readout if read.
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(7/10)
Address Function Register Name Symbol | R/'W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits |32 Bits
FFFFF28AH | 16-bit counter 6 TM6 R \ 0000H
FFFFF28CH | 16-bit compare register 6 CRe6 R/W v
FFFFF28EH | Timer clock select register 61 TCL61 v 00H
FFFFF2A0OH | Serial I/O shift register O SI100 v
FFFFF2A2H | Serial operation mode register 0 CSIMO V V
FFFFF2A4H | Serial clock select register 0 CSIS0 J
FFFFF2BOH | Asynchronous serial interface mode register 3 | ASIM3 v v
FFFFF2B2H | Asynchronous serial interface status register 3 | ASIS3 R v v
FFFFF2B4H | Baud rate generator control register 3 BRGC3 R/W V
FFFFF2B6H | Transmit shift register 3 TXS3 w V FFH
FFFFF2B8H | Receive buffer register 3 RXB3 R v
FFFFF2BAH | Baud rate generator mode control register 30 BRGMC R/W v 00H
30
FFFFF2BCH | Baud rate generator mode control register 31 BRGMC V
31
FFFFF2COH | Serial I/O shift register 2 SI102 V
FFFFF2C2H | Serial operation mode register 2 CSIM2 v v
FFFFF2C4H | Serial clock select register 2 CSIS2 v
FFFFF2DOH | Serial I/O shift register 3 S103 V
FFFFF2D2H | Serial operation mode register 3 CSIM3 V V
FFFFF2D4H | Serial clock select register 3 CSIS3 v
FFFFF2EOH | Variable-length serial I/O shift register 4 SI04 \ 0000H
FFFFF2E2H | Variable-length serial control register 4 CSIM4 V V 00H
FFFFF2E4H | Variable-length serial setting register 4 CsiB4 V V
FFFFF2E6H | Baud rate generator source clock select BRGCN4 v
register 4
FFFFF2E8H | Baud rate output clock select register 4 BRGCK4 v 7FH
FFFFF300H | Asynchronous serial interface mode register 0 | ASIMO V V 00H
FFFFF302H | Asynchronous serial interface status register 0 | ASISO R V V
FFFFF304H Baud rate generator control register 0 BRGCO R/wW v
FFFFF306H | Transmission shift register O TXSO0 W v FFH
FFFFF308H Reception buffer register 0 RXBO R V
FFFFF30EH | Baud rate generator mode control register 00 BRGMCO00| R/'W V 00H
FFFFF310H | Asynchronous serial interface mode register 1 | ASIM1 v v
FFFFF312H | Asynchronous serial interface status register 1 | ASIS1 R v v
FFFFF314H Baud rate generator control register 1 BRGCH1 R/W V
FFFFF316H Transmit shift register 1 TXS1 w V FFH
FFFFF318H Receive buffer register 1 RXB1 R v
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Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits|32 Bits
FFFFF31EH | Baud rate generator mode control register 10 | BRGMC10| R/W v O0H
FFFFF320H | Baud rate generator mode control register 01 | BRGMCO1 \
FFFFF322H Baud rate generator mode control register 11 | BRGMC11 \
FFFFF334H | Timer clock select register 50 TCL50 \
FFFFF336H | Timer mode control register 50 TMC50 N N 04H""*
FFFFF33AH | 16-bit counter 5 TM5 R V 0000H
FFFFF33CH | 16-bit compare register 5 CR5 R/wW v
FFFFF33EH | Timer clock select register 51 TCL51 \ 00H
FFFFF340H 11C control register 0 lICCO v \
FFFFF342H IIC status register 0 1ICSO R \ \
FFFFF344H | IIC clock select register O IICCLO R/wW \ \
FFFFF346H Slave address register 0 SVAO \
FFFFF348H IIC shift register 0 1ICO v
FFFFF34AH | 1IC function expansion register O 1ICX0 \ \
FFFFF34CH | IIC clock expansion register O IICCEO \
FFFFF350H | IIC control register 1 1ICCH \ \
FFFFF352H IIC status register 1 11ICS1 R v \
FFFFF354H 11C clock select register 1 lICCL1 R/W v \
FFFFF356H Slave address register 1 SVA1 \
FFFFF358H IIC shift register 1 1IC1 \
FFFFF35AH | IIC function expansion register 1 1ICX1 \ \
FFFFF35CH | IIC clock expansion register 1 IICCEA1 v
FFFFF360H | Watch timer mode register WTNM \ \
FFFFF364H | Watch timer clock select register WTNCS \
FFFFF366H Watch timer high-speed clock select register WTNHC N
FFFFF368H | IIC flag register O IICFO N N
FFFFF36AH | IIC flag register 1 IICF1 \ v
FFFFF36CH | Correction control register CORCN \ \
FFFFF36EH | Correction request register CORRQ \ \
FFFFF370H Correction address register 0 CORADO V 00000000H
FFFFF374H Correction address register 1 CORAD1 v
FFFFF378H Correction address register 2 CORAD2 v
FFFFF37CH | Correction address register 3 CORAD3 V
FFFFF380H Oscillation stable time select register OSTS v 01H
FFFFF382H | Watchdog timer clock select register WDCS \ 00H
FFFFF384H | Watchdog timer mode register WDTM \ \
FFFFF38EH | DMA start factor expansion register DMAS \ \

Note Although the hardware status is initialized to 04H, O0H is readout if read.
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Address Function Register Name Symbol | R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits |32 Bits
FFFFF390H 16-bit timer register 8 TM8 R v 0000H
FFFFF392H 16-bit capture/compare register 80 CR80 Note 1 v
FFFFF394H 16-bit capture/compare register 81 CR81 \
FFFFF396H Prescaler mode register 80 PRM80 R/W v 00H
FFFFF398H | 16-bit timer mode control register 8 TMC8 V V
FFFFF39AH | Capture/compare control register 8 CRC8 V V
FFFFF39CH | Timer output control register 8 TOC8 v v
FFFFF39EH | Prescaler mode register 81 PRM81 v
FFFFF3AOH | 16-bit timer register 7 T™7 R \ 0000H
FFFFF3A2H 16-bit capture/compare register 70 CR70 Note 1 v
FFFFF3A4H 16-bit capture/compare register 71 CR71 \
FFFFF3A6H | Prescaler mode register 70 PRM70 R/W v 00H
FFFFF3A8H | 16-bit timer mode control register 7 TMC7 V V
FFFFF3AAH | Capture/compare control register 7 CRC7 V V
FFFFF3ACH | Timer output control register 7 TOC7 v v
FFFFF3AEH | Prescaler mode register 71 PRM71 v
FFFFF3BOH 16-bit timer register 9 T™M9 R v 0000H
FFFFF3B2H | 16-bit capture/compare register 90 CR90 Note 1 v
FFFFF3B4H 16-bit capture/compare register 91 CR91 \
FFFFF3B6H | Prescaler mode register 90 PRM90 R/W v 00H
FFFFF3B8H | 16-bit timer mode control register 9 TMC9 V V
FFFFF3BAH | Capture/compare control register 9 CRC9 V V
FFFFF3BCH | Timer output control register 9 TOC9 v v
FFFFF3BEH | Prescaler mode register 91 PRM91 v
FFFFF3COH | A/D converter mode register 1 ADMA1 V V
FFFFF3C2H | Analog input channel specification register ADS V V
FFFFF3C4H | A/D conversion result register ADCR R \ 0000H
FFFFF3C6H | A/D conversion result register H (higher 8 bits) | ADCRH v 00H
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
FFFFF3EOH | IEBus control register"? BCR y y
FFFFF3E2H | IEBus local unit register*** UAR J 0000H
FFFFF3E4H | IEBus slave address register'™®? SAR N
FFFFF3E6GH | IEBus partner address register"™®* PAR R J
Notes 1. In compare mode: R/W
In capture mode: R
2. Only for the V850/SC2
116 User's Manual U15109EJ3VOUD



CHAPTER 3 CPU FUNCTIONS

(10/10)
Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit | 8 Bits |16 Bits|32 Bits
FFFFF3ESH | IEBus control data register**® CDR R/W N 01H
FFFFF3EAH | IEBus telegraph length register* DLR J
FFFFF3ECH | IEBus data register"™ DR \ 00H
FFFFF3EEH | IEBus unit status register*™ USR R \ \
FFFFF3FOH | IEBus interrupt status register* ISR R/W J \/
FFFFF3F2H | IEBus slave status register SSR R N N 41H
FFFFF3F4H | IEBus communication success counter™ SCR \ 01H
FFFFF3F6H | IEBus transmit counter"™® CCR \ 20H
FFFFF3F8H | IEBus clock select register*™ IECLK R/W N 00H
Note Only for the V850/SC2
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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, the system status register (SYS) is notified. The V850/SC1, V850/SC2, and V850/SC3 have two
specific registers, the power save control register (PSC) and processor clock control register (PCC). For details of the
PSC register, refer to 4.3.1 (2) Power save control register (PSC), and for details of the PCC register, refer to 4.3.1
(1) Processor clock control register (PCC).

The following sequence shows data setting in the specific registers.

<1>
<2>
<3>

<4>

<5>

<6>

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).

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 acknowledged between the time PRCMD is
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generated (<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 = 1) may occur. Therefore, set the NP bit of PSW to 1 (<2>) to disable the
acknowledgement 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.

2. Always stop DMA prior to accessing specific registers.

3. 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 4.6 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 erroneous program execution.
This register can be written in 8-bit units. It becomes undefined in a read cycle.
The 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 REG1 REGO
REGn Registration code
01 Any 8-bit data

Remark n=0to7

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

After reset: O0H R/W Address: FFFFFO078H
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 did not occur
1 Protection occurred

The operating conditions of the PRERR flag are shown below.

(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 /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 a specific register (including the PRCMD register and SYS register)
(b) Reset conditions: (PRERR = 0)
(1) When 0 is written to the PRERR flag of the SYS register (however, excluding 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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CHAPTER 4 CLOCK GENERATION FUNCTION

4.1 General

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 system clock oscillators.

(1) Main clock oscillator

)

The V850/SC1 and V850/SC3 have an oscillation frequency of 4 to 20 MHz and the V850/SC2 4 to 18.87 MHz.
Oscillation can be stopped by setting the STOP mode 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 clock oscillator is stopped by reset input or STOP mode setting, the
oscillation stabilization time is secured after the stop mode is canceled. This oscillation
stabilization time is set via the oscillation stabilization time select register (OSTS). The
watchdog timer is used to count 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.
3. External clock input is disabled.

Subclock oscillator

This circuit has an oscillation frequency of 32.768 kHz. lIts oscillation is not stopped when the STOP mode is set,
nor 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 a reduction in current consumption in the STOP
mode.
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4.2 Configuration

FRC

XT1 O—>
XT2 0—
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Figure 4-1. Clock Generator
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4.3 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 PSC register.
A high-impedance status is set during the reset period. After reset is canceled, a low level is output.

" peripheral hardware

Caution While CLKOUT is being output, changing the CPU clock (CK2 to CKO0 bits of PCC register) is
disabled.
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4.3.1 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- or 1-bit units.

After reset: O03H R/W Address: FFFFF074H
<7> <6> 5 4 3 <2> 1 0
PCC 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
0 Operate
1 Stop
CK2Mres™2 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. Itis recommended to manipulate CK2 in 1-bit units. However, when manipulating the PCC register
in 8-bit units, be sure not to change the values of CK1 and CKO.
2. Do not set the STOP mode when the CPU is operating on the subclock (CK2 = 1).

Cautions 1. Do not change the CPU clock (the values of CK2 to CKO in the PCC register) while
CLKOUT is being output.
2. 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.
3. Always set bits 5 to 3 to 0.

Remark X:don't care

(a) Example of main clock operation — subclock operation setting

<1> CK2 « 1: Bit manipulation instructions are recommended. Do not change CK1 and
CKo.
<2> Subclock operation: It takes up to the following number of instructions for the subclock to start

operating after the CK2 bit is set.

(CPU clock frequency before setting / subclock frequency) x 2

It is therefore necessary to insert waits equivalent to this number using a
program.
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<3> MCK « 1:

Only when the main clock is stopped.

(b) Example of subclock operation — main clock operation setting

<1>
<2>

<3>

<4>

(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.

MCK « 0:
Insert waits using a program and wait until the main clock oscillation stabilization time elapses.

CK2 « 0:

Main clock operation:

Main clock oscillation start

Bit manipulation instructions are recommended. Do not change CK1 and

CKao.

It takes up to two instructions to start main clock operation after the CK2

bit is set.

For details, see 3.4.9 Specific registers.
This register can be read/written in 8- or 1-bit units.

After reset: COH R/W Address: FFFFFO70H
7 6 5 4 <2> <1>
PSC DCLK1 DCLKO 0 0 IDLE STP
DCLK1 DCLKO Specification of CLKOUT pin operation
0 0 Output enabled
0 1 Hi-Z output™*®’
1 0 Setting prohibited
1 1 Output disabled (after reset)
IDLE IDLE mode setting
0 Normal mode
1 IDLE mode"*°?
STP STOP mode setting
0 Normal mode
1 STOP mode"™**
Notes 1. Hi-Z cannot be output from the in-circuit emulator.
2. When IDLE mode is canceled, this bit is automatically reset to 0.
3. When STOP mode is canceled, 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 select register (OSTS)
This register can be read/written in 8-bit units.

After reset: 01H R/W Address: FFFFF380H
7 6 5 4 2 1 0
OSTS 0 0 0 0 OSTS2 OSTS1 OSTS0
0OSTS2 OSTSH1 OSTSO0 Selection of oscillation stabilization time
Clock fxx
20 MHz 18.87 MHz 16 MHz
0 0 0 2"/fxx 3.3ms 3.5ms 4.10 ms
0 0 1 2"/Fxx (after reset) 13.1 ms 13.9ms 16.4 ms
0 1 0 2"/fxx 26.2 ms 27.8 ms 32.8 ms
0 1 1 2%/fxx 52.4 ms 55.6 ms 65.5 ms
1 0 0 2% [ixx 104.9 ms 111.1ms 131 ms
Other than above Setting prohibited
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4.4 Power Save Functions

4.41 General

This product provides the following power saving functions.
These modes can be combined and switched to suit the target application, thus enabling the effective

implementation of low-power systems.

1

)

@)

(4)

HALT mode

In this mode, the clock oscillator continues to operate but the CPU operating clock is stopped. A clock continues
to be supplied for other on-chip peripheral functions to maintain the operation of those functions. This enables
the system’s total power consumption to be reduced.

A special-purpose instruction (the HALT instruction) is used to switch to HALT mode.

IDLE mode

This mode stops the entire system by stopping the CPU 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 canceled, 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 in the power save control register (PSC) is set (1), the system switches to IDLE mode.

Software STOP mode

This mode stops the entire system by stopping the main clock oscillators. The subclock continues to be supplied
to keep on-chip peripheral functions operating. If the 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 (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 (1) to
set low-power-consumption mode in which the entire system operates using only the subclock.

When HALT mode has been set, the CPU operating clock is stopped so that power consumption can be
reduced.

When IDLE mode has been set, the CPU operating clock and some peripheral functions (DMAC and BCU) are
stopped to enable an even greater reduction in power consumption than when in HALT mode.
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4.4.2 HALT mode

(1)

)

126

Settings and operating states

In this mode, the clock oscillator continues to operate but the CPU operating clock is stopped. A clock continues
to be supplied for other on-chip peripheral functions to maintain the 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.

When 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 via either the
main clock or subclock.

The operating statuses in the HALT mode are listed in Table 4-1.

Cancellation of HALT mode
HALT mode can be canceled by an NMI request, an unmasked maskable interrupt request, or RESET input.

(a) Cancellation by interrupt request
HALT mode is canceled 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) When an interrupt request that has a lower priority level than the interrupt currently being serviced
occurs, only HALT mode is canceled 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) Cancellation by RESET pin input
This is the same as for normal reset operations.
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Table 4-1. Operating Statuses in HALT Mode (1/2)

HALT Mode Setting

When CPU Operates on Main Clock

When CPU Operates on Subclock

When Subclock Does

When Subclock

When Main Clock

When Main Clock

ltem Not Exist Exists Oscillation Continues | Oscillation Is Stopped
CPU Stopped
ROM correction Stopped

Clock generator

Oscillation for main clock and subclock
Clock supply to CPU is stopped

16-bit timer (TMO)

Operating

Operates when
INTWTNI is selected
as count clock (fxt is
selected for watch
timer)

16-bit timer (TM1)

Operating

Stopped

16-bit timer (TM5) Operates when main Operating Operates when fxt is
clock is selected for selected for count
count clock clock
16-bit timer (TM6) Operating Stopped
16-bit timer (TM7 to TM12) Operating Stopped
Watch timer Operates when main Operating Operates when fxt is
clock is selected for selected for count
count clock clock
Watchdog timer Operating (interval timer only)
Serial Cslo, Operating Operates when an
interface CSl2 to CSI6 external clock is
selected as the serial
clock
I’CO, I’C1 Operating Stopped
UARTO to Operating Operates when an
UART3 external clock is
selected as the baud
rate clock
IEBus (V850/SC2 only) Operating Stopped
FCAN1, FCAN2"* Operating Stopped
(V850/SC3 only)
A/D converter Operating Stopped
DMAO to DMA5 Operating
Port function Held

External bus interface

Only bus hold function operates

Note Available only for the uyPD703089Y and 70F3089Y.
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Table 4-1. Operating Statuses in HALT Mode (2/2)

HALT Mode Setting

When CPU Operates on Main Clock

When CPU Operates on Subclock

When Subclock Does

When Subclock Exists

When Main Clock

When Main Clock

ltem Not Exist Oscillation Continues | Oscillation Is Stopped
External NMI Operating
interupt | |NTPO 1o INTP3, | Operating
request | INTP7 to INTP9
INTP4 and INTP5 | Operating Stopped

INTP6

Operates when main
clock is selected for
noise eliminator

Operating

Operates when fxt is
selected for noise
eliminator

Key return function

Operating

In ADO to AD15 High impedance™™’
externall A1 to A15"*? Held"*" (high impedance when HLDAK = 0)
expansion —
mode A16 to A21 Held"*" (high impedance when HLDAK = 0)
LBEN, UBEN Held"*" (high impedance when HLDAK = 0)
RW High-level output**" (high impedance when HLDAK = 0)
DSTB, WRL'™"?.
WRH'""2, RD""?
ASTB
HLDAK Operating
Notes 1. 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 in the state shown in
Table 4-1.
2. Only for the V850/SC1 and V850/SC2
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4.4.3 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 canceled, there is no
need for the oscillator to wait for the oscillation stabilization time, so normal operation can be resumed quickly.
When 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 (HLDRQ) are
not acknowledged.

When the IDLE bit of the power save control register (PSC) is set (1), the system switches to IDLE mode.

The operating statuses in IDLE mode are listed in Table 4-2.

Cancellation of IDLE mode
IDLE mode can be canceled by a non-maskable interrupt, an unmasked maskable interrupt request output from
an operable on-chip peripheral I/O, or RESET input.

Table 4-2. Operating Statuses in IDLE Mode (1/2)

IDLE Mode Settings When Subclock Exists When Subclock Does Not Exist
ltem
CPU Stopped
ROM correction Stopped
Clock generator Both main clock and subclock oscillating
Clock supply to CPU and on-chip peripheral functions is stopped
16-bit timer (TMO) Operates when INTWTNI is selected as the Stopped
count clock (fxt is selected for watch timer)
16-bit timer (TM1) Stopped
16-bit timer (TM5) Operates when fx1 is selected for the count Stopped
clock
16-bit timer (TM6) Stopped
16-bit timer (TM7 to TM12) Stopped
Watch timer Operating
Watchdog timer Stopped
Serial Cslo, Operates when an external clock is selected as the serial clock
interfaces CSl2 to CSI6
I’CO, I’C1 Stopped
UARTO to Operates only for transmission when an external clock is selected as the baud rate clock
UART3
IEBus (V850/SC2 only) Stopped
FCAN1, FCAN2"* Stopped
(V850/SC3 only)
A/D converter Stopped
DMAO to DMA5 Stopped
Port function Held

Note Available only for the uPD703089Y, 70F3089Y.
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Table 4-2. Operating Statuses in IDLE Mode (2/2)

IDLE Mode Settings

When Subclock Exists

When Subclock Does Not Exist

Item
External bus interface Stopped
External NMI Operating
interrupt | |NTPO to INTP3, | Operating
request | INTP7 to INTPY

INTP4 and INTP5 | Stopped

INTP6

Operates when fxt is selected for the
sampling clock

Stopped

Key return function

Operating

In external
expansion
mode

ADO to AD15

High impedance

A1to A15"™*

Held

A16 to A21

LBEN, UBEN

RIW

DSTB, Wﬂ_""'e,
WR H Ne!e' R DNO‘e

ASTB

HLDAK

High impedance

Note Only for the V850/SC1 and V850/SC2
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4.4.4 Software STOP mode

(1) Settings and operating states

()

This mode stops the entire system by stopping the main clock oscillator supplying the internal main clock. The
subclock oscillator continues operating and the internal subclock supply is continued.

When the subclock oscillator is not used, if the FRC bit in the processor clock control register (PCC) is set (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 are also stopped (but
peripheral functions operating on the subclock are not stopped). The external bus hold request (HLDRQ) is 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 4-3.

Caution To reduce the current consumption in software STOP mode, make the FCAN default settings as
follows regardless of whether FCAN is used or not.

<1> Set the GOM bit of the CGST register to 1 (set GOM = 1, clear GOM = 0).
<2> Set bits SMNO1 and SMNOO of the CGMSS register to 01.
<3> Set the GOM bit of the CGST register to 0 (set GOM = 0, clear GOM = 1).

For details of FCAN settings, refer to CHAPTER 19 FCAN CONTROLLER.

Cancellation of software STOP mode

Software STOP mode can be canceled by a non-maskable interrupt, an unmasked maskable interrupt request
output from an operable on-chip peripheral 1/O, or RESET input.

One oscillation stabilization time is secured when the STOP mode is canceled.
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Table 4-3. Operating Statuses in Software STOP Mode (1/2)

Mode Settings When Subclock Exists When Subclock Does Not Exist

ltem

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 the count | Stopped
clock (fxr is selected as the count clock for the
watch timer)

16-bit timer (TM1) Stopped

16-bit timer (TM5) Operates when fx is selected for the count clock | Stopped

16-bit timer (TM6) Stopped

16-bit timer (TM7 to TM12) Stopped

Watch timer Operates when fx1 is selected for the count clock | Stopped (operation disabled)
Watchdog timer Stopped
Serial CSilo, Operates when an external clock is selected as the serial clock
interfaces CSI2 to CSI6
I’CO, I’C1 Stopped
UARTO to Operates only for transmission when an external clock is selected as the baud rate clock
UART3
IEBus (V850/SC2 only) Stopped
FCAN1, FCAN2"" Stopped
(V850/SC3 only)
A/D converter Stopped

Note Available only for the uyPD703089Y and 70F3089Y.
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Table 4-3. Operating Statuses in Software STOP Mode (2/2)

Mode Settings

When Subclock Exists

When Subclock Does Not Exist

ltem
DMAO to DMA5 Stopped
Port function Held
External bus interface Stopped
External NMI Operating
interrupt | |NTPO to INTP3, | Operating
request | |NTP7 to INTPO
INTP4 and Stopped
INTP5
INTP6 Operates when fxr is selected for the Stopped

sampling clock

Key return function

Operating

In
external
expansion
mode

ADO to AD15

High impedance

A1 to A15"*

Held

A16 to A21

LBEN, UBEN

RW

DSTB, WRL"™",
WR H Note’ R DNole

ASTB

HLDAK

High impedance

Note Only for the V850/SC1 and V850/SC2
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4.5 Oscillation Stabilization Time

The following shows the methods for specifying the length of the oscillation stabilization time required to stabilize
the oscillator following cancellation of STOP mode.

(1) Cancellation by non-maskable interrupt or by unmasked maskable interrupt request
STOP mode is canceled by a non-maskable interrupt or an unmasked maskable 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 until the oscillator’s clock output stabilizes.
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 4-2. Oscillation Stabilization Time

STOP mode is set
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count

(
)

—
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(2) Use of RESET pin to allocate time (RESET pin input)
For allocating time with RESET pin, refer to CHAPTER 14 RESET FUNCTION.
The oscillation stabilization time is 2"/fxx, in accordance with the value of the OSTS register after reset.
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4.6 Cautions on Power Save Function

(1) When executing an instruction on the internal ROM
To set the power save mode (IDLE or STOP mode) during execution of an instruction on the internal ROM, NOP
instructions must be inserted as dummy instructions to execute the routine after the power save mode is
released.
The sequence for setting the power save mode is as follows.

<1>
<2>
<3>

<4>

<5>
<6>

<7>

Disable DMA operation.

Disable interrupts (set NP bit of PSW to 1).

Write an arbitrary 8-bit data to the command register (PRCMD).

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

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

Enable interrupts (clear NP bit of PSW to 0).

Insert NOP instructions (two or five instructions).

If DMA operation is needed, enable DMA operation.

Cautions 1. Insert two NOP instructions if the value of the ID bit of the PSW is not changed by executing

the instruction that clears the NP bit to 0 (<5>), and if changed, insert five NOP instructions
(<6>).
The following shows an example of description.

[Description example]

LDSR rX,5 ;NP bit =1

ST.B r0, PRCMD [r0] ;write to PRCMD

ST.B rD,PSC[r0] ;set PSC register

LDSR rY,5 ;NP bit = 0

NOP ;Dummy instructions (2 or 5 instructions)

NOP

(next instruction) ;execution routine after IDLE/STOP mode released

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.

To save the PSW value, transfer the PSW value before setting the NP bit to the rY register.

2. The instructions (<5> enable interrupt, <6> NOP instruction) following the store instruction
(<4>) for the PSC register that is used to set IDLE mode or STOP mode are executed before
the power save mode is entered.
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()

When executing an instruction on the external ROM

If the V850/SC1, V850/SC2, and V850/SC3 are used under the following conditions, a discrepancy occurs
between the address indicated by the program counter (PC) and the address at which an instruction is actually
read after the power save mode is released.

This may result in the CPU ignoring a 4- or 8-byte instruction from between 4 bytes and 16 bytes after an
instruction is executed to write to the PSC register, which could in turn result in the execution of an erroneous
instruction.

* 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) Setting of power save mode (IDLE mode or STOP mode) while an instruction is being executed on
external ROM
(i) Cancellation of power save mode as the result of an interrupt request
(iii) Execution of the next instruction when an interrupt request is held pending following cancellation of the
power save mode
Conditions for interrupt request to be held pending:
e When NP flag of PSW register is “1” (NMI servicing in progress/set by software)
¢ When ID flag of PSW register is “1” (interrupt request servicing in progress/DI instruction/set by
software)
¢ When an interrupt enable (El) state occurs during interrupt request servicing, but this state is
cleared by an interrupt request with the same or lower priority

Therefore, use the V850/SC1, V850/SC2, and V850/SC3 under the following conditions.

[Usage Conditions]

136

(i) Do not use a power save mode (IDLE mode or STOP mode) during instruction execution on external
ROM.
(i) If it is necessary to use a power save mode during instruction execution on external ROM, implement
the following software measures.
¢ Insert 6 NOP instructions 4 bytes after an instruction that writes to the PSC register.
o After the NOP instructions, insert a BR$+2 instruction to cancel the PC discrepancy.
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[Workaround program example]

LDSR rX,5 ;Sets rX value to PSW

ST.B r0,PRCMD[rO0] ;Writes to PRCMD

ST.B rD,PSCI[r0] ;Sets PSC register

LDSR rY,5 ;Returns PSW value

NOP ;6 or more NOP instructions

NOP

NOP

NOP

NOP

NOP

BR S$+2 ;Cancels PC discrepancy

Remark It is assumed that rD (PSC setting value), rX (value written to PSW), and rY (value
written back to PSW) have been set.
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5.1 Port Configuration

The V850/SC1, V850/SC2, and V850/SC3 include 124 1/O port pins from ports 0 to 15 and 17 (12 port pins are
input only).

There are six pin 1/O buffer power supplies; PORTVbpo to PORTVbp2, Vooo, Vob1, and ADCVobbp, which are
described below.

Table 5-1. Pin I/O Buffer Power Supplies

(a) uPD70F3089Y
Power Supply Corresponding Pins Usable Voltage Range

PORTVopo"*" P40 to P47, P50 to P57, P60 to P65, 3.0 V<PORTVooo <55V

P90 to P96, CLKOUT
PORTVopi"™' P00 to P03, P10 to P17, P30 to P37, 3.0 V< PORTVbp1 < 5.5 V"*?

P100 to P107, P110 to P117
PORTVop2""" P04 to P07, P20 to P27, P120 to P127, 3.0 V< PORTVbp2 < 5.5 V"*?

P130 to P133, P140 to P147, P150 to P157
Vooo RESET When A/D converter not used: 4.0V <Vopo<5.5V

When A/D converter used: 4.5V < Vboo = ADCVop <5.5V

Vob1 P170 to P176 40V <Vop1<55V
ADCVop P70 to P77, P80 to P83 When A/D converter not used: 4.0 V < ADCVob<5.5V

When A/D converter used: 4.5V < Vboo = ADCVop <5.5V

Notes 1. The electrical specifications differ between an operating frequency of 4 to 17 MHz and an operating
frequency of 4 to 20 MHz.
2. When the FCAN controller is used: PORTVob1 < PORTVbb2
(Due to the supply voltage conditions of the in-circuit emulator)

Caution The conditions for the power supplies are as follows.

PORTVopo < PORTVbp1 < PORTVoD2 < Vppo = Vop1 = ADCVobp

138 User's Manual U15109EJ3VOUD




CHAPTER 5 PORT FUNCTIONS

(b) Other than uPD70F3089Y

Power Supply

Corresponding Pins

Usable Voltage Range

PORTVopo"™'

P40 to P47, P50 to P57, P60 to P65,
P90 to P96, CLKOUT

3.0 V<PORTVDoo<5.5V

PORTVopi"*"

P00 to P03, P10 to P17, P30 to P37,
P100 to P107, P110 to P117

3.0 V< PORTVopi < 5.5 V"2

PORTVop2"™' P04 to P07, P20 to P27, P120 to P127, 3.0 V < PORTVop2 < 5.5 V"2
P130 to P133, P140 to P147, P150 to P157
Vopo RESET When A/D converter not used: 3.5V <Vopo<5.5V
When A/D converter used: 4.5V < Vooo = ADCVop < 5.5V
Vbb1 P170 to P176 3.5V<Vopi<55V
ADCVop P70 to P77, P80 to P83 When A/D converter not used: 3.5V < ADCVop<5.5V

When A/D converter used: 4.5V < Vooo = ADCVop < 5.5V

Notes 1. Electrical specifications differ between the cases with operating frequency of 4 to 17 MHz and with
operating frequency of 4 to 20 MHz.

2. When FCAN controller is used: PORTVbop1 < PORTVbb2
(Due to the supply voltage conditions of the in-circuit emulator)

Caution The condition for power supplies is as follows.

PORTVbpo < PORTVbb1 < PORTVbb2 < Vppo = Vop1 = ADCVbbp
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5.2 Port Pin Functions

5.21 Port0

Port 0 is an 8-bit I/O port for which 1/O settings can be controlled in 1-bit units.
When using P00 to P04 as the NMI or INTPO to INTP3 pins, noise is eliminated by an analog noise eliminator.
When using P05 to P07 as the INTP4/ADTRG, INTP5, and INTP6 pins, noise is eliminated by a digital noise

eliminator.

After reset:

PO

Remark

OOH R/W Address: FFFFFOOOH
7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 PO1 P00
PONn Control of output data (in output mode) (n =0 to 7)
0 Qutputs 0
1 Outputs 1
Ininput mode:  When PO is read, the pin levels at that time are read. Writing to PO writes the values

to that port. This does not affect the input pins.

In output mode: When PO is read, the values of PO are read. Writing to PO writes the values to that

port, and those values are immediately output.

Port 0 includes the following alternate functions.

Table 5-2. Port 0 Alternate Function Pins

Pin Name Alternate Function /0 PULL"" Remark

Port 0 P00 NMI 1/0 No Analog noise elimination

PO1 INTPO

P02 INTP1

P03 INTP2

P04 INTP3

P05 INTP4/ADTRG Digital noise elimination

P06 INTP5

P07 INTP6

Note Software pull-up function
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(1)

)

Function of PO pins

Port 0 is an 8-bit I/0 port for which 1/O settings can be controlled in 1-bit units. 1/O settings are controlled via the
port 0 mode register (PMO0).

In output mode, the values set to each bit are output to port 0 (P0). When using this port in output mode, either
the valid edge of each interrupt request should be made invalid or each interrupt request should be masked
(except for NMI requests).

When using this port in input mode, the pin statuses can be read by reading P0O. Also, the values of PO (output
latch) can be read by reading PO while in output mode.

The valid edges of NMI and INTPO to INTP6 are specified via the rising edge specification register 0 (EGP0) and
the falling edge specification register 0 (EGNO).

When a reset is input, the settings are initialized to input mode. Also, the valid edge of each interrupt request
becomes invalid (NMI and INTPO to INTP6 do not function immediately after reset).

Noise elimination

(a) Elimination of noise from NMI and INTPO to INTP3 pins
An on-chip noise eliminator is provided that uses analog delay to eliminate noise. Consequently, if a signal
having a constant level is input for longer than a specified time to these pins, it is detected as a valid edge.
Edge detection occurs only after the specified amount of time has elapsed.

(b) Elimination of noise from INTP4 to INTP6 and ADTRG pins
A digital noise eliminator is provided on chip.
This circuit uses digital sampling. A pin’s input level is detected using a sampling clock (fx), and noise
elimination is performed for the INTP4, INTP5, and ADTRG pins if the same level is not detected three times
consecutively. The noise-elimination width can be changed for the INTP6 pin (see 7.3.8 (3) Noise
elimination of INTP6 pin).

Cautions 1. If the input pulse width is 2 or 3 clocks, whether it will be detected as a valid edge or
eliminated as noise is undetermined.
To ensure correct detection of a valid edge, constant-level input is required for 3 clocks
or more.

2. If noise is occurring in synchronization with the sampling clock, it may not be
recognized as noise. In such cases, attach a filter to the input pins to eliminate the
noise.

3. Noise elimination is not performed when these pins are used as an ordinary input port
pins.
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(3) Control registers

(a) Port 0 mode register (PMO)
PMO can be read/written in 8- or 1-bit units.

After reset: FFH R/W Address: FFFFFO20H
7 6 5 4 3 2 1 0
PMO PMO7 PMO06 PMO05 PM04 PMO03 PMO02 PMO1 PMO00O
PMON Control of I/O mode (n=010 7)
0 Output mode
1 Input mode
(b) Rising edge specification register 0 (EGPO0)
EGPO can be read/written in 8- or 1-bit units.
After reset: O00H R/W Address: FFFFFOCOH
<7> <6> <5> <4> <3> <2> <1> <0>
EGPO EGPO7 EGP06 EGPO05 EGP04 EGP03 EGPO2 EGPO1 EGPOO0
EGPON Control of rising edge detection (n=0to 7)
0 Interrupt request signal does not occur at rising edge
1 Interrupt request signal occurs at rising edge

Remark n=0: Control of NMI pin
n =1 to 7: Control of INTPO to INTP6 pins
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(c) Falling edge specification register 0 (EGNO)
EGNO can be read/written in 8- or 1-bit units.

After reset: 00H R/W Address: FFFFFOC2H
<7> <6> <5> <4> <3> <2> <1> <0>
EGNO EGNO07 EGNO06 EGNO05 EGNO04 EGNO3 EGNO02 EGNO1 EGNO00
EGNONn Control of falling edge detection (n =0 to 7)
0 Interrupt request signal does not occur at falling edge
1 Interrupt request signal occurs at falling edge
Remark n=0: Control of NMI pin
n =110 7: Control of INTPO to INTP6 pins
(4) Block diagram (port 0)
Figure 5-1. Block Diagram of P00 to P07
[N\
RD
- VanY J
~ <| ( Selector
POO/NMI
WRPporT PO1/INTPO
3 PO2/INTP1
% A Output latch PO3/INTP2
c ~ (PON) PO4/INTP3
%’ PO5/INTP4/ADTRG
- PO6/INTP5
PO7/INTP6
WRpm
/J\ PMO
O PMOn
N\
Remarks 1. PMO: Port 0 mode register
RD: Port 0 read signal
WR: Port 0 write signal
2. n=0to7
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5.22 Port1
Port 1 is an 8-bit 1/O port for which 1/O settings can be controlled in 1-bit units.
Bits 0 and 2 are selectable as normal outputs or N-ch open-drain outputs.

After reset: OOH R/W Address: FFFFFO02H
7 6 5 4 3 2 1 0
P1 P17 P16 P15 P14 P13 P12 P11 P10
P1in Control of output data (in output mode) (n =0 to 7)
0 Qutputs 0
1 Outputs 1

Remark Ininputmode: When P1 is read, the pin levels at that time are read. Writing to P1 writes the values
to that port. This does not affect the input pins.

In output mode: When P1 is read, the values of P1 are read. Writing to P1 writes the values to that
port, and those values are immediately output.

Port 1 includes the following alternate functions.

Table 5-3. Port 1 Alternate Function Pins

Pin Name Alternate Function 110 PULL"™™ Remark
Port 1 P10 SI0/SDAO 1/0 No Selectable as N-ch open-drain output
P11 SO0 -
P12 SCKO/SCLO Selectable as N-ch open-drain output
P13 SI4/RXD0O -
P14 S04/TXDO0
P15 SCK4/ASCKO
P16 -
P17 TI5/TO5

Note Software pull-up function
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(1) Function of P1 pins
Port 1 is an 8-bit I/0 port for which 1/O settings can be controlled in 1-bit units. 1/0 settings are controlled via the
port 1 mode register (PM1).
In output mode, the values set to each bit are output to port 1 (P1). The port 1 function register (PF1) can be
used to specify whether P10 and P12 are normal outputs or N-ch open-drain outputs.
When using this port in input mode, the pin statuses can be read by reading P1. Also, the values of P1 (output
latch) can be read by reading P1 while in output mode.
Clear P1 and the PM1 register to 0 when using alternate-function pins as outputs. The logical sum (ORed result)
of the port output and the alternate-function pin is output from the pins.
When a reset is input, the settings are initialized to input mode.

(2) Control registers

(a) Port 1 mode register (PM1)
PM1 can be read/written in 8- or 1-bit units.

After reset: FFH R/W Address: FFFFF022H
7 6 5 4 3 2 1 0
PM1 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10
PM1n Control of I/O mode (n=0to 7)
0 Qutput mode
1 Input mode

(b) Port 1 function register (PF1)
PF1 can be read/written in 8- or 1-bit units.

After reset: 00H R/W Address: FFFFFOA2H
7 6 5 4 3 2 1 0
PF1 0 0 0 0 0 PF12 0 PF10
PF1n Control of normal output/N-ch open-drain output (n =0, 2)
0 Normal output
1 N-ch open-drain output
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(3) Block diagram (port 1)

Figure 5-2. Block Diagram of P10 and P12

[\
RD
= C<| C( Selector =
g| WRe PF1
fe)
c—o - PF1n {>o Ve
9
= WRPpoRT
& .| Outputlatch AN P-ch
(P1n) 7 P10/SI0/SDAO
WRem © P12/SCK0/SCLO
PV FDO—' N-ch
S PM1n .
S
Alternate function

Remarks 1. PF1: Port 1 function register
PM1: Port 1 mode register
RD:  Port 1 read signal
WR: Port 1 write signal
2. n=0,2
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Figure 5-3. Block Diagram of P11, P13 to P15, and P17

Selector

A

P11/SO0
P13/SI14/RXD0O

[N\
RD
oo}
@ WReProRrT
o]
§ A Output latch
o (P1n)
£
WRem
/J\ PM1
> - PM1n
S
Alternate function
Remarks 1. PM1: Port 1 mode register
RD: Port 1 read signal
WR: Port 1 write signal
2. n=1,3t05,7
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Figure 5-4. Block Diagram of P16

Selector

A

O P16

[
RD

1]
2 WRPporT
©
s A Output latch
= ~ (P16)

WReMm PM1

\/J.\/ > PM16

S

Remark PM1: Port 1 mode register
RD: Port 1 read signal
WR: Port 1 write signal
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5.2.3 Port2
Port 2 is an 8-bit I/O port for which I/O settings can be controlled in 1-bit units.
Bits 0 and 2 are selectable as normal outputs or N-ch open-drain outputs.

After reset: 00H R/W Address: FFFFFO04H
7 6 5 4 3 2 1 0
P2 P27 P26 P25 P24 P23 P22 P21 P20
P2n Control of output data (in output mode) (n =0 to 7)
0 Qutputs 0
1 Outputs 1
Remark Ininputmode: When P2 is read, the pin levels at that time are read. Writing to P2 writes the values

In output mode:

to that port. This does not affect the input pins.

port, and those values are immediately output.

Port 2 includes the following alternate functions.

Table 5-4. Port 2 Alternate Function Pins

When P2 is read, the values of P2 are read. Writing to P2 writes the values to that

Pin Name Alternate Function 110 PULL"™" Remark

Port 2 P20 SI2/SDA1 1/0 No Selectable as N-ch open-drain output
P21 S02 -
P22 SCK2/SCK1 Selectable as N-ch open-drain output
P23 TI90 -
P24 TI91
P25 TO90
P26 IERXQ""?
po7 TETX0M"?

Notes 1. Software pull-up function

2. Only for the V850/SC2
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(1) Function of P2 pins
Port 2 is an 8-bit I/0 port for which 1/O settings can be controlled in 1-bit units. 1/O settings are controlled via the
port 2 mode register (PM2).
In output mode, the values set to each bit are output to port 2 (P2). Also, P20 and P22 are selectable as normal
outputs or N-ch open-drain outputs using the port 2 function register (PF2).
When using this port in input mode, the pin statuses can be read by reading P2. Also, the values of P2 (output
latch) can be read by reading P2 while in output mode.
Clear P2 and the PM2 register to 0 when using alternate-function pins as outputs. The logical sum (ORed result)
of the port output and the alternate-function pin is output from the pins.
When a reset is input, the settings are initialized to input mode.

(2) Control registers

(a) Port 2 mode register (PM2)
PM2 can be read/written in 8- or 1-bit units.

After reset: FFH R/W Address: FFFFF024H
7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2n Control of I/O mode (n=0to 7)
0 Qutput mode
1 Input mode

(b) Port 2 function register (PF2)
PF2 can be read/written in 8- or 1-bit units.

After reset: 00H R/W Address: FFFFFOA4H
7 6 5 4 3 2 1 0
PF2 0 0 0 0 0 PF22 0 PF20
PF2n Control of normal output/N-ch open-drain output (n = 0, 2)
0 Normal output
1 N-ch open-drain output
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(3) Block diagram (port 2)

Figure 5-5. Block Diagram of P20 and P22

[\
RD
- FanY J -
~ DQ—OC Selector
é WRer PE2 4‘—‘
Tés S - PF2n D@ Voo
2
£ WReproRT
Py .| Output latch AN P-ch
- (P2n) 7 -, P20ISIZISDA
WRepm P22/SCK2/SCL1
PM2 FDQ—' N-ch
S PM2n I
S
Alternate function
Remarks 1. PF2: Port 2 function register
PM2: Port 2 mode register
RD: Port 2 read signal
WR: Port 2 write signal
2. n=0,2
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Figure 5-6. Block Diagram of P21 and P23 to P27

nY
RD
- Fan) J
S OQ—OC Selector
° WRPpoRT P21/S02
2 P23/T190
= A Output latch P24/T191
£ (P2n) O po5T090
z P26/IERXONet®
P25/IETXQNete
WRem
/J\ PM2
) PM2n
NS

Alternate function

Note Only for the V850/SC2

Remarks 1. PM2: Port 2 mode register
RD: Port 2 read signal
WR: Port 2 write signal
2. n=1,3t07
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5.24 Port3
Port 3 is an 8-bit I/O port for which 1/O settings can be controlled in 1-bit units.
When using P35 to P37 as the INTP7 to INTP9 pins, noise is eliminated by an analog eliminator.

After reset: OOH R/W Address: FFFFFOO6H
7 6 5 4 3 2 1 0
P3 P37 P36 P35 P34 P33 P32 P31 P30
P3n Control of output data (in output mode) (n =0 to 7)
0 Qutputs 0
1 Outputs 1

Remark Ininputmode: When P3 is read, the pin levels at that time are read. Writing to P3 writes the values
to that port. This does not affect the input pins.

In output mode: When P3 is read, the values of P3 are read. Writing to P3 writes the values to that
port, and those values are immediately output.

Port 3 includes the following alternate functions.

Table 5-5. Port 3 Alternate Function Pins

Pin Name Alternate Function 110 PULL"™" Remark

Port 3 P30 TI6/TO6 1/0 No -

P31 TI80

P32 TI81

P33 TO8

P34 TI71/A13"%"2

P35 INTP7/A14""? Analog noise elimination

P36 INTP8/A15""?

P37 INTP9

Notes 1. Software pull-up function
2. Only for the V850/SC1 and V850/SC2
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(1) Function of P3 pins
Port 3 is an 8-bit I/0 port for which 1/0 settings can be controlled in 1-bit units. 1/0 settings are controlled via the
port 3 mode register (PM3).
In output mode, the values set to each bit are output to port 3 (P3).
When using this port in input mode, the pin statuses can be read by reading P3. Also, the values of P3 (output
latch) can be read by reading P3 while in output mode.
When using the alternate-function INTP7 to INTP9 pins, noise is eliminated by the analog noise eliminator (the
same as the analog noise eliminator for port 0).
The valid edge for the INTP7 to INTP9 pins is specified by the rising edge specification register 1 (EGP1) and
falling edge specification register 1 (EGNT1).
When using the alternate-function A13 to A15 pins, set this port via the memory address output mode register
(MAM).
Clear P3 and the PMS3 register to 0 when using alternate-function pins as outputs. The logical sum (ORed result)
of the port output and the alternate-function pin is output from the pins.
When a reset is input, the settings are initialized to input mode. Also, the valid edge of each interrupt request
becomes invalid (INTP7 to INTP9 do not function immediately after reset).

(2) Control registers

(a) Port 3 mode register (PM3)
PMS3 can be read/written in 8- or 1-bit units.

After reset: FFH R/W Address: FFFFF026H
7 6 5 4 3 2 1 0
PM3 PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n Control of I/O mode (n=0to 7)
0 Qutput mode
1 Input mode
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(b) Rising edge specification register 1 (EGP1)
EGP1 can be read/written in 8- or 1-bit units.

After reset: 00H R/W Address: FFFFFOC4H
<7> <6> <5> 4 3 2
EGP1 EGP17 EGP16 EGP15 0 0 0
EGP1n Control of rising edge detection (n =5 to 7)
0 Interrupt request signal does not occur at rising edge
1 Interrupt request signal occurs at rising edge

Remark n=5to7: Control of INTP7 to INTP9 pins

(c) Falling edge specification register 1 (EGN1)
EGN1 can be read/written in 8- or 1-bit units.

After reset: O00H R/W Address: FFFFFOC6H
<7> <6> <5> 4 3
EGNH1 EGN17 EGN16 EGN15 0 0
EGN1n Control of falling edge detection (n=5to 7)
0 Interrupt request signal does not occur at falling edge
1 Interrupt request signal occurs at falling edge

Remark n =510 7: Control of INTP7 to INTP9 pins
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(3) Block diagram (port 3)

Figure 5-7. Block Diagram of P30 to P37

N\t
RD
Ll 1 :J
Selector
1
WRproRrT P30/TI6/TO6
2 P31/TI80
e P32/TI81
= Output latch
T o u E);Sn;l ¢ © PIITO8
I P34/TI171/A13Nete
£ P35/INTP7/A14Nete
P36/INTP8/A15Nete
P37/INTP9
WRem
/J\ PM3
> PM3n
S

Alternate function

Note Only for the V850/SC1 and V850/SC2

Remarks 1. PM3: Port 3 mode register
RD:  Port 3 read signal
WR: Port 3 write signal
2. n=0to7
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5.2.5 Ports 4 and 5
Ports 4 and 5 are 8-bit I/O ports for which I/O settings can be controlled in 1-bit units.

After reset: 00H R/W Address: FFFFFO08H, FFFFFOOAH
7 6 5 4 3 2 1 0
Pn Pn7 Pné Pn5 Pn4 Pn3 Pn2 Pn1 Pn0
(n = 47 5)
Pnx Control of output data (in output mode) (n=4,5,x=0107)
0 Outputs 0
1 Qutputs 1

Remark Ininput mode: When P4 and P5 are read, the pin levels at that time are read. Writing to P4 and P5

writes the values to those ports. This does not affect the input pins.

In output mode: When P4 and P5 are read, their values are read. Writing to P4 and P5 writes the

values to those ports, and those values are immediately output.

Ports 4 and 5 include the following alternate functions.

Table 5-6. Alternate Function Pins of Ports 4 and 5

Pin Name Alternate Function 1/0 PULL"" Remark

Port 4 P40 ADO 1/0 No -

P41 AD1

P42 AD2

P43 AD3

P44 AD4

P45 AD5

P46 AD6

P47 AD7
Port 5 P50 AD8 1/0 No -

P51 AD9

P52 AD10

P53 AD11

P54 AD12

P55 AD13

P56 AD14

P57 AD15

Note Software pull-up function
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(1) Functions of P4 and P5 pins
Ports 4 and 5 are 8-bit 1/0 ports for which I/O settings can be controlled in 1-bit units. I/O settings are controlled
via port 4 mode register (PM4) and port 5 mode register (PM5).
In output mode, the values set to each bit are output to port 4 and port 5 (P4 and P5).
When using these ports in input mode, the pin statuses can be read by reading P4 and P5. Also, the values of
P4 and P5 (output latch) can be read by reading P4 and P5 while in output mode.
A software pull-up function is not implemented.
When using the alternate-function ADO to AD15 pins, set the pin functions via the memory expansion mode
register (MM). This does not affect the PM4 and PM5 registers.
When a reset is input, the settings are initialized to input mode.

(2) Control registers

(a) Port 4 mode register and port 5 mode register (PM4 and PM5)
PM4 and PM5 can be read/written in 8- or 1-bit units.

After reset: FFH R/W Address: FFFFF028H, FFFFF02AH
7 6 5 4 3 2 1 0
PMn PMn7 PMn6 PMn5 PMn4 PMn3 PMn2 PMn1 PMnO
(n=4,5)
PMnx Control of /O mode (n=4,5,x=0t07)
0 OQutput mode
1 Input mode
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(3) Block diagram (ports 4 and 5)

Figure 5-8. Block Diagram of P40 to P47 and P50 to P57

N\
RD
= OQ—OC Selector

2] A

Q WRporT

©

=

Qo A .| Output latch

£ N (Pmn) > @ Pmn/ADx
WRem PMm
£ PMmn

o

Remarks 1. PMm: Port m mode register
RD:  Port m read signal
WR:  Port m write signal

2. m=45
n=0to7
x=0to 15
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5.26 Port6
Port 6 is a 6-bit I/0 port for which I/O settings can be controlled in 1-bit units.

After reset: 00H R/W Address: FFFFFOOCH
7 6 5 4 3 2 1 0
P6 0 0 P65 P64 P63 P62 P61 P60
P6én Control of output data (in output mode) (n =0 to 5)
0 Outputs 0
1 Qutputs 1
Remark Ininput mode: When P6 is read, the pin levels at that time are read. Writing to P6 writes the values

In output mode:

to that port. This does not affect the input pins.

port, and those values are immediately output.

Port 6 includes the following alternate functions.

Table 5-7. Port 6 Alternate Function Pins

When P6 is read, the values of P6 are read. Writing to P6 writes the values to that

Pin Name Alternate Function 1/0 PULL"" Remark
Port 6 P60 A16 1/0 No
P61 A17
P62 A18
P63 A19
P64 A20
P65 A21

Note Software pull-up function
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(1) Function of P6 pins
Port 6 is a 6-bit I/0 port for which 1/O settings can be controlled in 1-bit units. 1I/O settings are controlled via the
port 6 mode register (PM6).
In output mode, the values set to each bit are output to port 6 (P6).
When using this port in input mode, the pin statuses can be read by reading P6. Also, the values of P6 (output
latch) can be read by reading P6 while in output mode.
A software pull-up function is not implemented.
When using the alternate-function A16 to A21 pins, set the pin functions via the memory expansion mode
register (MM). This does not affect the PM6 register.
When a reset is input, the settings are initialized to input mode.

(2) Control register

(a) Port 6 mode register (PM6)
PM®6 can be read/written in 8- or 1-bit units.

After reset: 3FH R/W Address: FFFFF02CH
7 6 5 4 3 2 1 0
PM6 0 0 PM65 PM64 PM63 PM62 PM61 PM60
PM6n Control of I/O mode (n =0 to 5)
0 Qutput mode
1 Input mode
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CHAPTER 5 PORT FUNCTIONS

(3) Block diagram (port 6)

Figure 5-9. Block Diagram of P60 to P65

Selector

A

[\
RD
b (T
(2]
]
Q WRProRT
©
IS
o PN .| Outputlatch
= ~ (Pén)
WRpm
/J\ PM6
> PM6n
S
Remarks 1. PM6: Port 6 mode register
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RD: Port 6 read signal
WR: Port 6 write signal
n=0to5

x=161o 21
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CHAPTER 5 PORT FUNCTIONS

5.2.7 Ports7and8

Port 7 is an 8-bit input port and port 8 is a 4-bit input port.

bit units.

Both ports are read-only and are accessible in 8- or 1-

After reset: Undefined Address: FFFFFOOEH
7 6 5 4 3 2 1 0
P7 P77 P76 P75 P74 P73 P72 P71 P70
P7n Pin level (n=01t0 7)
0/1 Read pin level of bit n
After reset: Undefined Address: FFFFFO10H
7 6 5 4 3 2 1 0
P8 0 0 0 0 P83 P82 P81 P80
P8n Pin level (n =0to 3)
0N Read pin level of bit n
Ports 7 and 8 include the following alternate functions.
Table 5-8. Alternate Function Pins of Ports 7 and 8
Pin Name Alternate Function 110 PULL"™" Remark
Port 7 P70 ANIO Input No
P71 ANI1
P72 ANI2
P73 ANI3
P74 ANI4
P75 ANI5
P76 ANI6
P77 ANI7
Port 8 P80 ANI8 Input No
P81 ANI9
P82 ANI10
P83 ANI11

Note Software pull-up function
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CHAPTER 5 PORT FUNCTIONS

(1) Functions of P7 and P8 pins
Port 7 is an 8-bit input-only port and port 8 is a 4-bit input-only port.
The pin statuses can be read by reading port 7 and port 8 (P7 and P8). Data cannot be written to P7 or P8.

A software pull-up function is not implemented.
Values read from pins specified as analog inputs are undefined values. Do not read values from P7 or P8 during

A/D conversion.

(2) Block diagram (ports 7 and 8)

Figure 5-10. Block Diagram of P70 to P77 and P80 to P83

N\
RD

[2]

=]

e}

: |

c

5] <

g O<]—OC4@ Pmn/ANIX
N\

Remarks 1. RD: Port 7, port 8 read signals
2. m=7,8
n=0to7(m=7),0to 3 (m=8)
x=0to7(m=7),8t0 11 (m=8)
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CHAPTER 5 PORT FUNCTIONS

5.2.8 Port9
Port 9 is a 7-bit I/0 port for which I/O settings can be controlled in 1-bit units.

After reset: 00H R/W Address: FFFFFO12H
7 6 5 4 3 2 1 0
P9 0 P96 P95 P94 P93 P92 P91 P90
P9n Control of output data (in output mode) (n = 0 to 6)
0 Outputs 0
1 Qutputs 1
Remark Ininput mode: When P9 is read, the pin levels at that time are read. Writing to P9 writes the values

In output mode:

to that port. This does not affect the input pins.

port, and those values are immediately output.

Port 9 includes the following alternate functions.

Table 5-9. Port 9 Alternate Function Pins

When P9 is read, the values of P9 are read. Writing to P9 writes the values to that

Pin Name Alternate Function 1/0 PULL™™" Remark
Port 9 P90 LBEN/WRL""? /0 No

P91 UBEN

P92 R/W/WRH""?

P93 DSTB/RD""?

P94 ASTB

P95 HLDAK

P96 HLDRQ

Notes 1. Software pull-up function

2. Only for the V850/SC1 and V850/SC2
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CHAPTER 5 PORT FUNCTIONS

(1) Function of P9 pins
Port 9 is a 7-bit I/0 port for which 1/O settings can be controlled in 1-bit units. 1/O settings are controlled via the
port 9 mode register (PM9).
In output mode, the values set to each bit are output to port 9 (P9).
When using this port in input mode, the pin statuses can be read by reading P9. Also, the values of P9 (output
latch) can be read by reading P9 while in output mode.
A software pull-up function is not implemented.
When using P9 for control signals in expansion mode, set the pin functions via the memory expansion mode
register (MM).
When a reset is input, the settings are initialized to input mode.

Caution In the V850/SC1 and V850/SC2, 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.

(2) Control register

(a) Port 9 mode register (PM9)
PM9 can be read/written in 8- or 1-bit units.

After reset: 7FH R/W Address: FFFFFO32H
7 6 5 4 3 2 1 0
PM9 0 PM96 PM95 PM94 PM93 PM92 PM91 PM90
PM9n Control of I/O mode (n =0 to 6)
0 Qutput mode
1 Input mode
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CHAPTER 5 PORT FUNCTIONS

(3) Block diagram (port 9)

Figure 5-11. Block Diagram of P90 to P96

N\
RD
S QQ—OC Selector
o) [ P90/LBEN/WRLNete
o)
= WRPpoRT P91/UBEN
g P92/R/W/WRH"°*
g & .| Output latch > © P93/DSTB/RDNt
£ (P9n) P94/ASTB
P95/HLDAK
P96/HLDRQ
WRpm PM9
Jy - PM9n
N

Note Only for the V850/SC1 and V850/SC2

Remarks 1. PM9: Port 9 mode register
RD: Port 9 read signal
WR: Port 9 write signal
2. n=0to6
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CHAPTER 5 PORT FUNCTIONS

5.2.9

Port 10

Port 10 is an 8-bit I/O port for which 1/O settings can be controlled in 1-bit units.

Pull-up resistors can be connected in 1-bit units (software pull-up function).

When using P100 to P107 as the KRO to KR7 pins, noise is eliminated by an analog noise eliminator.

After reset: 00H R/W Address: FFFFFO14H
7 6 5 4 3 2 1 0
P10 P107 P106 P105 P104 P103 P102 P101 P100
P10n Control of output data (in output mode) (n =0 to 7)
0 Outputs 0
1 Qutputs 1
Remark Ininputmode: When P10 is read, the pin levels at that time are read. Writing to P10 writes the

values to that port. This does not affect the input pins.
When P10 is read, the values of P10 are read. Writing to P10 writes the values to
that port, and those values are immediately output.

In output mode:

Port 10 includes the following alternate functions.

Table 5-10. Port 10 Alternate Function Pins

Pin Name Alternate Function 1/0 PULL"™"! Remark
Port 10 P100 KRO/TO7/A5""** I/0 Yes Analog noise elimination
P101 KR1/TI70/A6""*
P102 KR2/TI00/A7""*
P103 KR3/TI01/A8""*
P104 KR4/TO0/AQ"**
P105 KR5/TI10/A10""?
P106 KR6/TI11/A11""?
P107 KR7/TO1/A12""?
Notes 1. Software pull-up function

2. Only for the V850/SC1 and V850/SC2
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CHAPTER 5 PORT FUNCTIONS

(1) Function of P10 pins

Port 10 is an 8-bit I/O port for which 1/O settings can be controlled in 1-bit units. 1/O settings are controlled via

the port 10 mode register (PM10).
In output mode, the values set to each bit are output to port 10 (P10).

When using this port in input mode, the pin statuses can be read by reading P10. Also, the values of P10 (output

latch) can be read by reading P10 while in output mode.

Pull-up resistors can be connected in 1-bit units when specified via pull-up resistor option register 10 (PU10).

When used as KRO to KR7 pins, noise is eliminated by the analog noise eliminator.

When used as the A5 to A12 pins in the case of the V850/SC1 and V850/ASC2, this port is set via the memory

address output mode register (MAM).

Clear P10 and the PM10 register to 0 when using alternate-function pins as outputs. The logical sum (ORed

result) of the port output and the alternate-function pin is output from the pins.
When a reset is input, the settings are initialized to input mode.

(2) Control register

(a) Port 10 mode register (PM10)
PM10 can be read/written in 8- or 1-bit units.

After reset: FFH R/W Address: FFFFF034H
7 6 5 4 3 2 1 0
PM10 PM107 PM106 PM105 PM104 PM103 PM102 PM101 PM100
PM10n Control of I/O mode (n=010 7)
0 Output mode
1 Input mode
(b) Pull-up resistor option register 10 (PU10)
PU10 can be read/written in 8- or 1-bit units.
After reset: 00H R/W Address: FFFFF094H
7 6 5 4 3 2 1 0
PU10 PU107 PU106 PU105 PU104 PU103 PU102 PU101 PU100
PU10N Control of on-chip pull-up resistor connection (n =0 to 7)
0 Do not connect
1 Connect
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CHAPTER 5 PORT FUNCTIONS

(3) Block diagram (port 10)

Figure 5-12. Block Diagram of P100 to P107

Vob
Wheu PU10
N ,L
& PU10N {>o | P-ch
RD
< ( Selector =
(2}
s —
e}
z P100/KRO/TO7/A5Net
3| WReorr P101/KR1/TI70/A6Nt
£ (L P102/KR2/TI00/A7Net
Output latch Yy P103/KR3/TI01/A8Nete
~ (P10n) — O p1oa/KR4TO0AN
WRew P10 P105/KR5/TI10/A10Nete
i P106//KR6/TI11/A11Nete
Note
o PM10n P107/KR7/TO1/A12
./
Alternate function

Note Only for the V850/SC1 and V850/SC2

Remarks 1. PU10: Pull-up resistor option register 10
PM10: Port 10 mode register
RD: Port 10 read signal
WR: Port 10 write signal
2. n=0to7
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CHAPTER 5 PORT FUNCTIONS

5.2.10 Port 11

Port 11 is an 8-bit I/O port for which 1/O settings can be controlled in 1-bit units.

P11 can be read/written in 8- or 1-bit units.

Turning on and off the wait function and setting use as the CANTX1, CANRX1, CANTX2, and CANRX2 pins can
be performed via the port alternate-function control register (PAC) (CANTX2 and CANRX2 are available only for the
uPD703089Y and 70F3089Y).

After reset:

P11

Remark

00H R/W Address: FFFFFO16H
7 6 5 4 3 2 1 0
P117 P116 P115 P114 P113 P112 P111 P110
P11n Control of output data (in output mode) (n =0 to 7)
0 Outputs 0
1 Qutputs 1

Ininput mode:  When P11 is read, the pin levels at that time are read. Writing to P11 writes the

values to that port. This does not affect the input pins.

In output mode: When P11 is read, the values of P11 are read. Writing to P11 writes the values to

that port, and those values are immediately output.

Port 11 includes the following alternate functions.

Table 5-11. Port 11 Alternate Function Pins

Pin Name Alternate Function 1/0 PULL™™" Remark
Port 11 P110 WAIT/AT"? 110 No -
P111 A2Ve?
P112 A3Ve?
P113 A4Ne?
P114 CANTX1"*®
P115 CANRX1{"*?
P116 CANTX2"*
P117 CANRX2""°*
Notes 1. Software pull-up function

2. Only for the V850/SC1 and V850/SC2

3. Only for the V850/SC3

4. Only for the uyPD703089Y and 70F3089Y
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CHAPTER 5 PORT FUNCTIONS

(1) Function of P11 pins
Port 11 is an 8-bit port for which I/O settings can be controlled in 1-bit units. I/O settings are controlled via the
port 11 mode register (PM11).
In output mode, the values set to each bit are output to port 11 (P11).
When using this port in input mode, the pin statuses can be read by reading P11. Also, the values of P11 (output
latch) can be read by reading P11 while in output mode.
Turning on and off the wait function and setting use as the CANTX1, CANRX1, CANTX2, and CANRX2 pins can
be performed via the port-alternate function control register (PAC).
When used as the A1 to A4 pins in the case of V850/SC1 and V850/SC2, this port is set via the memory address
output mode register (MAM). In this case, be sure to set the PM11 register (PM110 to PM113) and P11 (P110 to
P113) to 0.
When a reset is input, the settings are initialized to input mode.

(2) Control registers

(a) Port 11 mode register (PM11)
PM11 can be read/written in 8- or 1-bit units.

After reset: FFH R/W Address: FFFFFO36H
7 6 5 4 3 2 1 0
PM11 PM117 PM116 PM115 PM114 PM113 PM112 PM111 PM110
PM11n Control of I/O mode (n=0to 7)
0 OQutput mode
1 Input mode
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CHAPTER 5 PORT FUNCTIONS

(b) Port alternate-function control register (PAC)
PAC can be read/written in 8- or 1-bit units.

After reset: 00H R/W Address: FFFFF040H
7 6 5 4 3 <0>
PAC PAC117""° | PAC116™" PAC115 PAC114 0 WAC
WAC Control of wait function
0 Wait function OFF

Wait function ON

PAC11n

Control of port alternate function (n = 4 to 7)

0

Port function

1

Alternate function

Note Bits PAC117 and PAC116 are available only for the uPD703089Y and 70F3089Y.
Set bits 7 and 6 to 0 when using the uPD703088Y.
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CHAPTER 5 PORT FUNCTIONS

(3) Block diagram (port 11)

Figure 5-13. Block Diagram of P110 and P114 to P117

oV,
RD
Q<%<_ Selector
WRroRrT
P110/WAIT/ANote 1
Outout latch P114/CANTX1Note2
utput fatc Selector +——© P115/CANRX1Note2
@ (P1in) P116/CANTX2ete 2
3 P117/CANRX2Nete 3
5
£
] WRpM
E
PM11
PM11n
PAC
PAC11m, WAC
Alternate
function
I~/

Notes 1. Only for the V850/SC1 and V850/SC2
2. Only for the V850/SC3
3. Only for the uPD703089Y and 70F3089Y

Remarks 1. PM11: Port 11 mode register
RD: Port 11 read signal
WR:  Port 11 write signal
PAC: Port alternate-function control register (PAC)
2. n=0,4t07
m=4to7
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CHAPTER 5 PORT FUNCTIONS

Figure 5-14. Block Diagram of P111 to P113

N\
RD
-~ OQ—OC Selector

@ A

° WRPporT

©

£

%" @ _ Output latch P111/A2Note

- - '—© ote

(P11n) P113/A4Net
WRem
J\ PM11
N\
Alternate function

Note Only for the V850/SC1 and V850/SC2

Remarks 1. PM11: Port 11 mode register
RD: Port 11 read signal
WR:  Port 11 write signal
2. n=1t03
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CHAPTER 5 PORT FUNCTIONS

5.2.11 Port12
Port 12 is an 8-bit I/O port for which 1/O settings can be controlled in 1-bit units.
P12 can be read/written in 8- or 1-bit units.
When using this port as the SCK5, SI5, SO5, SCK6, SI6, and SO6 pins, set via port alternate-function control

register 2 (PAC2).

After reset: 00H R/W Address: FFFFFO18H
7 6 5 4 3 2 1 0
P12 P127 P126 P125 P124 P123 P122 P121 P120
P12n Control of output data (in output mode) (n = 0 to 7)
0 Qutputs 0
1 Outputs 1
Remark Ininputmode: When P12 is read, the pin levels at that time are read. Writing to P12 writes the

values to that port. This does not affect the input pins.
When P12 is read, the values of P12 are read. Writing to P12 writes the values to
that port, and those values are immediately output.

In output mode:

Port 12 includes the following alternate functions.

Table 5-12. Port 12 Alternate Function Pins

Pin Name Alternate Function 110 PULL"™™ Remark
Port 12 P120 SCK5 /0 No -

P121 SI5

P122 SO5

P123 SCK6

P124 Si6

P125 SO6

P126 TO10

P127 TO11

Note Software pull-up function
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CHAPTER 5 PORT FUNCTIONS

(1) Function of P12 pins

Port 12 is an 8-bit port for which 1/O settings can be controlled in 1-bit units. 1/O settings are controlled via the

port 12 mode register (PM12).
In output mode, the values set to each bit are output to port 12 (P12).

When using this port in input mode, the pin statuses can be read by reading P12. Also, the values of P12 (output

latch) can be read by reading P12 while in output mode.

When using this port as the SCK5, SI5, SO5, SCK6, SI6, and SO6 pins, set via port alternate-function control

register 2 (PAC2).

When using this port as the TO10 and TO11 pins, set P126, P127, PM126, and PM127 to 0.

When a reset is input, the settings are initialized to input mode.

(2) Control registers

(a) Port 12 mode register (PM12)
PM12 can be read/written in 8- or 1-bit units.

After reset: FFH R/W Address: FFFFFO38H
7 6 5 4 3 2 1 0
PM12 PM127 PM126 PM125 PM124 PM123 PM122 PM121 PM120
PM12n Control of I/O mode (n=0to 7)
0 Qutput mode
1 Input mode
(b) Port alternate-function control register 2 (PAC2)
PAC2 can be read/written in 8- or 1-bit units.
After reset: OOH R/W Address: FFFFF042H
7 6 5 4 3 2 1 0
PAC2 0 0 PAC125 PAC124 PAC123 PAC122 PAC121 PAC120
PAC12n Control of port alternate function (n = 0 to 5)
0 Port function
1 Alternate function
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CHAPTER 5 PORT FUNCTIONS

(3) Block diagram (port 12)

Figure 5-15. Block Diagram of P120 to P125

M\
RD
< :( Selector [,
WRProRT
Output latch
(P12n) Selector
3
o
©
£
] WRpm
£
PM12
PM12n
PAC2
PAC12n
Alternate | |
function
0 %
Remarks 1. PM12: Port 12 mode register
RD: Port 12 read signal
WR:  Port 12 write signal
PAC2: Port alternate-function control register 2
2. n=0to5
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CHAPTER 5 PORT FUNCTIONS

Figure 5-16. Block Diagram of P126 and P127

N\

RD
- OQ—OC Selector [~

8 T J

° WRPoRT

g

8 .| Output latch o P126/TO10

= ~ (P12n) P127/TO11
WRem
/J\ PM12

L/

Alternate function

Remarks 1. PM12: Port 12 mode register
RD: Port 12 read signal
WR:  Port 12 write signal
2. n=6,7
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5.2.12 Port13
Port 13 is a 4-bit 1/O port for which 1/O settings can be controlled in 1-bit units.

After reset: 00H R/W Address: FFFFFO1AH
7 6 5 4 3 2 1 0
P13 0 0 0 0 P133 P132 P131 P130
P13n Control of output data (in output mode) (n =0 to 3)
0 Outputs 0
1 Qutputs 1

Remark Ininput mode: When P13 is read, the pin levels at that time are read. Writing to P13 writes the
values to that port. This does not affect the input pins.
In output mode: When P13 is read, the values of P13 are read. Writing to P13 writes the values to
that port, and those values are immediately output.

(1) Function of P13 pins
Port 13 is a 4-bit port for which 1/O settings can be controlled in 1-bit units. 1/O settings are controlled via the port
13 mode register (PM13).
In output mode, the values set to each bit are output to port 13 (P13).
When using this port in input mode, the pin statuses can be read by reading P13. Also, the values of P13 (output
latch) can be read by reading P13 while in output mode.
When a reset is input, the settings are initialized to input mode.

(2) Control register

(a) Port 13 mode register (PM13)
PM13 can be read/written in 8- or 1-bit units.

After reset: OFH RW Address: FFFFFO3AH
7 6 5 4 3 2 1 0
PM13 0 0 0 0 PM133 PM132 PM131 PM130
PM13n Control of I/0 mode (n =0 to 3)
0 Output mode
1 Input mode

180 User's Manual U15109EJ3VOUD



CHAPTER 5 PORT FUNCTIONS

(3) Block diagram (port 13)

Figure 5-17. Block Diagram of P130 to P133

| t-——————————————————
Selector ~

A

[N\
RD
e
WReproRT
%)
=}
% & .| Output latch
c (P13n)
9]
£
WRpm
/J\ PM13
N\

Remarks 1. PM13: Port 13 mode register
RD: Port 13 read signal
WR:  Port 13 write signal
2. n=0to3
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CHAPTER 5 PORT FUNCTIONS

5.2.13 Port14

Port 14 is an 8-bit I/O port for which 1/O settings can be controlled in 1-bit units.

After reset: 00H R/W Address: FFFFFO1CH
7 6 5 4 3 2 1 0
P14 P147 P146 P145 P144 P143 P142 P141 P140
P14n Control of output data (in output mode) (n =0 to 7)
0 Outputs 0
1 Qutputs 1
Remark Ininput mode: When P14 is read, the pin levels at that time are read. Writing to P14 writes the

values to that port. This does not affect the input pins.

In output mode: When P14 is read, the values of P14 are read. Writing to P14 writes the values to

that port, and those values are immediately output.

Port 14 includes the following alternate functions.

Table 5-13. Port 14 Alternate Function Pins

Pin Name Alternate Function 1/0 PULL"" Remark

Port 14 P140 SI3/RXD1 1/0 No -

P141 SOS3/TXD1

P142 SCK3/ASCK1

P143 RXD2

P144 TXD2

P145 ASCK2

P146 TI100

P147 TI101

Note Software pull-up function
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CHAPTER 5 PORT FUNCTIONS

(1) Function of P14 pins
Port 14 is an 8-bit port for which I/O settings can be controlled in 1-bit units. I/O settings are controlled via the
port 14 mode register (PM14).
In output mode, the values set to each bit are output to port 14 (P14).
When using this port in input mode, the pin statuses can be read by reading P14. Also, the values of P14 (output
latch) can be read by reading P14 while in output mode.
Clear P14 and the PM14 register to 0 when using alternate-function pins as outputs. The logical sum (ORed
result) of the port output and the alternate-function pin is output from the pins.
When a reset is input, the settings are initialized to input mode.

(2) Control register

(a) Port 14 mode register (PM14)
PM14 can be read/written in 8- or 1-bit units.

After reset: FFH R/wW Address: FFFFFO3CH
7 6 5 4 3 2 1 0
PM14 PM147 PM146 PM145 PM144 PM143 PM142 PM141 PM140
PM14n Control of I/O mode (n=010 7)
0 Output mode
1 Input mode
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CHAPTER 5 PORT FUNCTIONS

Figure 5-18. Block Diagram of P140 to P147

Y
RD
- Fan) J
S OQ—OC Selector
. A P140/SI3/RXD1
“ P141/SO3/TXD1
a P142/SCK3/ASCK1
E A Output latch P143/RXD2
g O
5 (P14n) P144/TXD2
£ P145/ASCK2
P146/T1100
P147/T1101
WRem
/J\ PM14
S PM14n
N

Alternate function

Remarks 1. PM14: Port 14 mode register
RD: Port 14 read signal
WR:  Port 14 write signal
2. n=0to7
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CHAPTER 5 PORT FUNCTIONS

5.2.14 Port 15

Port 15 is an 8-bit I/O port for which 1/O settings can be controlled in 1-bit units.

After reset:

P15

Remark

In output mode:

values to that port. This does not affect the input pins.

Port 15 includes the following alternate functions.

Table 5-14. Port 15 Alternate Function Pins

00H R/W Address: FFFFFO1EH
7 6 5 4 3 2 1 0
P157 P156 P155 P154 P153 P152 P151 P150
P15n Control of output data (in output mode) (n =0 to 7)
0 Outputs 0
1 Qutputs 1
Ininput mode: When P15 is read, the pin levels at that time are read. Writing to P15 writes the

When P15 is read, the values of P15 are read. Writing to P15 writes the values to
that port, and those values are immediately output.

Pin Name Alternate Function 1/0 PULL"* Remark
Port 15 P150 RXD3 1/0 No -
P151 TXD3
P152 ASCK3
P153 TI110
P154 TI111
P155 TO12
P156 TI120
P157 TH21

Note Software pull-up function
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(1) Function of P15 pins
Port 15 is an 8-bit port for which I/O settings can be controlled in 1-bit units. I/O settings are controlled via the
port 15 mode register (PM15).
In output mode, the values set to each bit are output to port 15 (P15).
When using this port in input mode, the pin statuses can be read by reading P15. Also, the values of P15 (output
latch) can be read by reading P15 while in output mode.
Clear P15 and the PM15 register to 0 when using alternate-function pins as outputs. The logical sum (ORed
result) of the port output and the alternate-function pin is output from the pins.
When a reset is input, the settings are initialized to input mode.

(2) Control register

(a) Port 15 mode register (PM15)
PM15 can be read/written in 8- or 1-bit units.

After reset: FFH R/W Address: FFFFFO3EH
7 6 5 4 3 2 1 0
PM15 PM157 PM156 PM155 PM154 PM153 PM152 PM151 PM150
PM15n Control of I/O mode (n=010 7)
0 Output mode
1 Input mode
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CHAPTER 5 PORT FUNCTIONS

(3) Block diagram (port 15)

Figure 5-19. Block Diagram of P150 to P157

[\t
RD
Ll 1]
Selector
WRPpoRT
[%2]
a
= Output latch
A\
c (P15n)
o
£
WRem
J\ PM15
S PM15n
N/
Alternate function
Remarks 1. PM15: Port 15 mode register

RD: Port 15 read signal
WR:  Port 15 write signal
n=0to7
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P156/TI1120
P157/TI121
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5.2.15 Port 17

Port 17 is a 7-bit 1/O port for which 1/O settings can be controlled in 1-bit units.

After reset: 00H R/W Address: FFFFF048H
7 6 5 4 3 2 1 0
P17 0 P176 P175 P174 P173 P172 P171 P170
P17n Control of output data (in output mode) (n = 0 to 6)
0 Outputs 0
1 Qutputs 1
Remark Ininputmode: When P17 is read, the pin levels at that time are read. Writing to P17 writes the

values to that port. This does not affect the input pins.

In output mode: When P17 is read, the values of P17 are read. Writing to P17 writes the values to

that port, and those values are immediately output.

Port 17 includes the following alternate functions.

Table 5-15. Port 17 Alternate Function Pins

Pin Name Alternate Function 110 PULL"™" Remark

Port 17 P170 - I/0 No -

P171 -

P172 -

P173 -

P174 -

P175 -

P176 VM45

Note Software pull-up function
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(1) Function of P17 pins
Port 17 is a 7-bit port for which 1/O settings can be controlled in 1-bit units. 1/O settings are controlled via the port
17 mode register (PM17).
In output mode, the values set to each bit are output to port 17 (P17).
When using this port in input mode, the pin statuses can be read by reading P17. Also, the values of P17 (output
latch) can be read by reading P17 while in output mode.
When using this port as the VM45 pin, set via the VM45 control register (VM45C). In this case, be sure to set
P176 and PM176 to 0.
When a reset is input, the settings are initialized to input mode.

(2) Control register

(a) Port 17 mode register (PM17)
PM17 can be read/written in 8- or 1-bit units.

After reset: 7FH R/W Address: FFFFFO58H
7 6 5 4 3 2 1 0
PM17 0 PM176 PM175 PM174 PM173 PM172 PM171 PM170
PM17n Control of I/0 mode (n =0 to 6)
0 Output mode
1 Input mode
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(3) Block diagram (port 17)

Figure 5-20. Block Diagram of P170 to P175

Selector

A

N\
RD
o3
(2]
=}
- WRporT
©
£
e PS Output latch
= ~ (P17n)
WRpm
J\ PM17
> > PM17n
N\
Remarks 1. PM17: Port 17 mode register
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RD: Port 17 read signal
WR:  Port 17 write signal

n=0to5
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Figure 5-21. Block Diagram of P176

N\t
RD
-~ O OQ—OC Selector
A
WRPpoRT
(]
a
= PS Output latch
s (P176) P176/VM45
£
WRem
/J\ PM17
O PM176
N/

Alternate function

Remark PM17: Port 17 mode register
RD: Port 17 read signal
WR: Port 17 write signal
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5.3 Setting When Port Pin Is Used for Alternate Function

When a port pin is used for an alternate function, set the port n mode register (PMO to PM6, PM9 to PM12, PM14,
PM15, and PM17) and output latch as shown in Table 5-16 below.

Table 5-16. Setting When Port Pin Is Used for Alternate Function (1/6)

Pin Name Alternate Function PMnx Bit of Pnx Bit of Other Bits
Function Name e PMn Register Pn Register (Register)
P00 NMI Input PMO0O = 1 Setting not needed
for POO
PO1 INTPO Input PMO1 =1 Setting not needed
for PO1
P02 INTP1 Input PMO02 = 1 Setting not needed
for P02
P03 INTP2 Input PMO03 = 1 Setting not needed
for PO3
P04 INTP3 Input PM04 = 1 Setting not needed
for P04
P05 INTP4 Input PMO05 = 1 Setting not needed
ADTRG Input for P05
P06 INTP5 Input PMO06 = 1 Setting not needed
for P06
P07 INTP6 Input PMO07 =1 Setting not needed
for PO7
P10 SI0 Input PM10 =1 Setting not needed
for P10
SDAO I/0 PM10=0 P10=0 PF10=1
P11 SO0 Output PM11 =0 P11=0 -
P12 SCKO Input PM12 =1 Setting not needed
for P12 -
Output PM12=0 P12=0
SCLO I/0 PF12 =1
P13 Sl4 Input PM13 =1 Setting not needed
RXDO Input for P13
P14 SO4 Output PM14 =0 P14 =0
TXDO Qutput
P15 SCK4 Input PM15 =1 Setting not needed
for P15
Output PM15=0 P15=0 -
ASCKO Input PM15 =1 Setting not needed
for P15
P17 TI5 Input PM17 =1 Setting not needed
for P17 -
TO5 Output PM17 =0 P17 =0
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Table 5-16. Setting When Port Pin Is Used for Alternate Function (2/6)

Pin Name Alternate Function PMnx Bit of Pnx Bit of Other Bits
Function Name /0 PMn Register Pn Register (Register)
P20 SI2 Input PM20 = 1 Setting not needed
for P20
SDA1 I/0 PM20 =0 P20=0 PF20 =1
P21 S0O2 Output PM21 =0 P21 =0 -
P22 SCK2 Input PM22 = 1 Setting not needed
for P22 -
Output PM22 =0 P22=0
SCLA1 I/0 PF22 =1
P23 TI90 Input PM23 =1 Setting not needed
for P23
P24 TIo1 Input PM24 =1 Setting not needed
for P24
P25 TO9 Output PM25 =0 P25 =0 -
P26 IERXQ""" Input PM26 = 1 Setting not needed
for P26
P27 IETX0""" Output PM27 =0 P27 =0 -
P30 TI6 Input PM30 = 1 Setting not needed
for P30 -
TO6 Output PM30 =0 P30=0
P31 TI80 Input PM31 =1 Setting not needed
for P31
P32 TI81 Input PM32 =1 Setting not needed
for P32
P33 TO8 Output PM33 =0 P33=0 -
P34 TI7A Input PM34 = 1 Setting not needed
for P34
A13"e? Output PM34 =0 P34 =0 Refer to 3.4.6 (2) (MAM)
P35 INTP7 Input PM35 = 1 Setting not needed
for P35
Alg4te? Output PM35 =0 P35=0 Refer to 3.4.6 (2) (MAM)
P36 INTP8 Input PM36 = 1 Setting not needed
for P36
A15"e? Output PM36 =0 P36 =0 Refer to 3.4.6 (2) (MAM)
P37 INTP9 Input PM37 =1 Setting not needed

for P37

Notes 1. Only for the V850/SC2

2. Only for the V850/SC1 and V850/SC2
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Table 5-16. Setting When Port Pin Is Used for Alternate Function (3/6)

Pin Name Alternate Function PMnx Bit of Pnx Bit of Other Bits
Function Name /0 PMn Register Pn Register (Register)
P40 to P47 ADO to AD7 I/0 Setting not needed | Setting not needed | Refer to 3.4.6 (1) (MM)
for PM40 to PM47 for P40 to P47
P50 to P57 AD8 to AD15 /0 Setting not needed | Setting not needed | Refer to 3.4.6 (1) (MM)
for PM50 to PM57 for P50 to P57
P60 to P65 A16 to A21 Output Setting not needed | Setting not needed | Refer to 3.4.6 (1) (MM)
for PM60 to PM65 | for P60 to P65
P70 to P77 ANIO to ANI7 Input None Setting not needed
for P70 to P77
P80 to P83 ANI8 to ANI11 Input None Setting not needed
for P80 to P83
P90 LBEN Output Setting not needed | Setting not needed | Refer to 3.4.6 (1) (MM)
WRLN* Output for PM90 for P90
P91 UBEN Output Setting not needed | Setting not needed | Refer to 3.4.6 (1) (MM)
for PM91 for P91
P92 RW Output Setting not needed | Setting not needed | Refer to 3.4.6 (1) (MM)
_WRHM Output for PM92 for P92
P93 DSTB Output Setting not needed | P93 =1 Refer to 3.4.6 (1) (MM)
RD™* Output for PM93
P94 ASTB Output Setting not needed | P94 =1 Refer to 3.4.6 (1) (MM)
for PM94
P95 HLDAK Output Setting not needed | Setting not needed | Refer to 3.4.6 (1) (MM)
for PM95 for P95
P96 HLDRQ Input Setting not needed | Setting not needed | Refer to 3.4.6 (1) (MM)
for PM96 for P96
P100 KRO Input PM100 =1 Setting not needed
for P100 —
TO7 Output PM100 =0 P100=0
A5 Output Refer to 3.4.6 (2) (MAM)
P101 KR1 Input PM101 =1 Setting not needed
TI70 Input for P101
Ag"* Output PM101 =0 P101=0 Refer to 3.4.6 (2) (MAM)
P102 KR2 Input PM102 =1 Setting not needed
TI00 Input for P102
AT Output PM102 =0 P102=0 Refer to 3.4.6 (2) (MAM)

Note Only for the V850/SC1 and V850/SC2
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Table 5-16. Setting When Port Pin Is Used for Alternate Function (4/6)

Pin Name Alternate Function PMnx Bit of Pnx Bit of Other Bits
Function Name e PMn Register Pn Register (Register)
P103 KR3 Input PM103 =1 Setting not needed
for P103 —
TIO1 Input PM103=0 P103=0
Ag"! Output Refer to 3.4.6 (2) (MAM)
P104 KR4 Input PM104 =1 Setting not needed
for P104 _
TOO Output PM104 =0 P104 =0
AQ"! Output Refer to 3.4.6 (2) (MAM)
P105 KR5 Input PM105 =1 Setting not needed
TI10 Input for P105 B
A10™"! Output PM105=0 P105=0 Refer to 3.4.6 (2) (MVAM)
P106 KR6 Input PM106 =1 Setting not needed
TH1 Input for P106 -
AT Output PM106 =0 P106 =0 Refer to 3.4.6 (2) (MAM)
P107 KR7 Input PM107 =1 Setting not needed
for P107 —
TO1 Output PM107 =0 P107 =0
AN Output Refer to 3.4.6 (2) (MAM)
P110 WAIT Input PM110 =1 Setting not needed | WAC =1 (PAC)
for P110
Aqtee! Output PM110=0 P110=0 Refer to 3.4.6 (2) (MVAM)
P111 AN Output | PM111=0 P111=0 Refer to 3.4.6 (2) (MAM)
P112 AN Output PM112=0 P112=0 Refer to 3.4.6 (2) (MAM)
P113 Agte? Output PM113=0 P113=0 Refer to 3.4.6 (2) (MAM)
P114 CANTX1""? Output PM114=0 P114=0 PAC114 =1 (PAC)
P115 CANRX1""? Input PM115 =1 P115=0 PAC115 =1 (PAC)
Notes 1. Only for the V850/SC1 and V850/SC2

2. Only for the V850/SC3
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Table 5-16. Setting When Port Pin Is Used for Alternate Function (5/6)

Pin Name Alternate Function PMnx Bit of Pnx Bit of Other Bits
Function Name e PMn Register Pn Register (Register)
P116 CANTX2"" Output PM116=0 P116=0 PAC116 =1 (PAC)
P117 CANRX2"™ Input PM117 =1 P117=0 PAC117 =1 (PAC)
P120 SCK5 Input PM120 =1 P120=0 PAC120 = 1 (PAC2)
Output PM120=0
P121 SI5 Input PM121 =1 P121=0 PAC121 =1 (PAC2)
P122 SO5 Output PM122=0 P122=0 PAC122 =1 (PAC2)
P123 SCK6 Input PM123 =1 P123=0 PAC123 =1 (PAC2)
Output PM123=0
P124 Si6 Input PM124 =1 P124=0 PAC124 = 1 (PAC2)
P125 SO6 Output PM125=0 P125=0 PAC125 =1 (PAC2)
P126 TO10 Output PM126 =0 P126 =0 -
P127 TO11 Output PM127 =0 P127 =0 -
P140 SI3 Input PM140 =1 Setting not needed
RXD1 Input for P140 -
P141 SO3 Output PM141=0 P141 =0
TXD1 Output B
P142 SCK3 Input PM142 =1 Setting not needed
for P142
Output PM142=0 P142=0 -
ASCKA1 Input PM142 =1 Setting not needed
for P142
P143 RXD2 Input PM143 =1 Setting not needed 3
for P143
P144 TXD2 Output PM144 =0 P144 =0 -
P145 ASCK2 Input PM145 =1 Setting not needed 3
for P145
P146 TI100 Input PM146 =1 Setting not needed B
for P146
P147 TI101 Input PM147 =1 Setting not needed 3
for P147
P150 RXD3 Input PM150 =1 Setting not needed B
for P150
P151 TXD3 Output PM151 =0 P151=0 -

Note Only for the uPD703089Y and 70F3089Y
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Table 5-16. Setting When Port Pin Is Used for Alternate Function (6/6)

Pin Name Alternate Function PMnx Bit of Pnx Bit of Other Bits
Function Name e PMn Register Pn Register (Register)
P152 ASCK3 Input PM152 =1 Setting not needed
for P152
P153 TI110 Input PM153 =1 Setting not needed
for P153
P154 TI111 Input PM154 =1 Setting not needed
for P154
P155 TO12 Output PM155=0 P155=0 -
P156 TI120 Input PM156 =1 Setting not needed
for P156
P157 TiH21 Input PM157 =1 Setting not needed
for P157
P176 VM45 Output PM176 =0 P176 =0 Refer to 14.3 (2) (VM45C)

Caution When changing the output level of ports 0 and 3 by setting the port function output mode of
ports 0 and 3, the interrupt request flag will be set because ports 0 and 3 also have alternate
functions as external interrupt request inputs.

interrupt mask flag to 1 before using ports 0 and 3 as output pins.

Remark PMnx bit of PMn register and Pnx bit of Pn register

n0(x=0to07)
n:5(x=0to7)
n:10 (x=0to 7)
n

:17 (x=01t0 6)
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n:1(x=0to7)
n:6(x=0to5)
n:11 (x=0to07)

n2(x=0t07)
n:7(x=0t07)
n: 12 (x=0to 7)

n:3(x=0to07)
n: 8 (x=01o0 3)

n: 14 (x=0to 7)

n:4(x=0t07)
n:9 (x=0to 6)
n:15 (x=0to 7)

Therefore, be sure to set the corresponding
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* 5.4 Operation of Port Function
The operation of a port differs depending on whether the port is in the input or output mode, as described below.
5.4.1 Writing data to 1/O port

(1) In output mode
A value can be written to the output latch by using a transfer instruction. The contents of the output latch are
output from the pin. Once data has been written to the output latch, it is retained until new data is written to the
output latch.

(2) In input mode
A value can be written to the output latch by using a transfer instruction. Because the output buffer is off,
however, the status of the pin does not change.
Once data has been written to the output latch, it is retained until new data is written to the output latch.

Caution A bit manipulation instruction (CLR1, SET1, NOT1) manipulates 1 bit but accesses a port in 8-
bit units. If this instruction is executed to manipulate a port with a mixture of input and output
bits, the contents of the output latch of a pin set in the input mode, in addition to the bit to be
manipulated, are overwritten to the current input pin status and become undefined.

5.4.2 Reading data from I/O port
(1) In output mode
The contents of the output latch can be read by using a transfer instruction. The contents of the output latch do

not change.

(2) In input mode
The status of the pin can be read by using a transfer instruction. The contents of the output latch do not change.
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The V850/SC1, V850/SC2, and V850/SC3 are provided with an external bus interface function by which external
memories, such as ROM and RAM, and I/O can be connected.

6.1 Features

e Address bus (separate output possible only for the V850/SC1 and V850/SC2)

e 16-bit data bus

e Able to be connected to external devices via pins with alternate-functions as ports

e Wait function
e Programmable wait function: up to 3 wait states can be inserted every 2 blocks
e External wait control through WAIT input pin

¢ |dle state insertion function

e Bus mastership arbitration function

e Bus hold function
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6.2 Bus Control Pins and Control Register

6.2.1 Bus control pins
The following pins are used for interfacing to external devices.

Table 6-1. 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)

Note Only for the V850/SC1 and V850/SC2.

The bus interface function of each pin is enabled by setting the memory expansion mode register (MM) or memory
address output mode register (MAM) for the V850/SC1 and V850/SC2, and the memory expansion mode register
(MM) for the V850/SC3. For details of external bus interface operating mode specification, refer to 3.4.6 (1) Memory
expansion mode register (MM), (2) Memory address output mode register (MAM).

Caution For debugging when using the separate bus of the V850/SC1 and V850/SC2, refer to the user’s
manual of the relevant in-circuit emulator.
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6.2.2 Control register

(1) System control register (SYC) (V850/SC1, V850/SC2)
This register switches control signals for the bus interface.
The system control register can be read/written in 8- or 1-bit units.

After reset: 00H R/W Address: FFFFF064H
Symbol 7 6 5 4 3 2 1 <0>
SYC 0 0 0 0 0 0 0 BIC
BIC Bus interface control
0 DSTB, R/W, LBEN, UBEN"" signals output
1 E), W, W, UBEN™* signals 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/SC1 and V850/SC2, when using port 9 as an I/O port, set the BIC bit to 0.
Note that the BIC bit is 0 after system reset.

6.3 Bus Access

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

Table 6-2. Number of Access Clocks

Bus Cycle Type Peripheral /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 wait insertions
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6.3.2 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 6-1. Byte Access (8 Bits)

(a) Access to even addresses (b) Access to odd addresses
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 handled as is because the data bus is fixed to 16 bits.

Figure 6-2. 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 6-3. 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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6.4 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 6-4. Memory Block

FFFFFFH
Block 15 On-chip peripheral
FO0000H /O area
EFFFFFH
Block 14
EO00000H
DFFFFFH Internal RAM area
Block 13
D00000H
CFFFFFH
Block 12
C00000H
BFFFFFH
Block 11
BO0O00OOH
AFFFFFH
Block 10
A00000H
9FFFFFH
Block 9
900000H
8FFFFFH
Block 8
800000H Ext |
7EFFFEH xternal memory area
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
OFFFFFH
Block 0 Internal ROM area
000000H
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6.5 Wait Function

6.5.1 Programmable wait function

To facilitate interfacing with low-speed memories and 1/O devices, up to 3 data wait states can be inserted in a bus
cycle that starts every two memory blocks.

The number of wait states can be programmed by using the data wait control register (DWC). Immediately after
the system has been reset, three data wait insertion states are 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|DW00
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 1/O area of this block is also not subject to programmable wait control; wait
control is dependent upon the execution of each peripheral function.
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6.5.2 External wait function

When an extremely slow device, I/O, or asynchronous system is connected, any number of wait states can be
inserted in a 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 the programmable wait.

The external WAIT signal can be input asynchronously to CLKOUT and is sampled at the falling edge of the clock
in the T2 and TW states of the bus cycle. If the setup/hold time 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 in the V850/SC1 and V850/SC2, the
WAIT pin based wait function cannot be used when using a separate bus (programmable wait
can be used, however).

Similarly, a separate bus cannot be used when the WAIT pin based wait function is being used.

6.5.3 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 a
programmable wait and the wait cycle controlled by the WAIT pin. In other words, the number of wait cycles is
determined by whichever has more cycles.

Figure 6-5. 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 6-6. Example of Inserting Wait States

| |
Ckout _[ |_ [ LI LI LT LI 1L_1TI
WAIT pin / N\ [/ \ _
Wait by WAIT pin / \
Programmable wait / \
Wait control / \

Remark O: Valid sampling timing
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6.6 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

bus cycle following continuous bus cycles 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 insert 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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6.7 Bus Hold Function

6.7.1 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.

Bus hold requests are not acknowledged between the first and the second word access, nor between a read
access and a write access in the read modify write access of a bit manipulation instruction.

Note When using a separate bus in the V850/SC1 and V850/SC2, pins A1 to A15 are in a held state.
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6.7.2 Bus hold procedure
The procedure of the bus hold function is illustrated below.

Figure 6-7. Bus Hold Procedure

<1> HLDRQ = 0 acknowledged Normal status
<2> All bus cycle start requests pending
<3> End of current bus cycle

<4>Busidle status 0 cogeoooooooooooooo-
<5> HLDAK =0

<6> HLDRQ = 1 acknowledged
<7> HLDAK =1 Y
<8> Releases pending bus cycle start requests
<9> Start of bus cycle

Normal status

HLDAK | \ -/

1> <2> <3><4><5> K6><7><8><9>

6.7.3 Operation in power save mode

In the IDLE or 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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6.8 Bus Timing

The V850/SC1, V850/SC2, and V850/SC3 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 6.2.2 (1) System control register
(SYC) (v850/SC1, V850/SC2)).

Figure 6-8. Memory Read (1/4)

(a) 0 waits
T T2 T3
CLKOUT (output) 1 1 1
A16 to A21N°te (output) Address
A1 to A15 (output) Address

ADO to AD15 (I/0) ----r Address |} ----- { Data )------1 { -----
ASTB (output) \ /

R/W (output)

WRHNete, WRLNet (output)

DSTB, RDMet® (output)

UBEN, LBEN (output)

WAIT (input) / \

Note Only for the V850/SC1 and V850/SC2

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 0.
2. The broken lines indicate the high-impedance state.
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Figure 6-8. Memory Read (2/4)

(b) 1 wait
T T2 T™W T3
CLKOUT (output) _\_ _\_ _\_ _\_
A16 to A21 (output) Address
A1 to A15N°t (output) Address

ADO to AD15 (I/O) i Address |} ----- —< Data > ------- c----
ASTB (output) \ /

R/W (output)

'WRHNete, WRLNete (output)

DSTB, RD"e® (output)

UBEN, LBEN (output)

i \_ /7N

Note Only for the V850/SC1 and V850/SC2

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 1.
2. The broken lines indicate the high-impedance state.
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Figure 6-8. Memory Read (3/4)
(c) 0 waits, idle state

T1 T2 T3 Tl
CLKOUT (output) _\_ _\_ _\_ _\_
A16 to A21 (output) Address
A1 to A15N°te (output) Address

ADO to AD15 (I/O) ----r Address | p-=---- ( Data e T -(
ASTB (output) \ /

R/W (output)

WRHNete, WRLNete (output)

DSTB, RD"** (output)

UBEN, LBEN (output)

WAIT (input) / \

Note Only for the V850/SC1 and V850/SC2

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 0.
2. The broken lines indicate the high-impedance state.
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Figure 6-8. Memory Read (4/4)
(d) 1 wait, idle state

T1 T2 ™ T3 Tl
CLKOUT (output) _\_ _\_ _\_ _\_ _\_
A16 to A21 (output) Address
A1 to A15Nte (output) Address

ADO to AD15 (I/0) =---F Address ---- -< Data >- ----------------- ~(
ASTB (output) \ /

R/W (output)

WRHNete WRLNete (output)

DSTB, RDM°t® (output) /

UBEN, LBEN (output)

o \_ /7

Note Only for the V850/SC1 and V850/SC2

Remarks 1. O indicates the sampling timing when the number of programmable waits is set to 1.
2. The broken lines indicate the high-impedance state.
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CLKOUT (output)

A16 to A21 (output)

A1 to A15Mt T (output)

ADO to AD15 (1/O)

ASTB (output)

R/W (output)

RDMet* 1 (output)

DSTB (output)

WRHNe !, WRLNt ' (output)

UBEN, LBEN (output)

WAIT (input)

Notes 1.

Figure 6-9. Memory Write (1/2)
(a) 0 waits

T1

O\

O\

T2

T3

O\

Address

Address

Address

DataNote 2

—

—

/

Only for the V850/SC1 and V850/SC2

\

2. 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.

2. The broken lines indicate the high-impedance state.
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Figure 6-9. Memory Write (2/2)

(b) 1 wait
T T2 TW T3
CLKOUT (output) _\_ _\_ _\_ _\_
A16 to A21 (output) Address
A1 to A15N° 1 (output) Address
ADO to AD15 (I/10)  -=-=--r1 Address DataNote2

ASTB (output) \ /

R/W (output)

RDMete 1 (output)

DSTB (output)

WRHMete 1 WRLNete 1 (output)

UBEN, LBEN (output)

- \_ /7N

Notes 1. Only for the V850/SC1 and V850/SC2
2. 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 1.
2. The broken lines indicate the high-impedance state.
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CLKOUT (output)

HLDRQ (input)

HLDAK (output)

A16 to A21 (output)

A1 to A15N°t2 (output)

ADO to AD15 (I/O)

ASTB (output)

R/W (output)

DSTBNote 2’ ﬁ)Note 2‘
WRHNee2, WRLNe'*2 (output)

UBEN, LBEN (output)

WAIT (input)

T1

Figure 6-10. Bus Hold Timing

T2

T3

TH

TH

TH

TH

Tl

T1

Note 1

==/ ] =]

1 A

Address| = |fmmmm-qem-sm--om--ssssm-—-—-ob-m—-— < Address
Address Address
Address Data ~  |f=====q--==---=--m-=mmm---- -(Undefined Address

-<:

[

Notes 1. If the HLDRQ signal is inactive (high level) at this sampling timing, the bus hold state is not entered.
2. Only for the V850/SC1 and V850/SC2

3. |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 lines indicate the high-impedance state.
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6.9 Bus Priority

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

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

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

Table 6-3. Bus Priority

External Bus Cycle Priority

Bus hold 1

Operand data access

2
Instruction fetch (branch) 3
4

Instruction fetch (continuous)

6.10 Memory Boundary Operation Condition

6.10.1 Program space

(1) Do not execute a branch to the on-chip peripheral 1/0 area or a continuous fetch from the internal RAM area to
peripheral I/O area. If a branch or instruction fetch is executed, the NOP instruction code is continuously fetched
and fetching from external memory is not performed.

(2) A prefetch operation extending 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.

6.10.2 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”) is accessed by halfword (16 bits)/word (32 bits) access,
respectively.

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

The V850/SC1, V850/SC2, and V850/SC3 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 49 to 56

sources.

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

occurrence is dependent on program execution.
The V850/SC1, V850/SC2, and V850/SC3 can process interrupt requests from the on-chip peripheral hardware

and external sources.

(software exception) or by generation of an exception event (fetching of an illegal op code).

7.1.1 Features

e Interrupts

Non-maskable: 2 sources
Maskable: (Number of maskable interrupt sources differs depending on product)

(V850/SC1)

uPD703068Y, 70F3089Y: 49 sources
(V850/SC2)

uPD703069Y, 70F3089Y: 51 sources
(V850/SC3)

HuPD703088Y: 53 sources

uPD703089Y, 70F3089Y: 56 sources
8 levels of programmable priorities
Mask specification for interrupt requests according to priority
Masks can be individually specified for maskable interrupt requests.

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 op code exception)

The interrupt/exception sources are listed in Table 7-1.

User's Manual U15109EJ3VOUD
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Table 7-1. Interrupt Source List (1/3)

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 |Undefined -
Non- Interrupt - NMI NMI pin input - 0010H 00000010H | nextPC -
maskable | |nterrypt —  |INTWDT | WDTOVF non-maskable | WDT  |0020H | 00000020H |nextPC -
Software | Exception - TRAPONn™"*' | TRAP instruction - 004nH""" | 00000040H | nextPC -
exception | Exception - TRAP1n"*" | TRAP instruction - 005nH""*" | 00000050H | nextPC -
Exception | Exception - ILGOP lllegal op code - 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 | PICA1
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 INTPS5 pin Pin 00EOH 000000EOH | nextPC | PIC5
7 INTP6 INTP6 pin Pin 00FOH 000000FOH | nextPC | PIC6
8 INTCSI5 CSI5 transmit end SI05 0100H 00000100H | nextPC | CSIC5
9 INTAD A/D conversion end A/D 0110H 00000110H | nextPC | ADIC
10 INTDMAO | DMAO transfer end DMAO |0120H 00000120H | nextPC | DMAICO
11 INTDMAA1 DMA1 transfer end DMA1 0130H 00000130H | nextPC | DMAIC1
12 INTDMA2 | DMA2 transfer end DMA2 0140H 00000140H | nextPC | DMAIC2
13 INTTMOO TMO and CR0OO match/ | TMO 0150H 00000150H | nextPC | TMICOO

TIO1 pin valid edge
14 INTTMO1 TMO and CRO1 match/ | TMO 0160H 00000160H | nextPC | TMICO1
TIOO pin valid edge
15 INTTM10 TM1 and CR10 match/ | TM1 0170H 00000170H | nextPC | TMIC10
TI11 pin valid edge
16 INTTM11 TM1 and CR11 match/ | TM1 0180H 00000180H |nextPC | TMIC11
TI10 pin valid edge
17 INTTM70 TM7 and CR70 match/ | TM7 0190H 00000190H | nextPC | TMIC70
TI71 pin valid edge
18 INTTM71 TM7 and CR71 match/ | TM7 01AO0H 000001AOH | nextPC | TMIC71
TI70 pin valid edge
19 INTCSI6 CSI6 transmission/ CSl6 01BOH 000001BOH | nextPC | CSIC6
reception completion
20 INTTMS5/ TM5 compare match/ TM5/pin | 01COH 000001COH | nextPC | TMIC5
INTP8""* | OVF/INTPS pin

21 INTWTN Watch timer OVF WTN 01DOH 000001DOH | nextPC | WTNIC

22 INTWTNI Watch timer prescaler WTN O1EOH 000001EOQH | nextPC | WTNIIC

23 INTHCO/ I’CO interrupt/ I’co/ 01FOH 000001FOH | nextPC | CSICO
INTCSIO CSIO0 transmit end SI00

Notes 1. n: Oto FH
2. When using INTP8 or INTP9, stop TM5 and TM6 (TCEmO bit of TMCmO register = 0) and do not use
them (m =5, 6). When using TM5 or TM6, do not specify the valid edge for INTP8 and INTP9 (EGP1n
bit of EGP1 register and EGN1n bit of EGN1 register = 0) and do not use them as external interrupts
(they can be used as ports) (n = 6, 7).
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Table 7-1. Interrupt Source List (2/3)

Type Classifi- | Default Name Trigger Interrupt |Exception| Handler |Restored| Interrupt
cation | Priority Source Code Address PC Control
Register

Maskable | Interrupt 24 INTTM6/ TM6 compare match/ TM6/pin | 0200H 00000200H | nextPC | TMIC6
INTPQ" "’ OVF/INTP9 pin

25 INTSRO/ UART receive end/ UARTO/ | 0210H 00000210H | nextPC | CSIC4
INTCSI4 CSl4 transmit end S104

26 INTSTO UARTO transmit end UARTO | 0220H 00000220H | nextPC | STICO

27 |INTKR Key return interrupt KR 0230H 00000230H | nextPC | KRIC

28 INTCE1"*% | FCAN1 serial error/ FCAN1/ | 0240H 00000240H | nextPC | CANIC1/
INTIE1™*® | IEBus transfer end IEBus IEBICA

29 INTCR1""*? | FCAN1 reception/ FCAN1/ | 0250H 00000250H | nextPC | CANIC2/
INTIE2"® | IEBus communication end | IEBus IEBIC2

30 |INTCT1%"*? | FCAN1 transmission FCAN1 | 0260H 00000260H | nextPC | CANIC3

31 INTCME"™"? | FCAN memory access FCAN1/ | 0270H 00000270H | nextPC | CANIC7

error 2

32 |INTTM80 TM8 and CR80 match/ T™M8 0280H 00000280H | nextPC | TMIC80
TI81 pin valid edge

33 | INTTMS81 TM81 and CR81 match/ | TM8 0290H 00000290H | nextPC | TMIC81
TI80 pin valid edge
34 |[INTTM90 TM9 and CR90 match/ T™M9 02A0H | 000002A0H |nextPC | TMIC90
TI91 pin valid edge

35 | INTTMO1 TM9 and CR91 match/ T™M9 02BOH | 000002BOH | nextPC | TMICO1
TI90 pin valid edge

36 INTSR1/ UART1 receive end/ UART1/ | 02COH | 000002COH | nextPC | CSIC3
INTCSI3 CSI3 transmit end CSI3

37 INTSTH UART1 transmit end UART1 |02DOH | 000002DOH | nextPC | STICA
38 INTDMA3 DMAZ3 transfer end DMA3 02EOH 000002EOH | nextPC | DMAIC3
39 INTDMA4 DMAA4 transfer end DMA4 | 02FOH 000002FQ0H | nextPC | DMAIC4
40 INTDMAS5S DMAS transfer end DMA5 0300H 00000300H | nextPC | DMAIC5
41 INTCE2""* | FCAN2 serial error FCAN2 |0310H 00000310H | nextPC | CANIC4
42 INTCR2"™"** | FCAN2 reception FCAN2 | 0320H 00000320H | nextPC | CANIC5
43 | INTCT2""** | FCAN2 transmission FCAN2 |0330H 00000330H | nextPC | CANIC6
44 INTP7 INTP7 pin Pin 0340H 00000340H | nextPC | PIC7

45 INTSR2 UART2 receive end UART2 | 0350H 00000350H | nextPC | SRIC2
46 INTST2 UART2 transmit end UART2 | 0360H 00000360H | nextPC | STIC2
47 | INTSR3 UARTS3 receive end UART3 | 0370H 00000370H | nextPC | SRIC3
48 INTST3 UARTS transmit end UART3 | 0380H 00000380H | nextPC | STIC3

49 |[INTTM100 |TM10 and CR100 match/ | TM10 0390H 00000390H | nextPC | TMIC100
TI101 pin valid edge

Notes 1. When using INTP8 or INTP9, stop TM5 and TM6 (TCEmO bit of TMCmO register = 0) and do not use
them (m =5, 6). When using TM5 or TM6, do not specify the valid edge for INTP8 and INTP9 (EGP1n
bit of EGP1 register and EGN1n bit of EGN1 register = 0) and do not use them as external interrupts
(they can be used as ports) (n = 6, 7).

2. Only for the V850/SC3
Only for the V850/SC2
4. Only for the uPD703089Y and 70F3089Y

od
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INTERRUPT/EXCEPTION PROCESSING FUNCTION

Table 7-1. Interrupt Source List (3/3)

Type Classifi- | Default Name Trigger Interrupt | Exception| Handler |Restored| Interrupt
cation | Priority Source Code Address PC Control
Register
Maskable | Interrupt 50 |INTTM101 |TM10and CR101 match/ | TM10 |03AOH | 000003A0H |nextPC | TMIC101
TI100 pin valid edge
51 INTTM110 | TM11 and CR110 match/ | TM11 03BOH 000003BOH | nextPC | TMIC110
TI111 pin valid edge
52 INTTM111 | TM11 and CR111 match/ | TM11 03COH 000003COH | nextPC | TMIC111
TI110 pin valid edge
53 |INTTM120 |TM12and CR120 match/ |TM12 [03DOH |000003DOH |nextPC | TMIC120
TI121 pin valid edge
54 INTTM121 | TM12 and CR121 match/ | TM12 03EOH 000003EOH | nextPC | TMIC121
TI120 pin valid edge
55 INTIIC1/ I’C interrupt/ I’C1/ 03FOH 000003FOH | nextPC | CSIC2
INTIIC2 CSI2 transmit end SI02
Remarks 1. Default Priority: Priority when two or more maskable interrupt requests occur at the same time.
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 granted
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 op code exception occurs is

calculated with (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 and maskable interrupts (INTWDT and INTWDTM) are set by the WDTM4 bit of the
watchdog timer mode register (WDTM).
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7.2 Non-Maskable Interrupts

Non-maskable interrupts are 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/SC1, V850/SC2, and V850/SC3.

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

When the valid edge specified by the rising edge specification register 0 (EGP0) 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 when 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 acknowledgement of
another non-maskable interrupt request is held pending. The pending NMI is acknowledged when PSW.NP is
cleared to 0 after the original service routine of the non-maskable interrupt under execution has been terminated (by
the RETI instruction). Note that if two or more NMI requests are input during the execution of the service routine for
an NMI, only are NMI will be acknowledged after PSW.NP is cleared to 0.

Caution Do not clear PSW.NP to 0 using the LDSR instruction during non-maskable interrupt servicing.
If PSW. NP is cleared to 0, subsequent interrupts cannot be acknowledged correctly.
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7.2.1 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.

(1)
)
(3) Writes the exception code (0010H, 0020H) to the higher halfword (FECC) of ECR.
(4) Sets the NP and ID bits of the PSW and clears the EP bit.

(5)

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

Figure 7-1. Non-Maskable Interrupt Servicing

< < NMI input >
<Non-maskable interrupt request)

PSW. NP

INTC acknowledged

CPU processing

FEPC - restored PC ( Interrupt request pending >
FEPSW -— PSW

ECR. FECC =— exception code
PSW.NP =1

PSW.EP =«—0

PSW.ID =1

PC -~— Handler address

< Interrupt servicing >

Handler address:

00000010H (NMI)
00000020H (INTWDT)
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Figure 7-2. Acknowledging Non-Maskable Interrupt Requests

(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 regardless of the NP bit of PSW

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

J

i

Only one NMI request is acknowledged even though
two or more NMI requests are generated
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7.2.2 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 7-3. RETI Instruction Processing

( RETI instruction )

: 0

: 1

! PSW.NP

e -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.

224 User’'s Manual U15109EJ3VOUD



CHAPTER 7 INTERRUPT/EXCEPTION PROCESSING FUNCTION

7.2.3 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.

Figure 7-4. NP Flag (NP)

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

7.2.4 Noise eliminator of NMI pin

NMI pin noise is eliminated by a 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 only after a
certain period has elapsed.

The NMI pin is used for canceling the software stop mode. In the software stop mode, noise elimination using the
system clock does not occur because the internal system clock is stopped.
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7.2.5 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,
neither rising nor falling edge detected.

Rising edge specification register 0 (EGPO0) and falling edge specification register 0 (EGNO) specify the valid edge
of non-maskable interrupts (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 “neither rising nor falling edge detected” 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 “neither rising nor falling edge detected”.

(1) Format of rising edge specification register 0 (EGPO0)

After reset: 00H R/W Address: FFFFFOCOH
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
EGPO EGPO7 EGP06 EGPO05 EGP04 EGPO3 EGPO02 EGPO1 EGP00
EGPON Rising edge validity control
0 No interrupt request signal occurs at the rising edge
1 Interrupt request signal occurs at the rising edge
n = 0: NMI pin control
n=1to7: INTPO to INTP6 pins control
(2) Format of falling edge specification register 0 (EGNO)
After reset: 00H R/W Address: FFFFFOC2H
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
EGNO EGNO7 EGNO06 EGNO5 EGNO04 EGNO3 EGNO02 EGNO1 EGNOO0
EGNOn Falling edge validity control
0 No interrupt request signal occurs at the falling edge
1 Interrupt request signal occurs at the falling edge
n = 0: NMI pin control
n=1to7: INTPO to INTP6 pins control
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7.3 Maskable Interrupts

Maskable interrupt requests can be masked by interrupt control registers. The V850/SC1, V850/SC2, and
V850/SC3 have 49 to 56 maskable interrupt sources (refer to 7.1.1 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 acknowledgement 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 service routine currently 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).

7.3.1 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.

(8) 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 while another interrupt is being serviced (when
PSW.NP = 1 or PSW.ID = 1) are held pending internally. 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 a new maskable interrupt
servicing.

How maskable interrupts are serviced is shown below.

User's Manual U15109EJ3VOUD 227



CHAPTER 7 INTERRUPT/EXCEPTION PROCESSING FUNCTION

Figure 7-5. Maskable Interrupt Servicing

— C INT input )

Yes

-

INTC acknowledged

No
Interrupt enable mode?

Priority higher than
that of interrupt currently
being serviced?

Priority higher
than that of other interrupt
request?

ighest default
priority of interrupt requests
with the same priority?

—}L CMaskabIe interrupt request) C Interrupt request pending )

CPU processing

EIPC -—Restored PC C Interrupt request pending )
EIPSW -—PSW
ECR. EICC -«— Exception code

PSW.EP =0
PSW.ID =1
PC -~—Handler address

( Interrupt servicing )
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7.3.2 Restore
To restore execution from the 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 the 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 7-6. 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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7.3.3 Priorities of maskable interrupts

The V850/SC1, V850/SC2, and V850/SC3 provide a multiple interrupt service in which an interrupt can be
acknowledged while another interrupt is being serviced. Multiple interrupts can be controlled by priority levels.

There are two types of priority level control: control based on the default priority levels, and control based on the
programmable priority levels specified by the interrupt priority level specification bit (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) beforehand. For
more information, refer to Table 7-1. Programmable priority control divides 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 (1). Therefore,
when multiple interrupts are to be used, clear (0) the ID flag beforehand (for example, by placing the El instruction
into the interrupt service program) to set the interrupt enable mode.

Remark xx: Identifying name of each peripheral unit (see Table 7-2)
n: Peripheral unit number (see Table 7-2)
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Figure 7-7. Example of Interrupt Nesting Process (1/2)

( Main routine )

Servicing of a Servicing of b

.

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 ¢

\ /)

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

/A

Servicing of g

Interrupt request g —— Inte:rupt :e1quejt>h
(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 7-7. Example of Interrupt Nesting Process (2/2)

( Main routine )

El

Servicing of i
El Processing of k

Interrupt
Interrupt request i — request j__
(level 2) (level 3) . i .
Interrupt request j is held pending because its

Interrupt request k L . .
Pt ren priority is lower than that of i. k that occurs after j

(level 1) is acknowledged because it has the higher priority.
Servicing of j

Servicing of |

Interrupt requests m and n are held pending
Interrupt b . | ]
request m bgcause servicing of | is performed in the interrupt
(level 3) = disabled status.

Interrupt request n

(level 1)
s Pending interrupt requests are acknowledged after

Servicing of n servicing of interrupt request I.
At this time, interrupt requests n is acknowledged
first even though m has occurred first because the
priority of n is higher than that of m.

Servicing of m

Interrupt request | —
(level 2)

Servicing of o
E Servicing of p
Interrupt request 0 —

Servicing of q o

(level 3) reratgérstip; interrupt / 1 Serv|c|ng of r

(level 2) request g " Interrupt
(level 1) request r —»

(level 0)

If levels 3 to 0 are acknowledged

Servicing of s

Pending interrupt requests t and u are

Interrupt .
request t acknowledged f'iftgr processing of s. .
Interrupt request s —= (level 2) . | Note 1 Because the prl_orltles of t an_d uare the_same, uis
(level 1) Interrupt request u acknowledged first because it has the higher
level 2)—»-| Note2 default priority, regardless of the order in which the
I‘\(\\A interrupt requests have been generated.
Servicing of u
Servicing of t

Notes 1. Lower default priority
2. Higher default priority
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Figure 7-8. Example of Servicing Interrupt Requests Simultaneously Generated

C Main routine )

El

Interrupt request a (level 2)

Interrupt request b (level 1)Nete!
Interrupt request ¢ (level 1)Note2

Servicing of interrupt request b e Interrupt request b and c are
acknowledged first according to their
priorities.

* Because the priorities of b and ¢ are
. . the same, b is acknowledged first

Servicing of interrupt request ¢ pecayse it has the higher default

priority.

Servicing of interrupt request a

Notes 1. Higher default priority
2. Lower default priority

Remarks 1. ato c 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.

7.3.4 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- or 1-bit units.

Caution If the following three conditions conflict, interrupt servicing is executed twice. However, this
does not occur when DMA is not used.

Execution of a bit manipulation instruction corresponding to the interrupt request flag
(xxIFn)

An interrupt via hardware of the same interrupt control register (xxICn) as the interrupt
request flag (xxIFn) is generated

DMA is started during execution of a bit manipulation instruction corresponding to the
interrupt request flag (xxIFn)

Two workarounds using software are shown below.

Insert a DI instruction before the software-based bit manipulation instruction and an EI
instruction after it, so that jumping to an interrupt immediately after the bit manipulation
instruction execution does not occur.

When an interrupt request is acknowledged, since the hardware becomes interrupt
disabled (DI state), clear the interrupt request flag (xxIFn) before executing the EI
instruction in each interrupt servicing routine.
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After reset: 47H R/W Address: FFFFF100H to FFFFF172H
Symbol <7> <6> 5 4 3 2 1 0
xxICn xxIFn xXMKn 0 0 0 xxPRn2 xxPRn1 xxPRn0O
xxIFn Interrupt request flag"™
0 Interrupt request not generated
1 Interrupt request generated
xXMKn Interrupt mask flag
0 Enables interrupt servicing
1 Disables interrupt servicing (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 interrupt request is acknowledged.
Remark xx: Identifying name of each peripheral unit (see Table 7-2)
n:  Peripheral unit number (see Table 7-2)
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The addresses and bits of the interrupt control registers are as follows.

Table 7-2. Interrupt Control Registers (xxICn) (1/2)

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 PPR02 PPRO1 PPR0O0O
FFFFF104H | PICA1 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 PPR50
FFFFF10EH | PIC6 PIF6 PMK6 0 0 0 PPR62 PPR61 PPR60
FFFFF110H | CSIC5 CSIF5 CSMK5 0 0 0 CSPR52 CSPR51 CSPR50
FFFFF112H | ADIC ADIF ADMK 0 0 0 ADPR2 ADPR1 ADPRO
FFFFF114H | DMAICO DMAIFO DMAMKO |0 0 0 DMAPR02 |DMAPRO1 | DMAPROO
FFFFF116H | DMAIC1 DMAIF1 DMAMK1 |0 0 0 DMAPR12 | DMAPR11 | DMAPR10
FFFFF118H | DMAIC2 DMAIF2 DMAMK2 |0 0 0 DMAPR22 | DMAPR21 | DMAPR20
FFFFF11AH | TMICOO TMIFO00 TMMKOO |0 0 0 TMPR002 | TMPRO01 | TMPRO0OO
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 | TMIC70 TMIF70 TMMK70 |0 0 0 TMPR702 | TMPR701 | TMPR700
FFFFF124H | TMIC71 TMIF71 TMMK71 |0 0 0 TMPR712 | TMPR711 | TMPR710
FFFFF126H | CSIC6 CSIF6 CSMK6 0 0 0 CSPR62 CSPR61 CSPR60
FFFFF128H | TMIC5 TMIF5 TMMK5 0 0 0 TMPR52 TMPR51 TMPR50
FFFFF12AH | WTNIC WTNIF WTNMK |0 0 0 WTNPR2 |WTNPR1 |[WTNPRO
FFFFF12CH | WTNIIC WTNIIF WTNIMK |0 0 0 WTNIPR2 | WTNIPR1 | WTNIPRO
FFFFF12EH | CSICO CSIF0 CSMKO 0 0 0 CSPR02 CSPRO1 CSPRO00
FFFFF130H | TMIC6 TMIF6 TMMK6 0 0 0 TMPR62 TMPR61 TMPR60
FFFFF132H | CSIC4 CSIF4 CSMK4 0 0 0 CSPR42 CSPR41 CSPR40
FFFFF134H | STICO STIFO STMKO 0 0 0 STPR02 STPRO1 STPROO
FFFFF136H | KRIC KRIF KRMK 0 0 0 KRPR2 KRPR1 KRPRO
FFFFF138H | CANIC1""' | CANIF1 CANMK1 |0 0 0 CANPR12 |CANPR11 |CANPR10

IEBIC1"™"* |IEBIF1 IEBMK1 0 0 0 IEBPR12 | IEBPR11 IEBPR10
FFFFF13AH | CANIC2""" | CANIF2 CANMK2 |0 0 0 CANPR22 |CANPR21 | CANPR20

IEBIC2""* | IEBIF2 IEBMK2 0 0 0 IEBPR22 | IEBPR21 IEBPR20
FFFFF13CH | CANIC3""" | CANIF3 CANMKS3 |0 0 0 CANPR32 |CANPR31 | CANPR30
FFFFF13EH | CANIC7""*"' | CANIF7 CANMK?7 |0 0 0 CANPR72 | CANPR71 | CANPR70
FFFFF140H | TMIC80 TMIF80 TMMK80 |0 0 0 TMPR802 | TMPR801 | TMPR800
FFFFF142H | TMIC81 TMIF81 TMMK81 |0 0 0 TMPR812 | TMPR811 | TMPR810
FFFFF144H | TMIC90 TMIF90 TMMK90 |0 0 0 TMPR902 | TMPR901 | TMPR900
FFFFF146H | TMICO1 TMIF91 TMMK91 |0 0 0 TMPR912 | TMPR911 | TMPR910
FFFFF148H | CSIC3 CSIF3 CSMK3 0 0 0 CSPR32 CSPR31 CSPR30
FFFFF14AH | STICAH STIF1 STMK1 0 0 0 STPR12 STPR11 STPR10

Notes 1. Only for the V850/SC3
2. Only for the V850/SC2
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Table 7-2. Interrupt Control Registers (xxICn) (2/2)

Address Register Bit
<7> <6> 5 4 2 1 0
FFFFF14CH | DMAIC3 DMAIF3 DMAMK3 |0 0 0 DMAPR32 |DMAPR31 | DMAPR30
FFFFF14EH | DMAIC4 DMAIF4 |DMAMK4 |0 0 0 DMAPR42 | DMAPR41 | DMAPR40
FFFFF150H |DMAIC5 |DMAIF5 | DMAMK5 |0 0 0 DMAPR52 | DMAPRS51 | DMAPR50
FFFFF152H | CANIC4"™" | CANIF4 CANMK4 |0 0 0 CANPR42 | CANPR41 | CANPR40
FFFFF154H | CANIC5™® | CANIF5 | CANMK5 |0 0 0 CANPR52 | CANPR51 | CANPR50
FFFFF156H | CANIC6""* | CANIF6 CANMK6 |0 0 0 CANPR62 | CANPR61 | CANPR60
FFFFF158H | PIC7 PIF7 PMK7 0 0 0 PPR72 PPR71 PPR70
FFFFF15AH | SRIC2 SRIF2 SRMK2 0 0 0 SRPR22 SRPR21 SRPR20
FFFFF15CH | STIC2 STIF2 STMK2 |0 0 0 STPR22  |STPR21 | STPR20
FFFFF15EH | SRIC3 SRIF3 SRMK3 0 0 0 SRPR32 SRPR31 SRPR30
FFFFF160H | STIC3 STIF3 STMK3 |0 0 0 STPR32 [STPR31 |STPR30
FFFFF162H | TMIC100 |TMIF100 |TMMK100 |0 0 0 TMPR1002 | TMPR1001 | TMPR1000
FFFFF164H | TMIC101 TMIF101 | TMMK101 |0 0 0 TMPR1012 | TMPR1011 | TMPR1010
FFFFF168H |TMIC110 |TMIF110 |TMMK110 |0 0 0 TMPR1102 | TMPR1101 | TMPR1100
FFFFF16AH |TMIC111 [ TMIF111 |TMMK111 |0 0 0 TMPR1112 | TMPR1111 | TMPR1110
FFFFF16CH | TMIC120 | TMIF120 |TMMK120 |0 0 0 TMPR1202 | TMPR1201 | TMPR1200
FFFFF16EH |TMIC121 [TMIF121 |TMMK121 |0 0 0 TMPR1212 | TMPR1211 | TMPR1210
FFFFF172H | CSIC2 CSIF2 CSMK2 0 0 0 CSPR22 CSPR21 CSPR20

Note Only for the uPD703089Y and 70F3089Y
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7.3.5 In-service priority register (ISPR)

This register holds the priority level of the maskable interrupt currently requesting acknowledgement. When the
interrupt request is acknowledged, the bit of this register corresponding to the priority level of that interrupt is set (1)
and remains set while the interrupt is being serviced.

When the RETI instruction is executed, the bit corresponding to the interrupt request having the highest priority is
automatically reset (0) by hardware. However, it is not reset (0) when execution is returned from non-maskable
interrupt servicing or exception processing.

This register is read-only, in 8- or 1-bit units.

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 requesting acknowledgement
0 Interrupt request with priority n not acknowledged
1 Interrupt request with priority n acknowledged

Remark n: 0to 7 (priority level)

7.3.6 1D flag
The interrupt disable flag (ID) controls the enabling and disabling of maskable interrupt requests, and is assigned
to the PSW.

Figure 7-9. ID Flag

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 acknowledgement enabled
1 Maskable interrupt acknowledgement disabled (pending)

Note Interrupt disable flag (ID) function
ID is set (1) by the DI instruction and reset (0) by the El instruction. lts value is also modified by the RETI
instruction or LDSR instruction when referencing the PSW.
Non-maskable interrupts and exceptions are acknowledged regardless of this flag. When a maskable
interrupt is acknowledged, the ID flag is automatically set (1) by hardware.
An interrupt request generated during the acknowledgement disabled period (ID = 1) can be acknowledged
when the xxIFn bit of xxICn is set (1), and the ID flag is reset (0).

Remark xx: Identifying name of each peripheral unit (see Table 7-2)
n: Peripheral unit number (see Table 7-2)
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7.3.7 Watchdog timer mode register (WDTM)
This register can be read/written in 8- or 1-bit units (for details, refer to CHAPTER 10 WATCHDOG TIMER).

After reset: 00H R/W Address: FFFFF384H
Symbol <7> 6 5 4 3 2 1 0
WDTM RUN 0 0 WDTM4 | WDTMS3 0 0 0
RUN Watchdog timer operation control
0 Count operation stopped
1 Count started after clearing
WDTM4 Timer mode selection/interrupt control by WDT
0 Interval timer mode
1 WDT mode
WDTMS3 Internal reset signal generation selection
0 When overflow occurs, the internal reset signal is not generated
1 When overflow occurs, the internal reset signal is generated

Caution If the RUN, WDTM4, or WDTM3 bit is set to 1, that bit can only be cleared by reset input.
7.3.8 Noise elimination

(1) Elimination of noise from INTPO to INTP3 and INTP7 to INTP9 pins
An on-chip noise eliminator is provided that uses analog delay to eliminate noise. Consequently, if a signal
having a constant level is input for longer than a specified time, it is detected as a valid edge.
Edge detection occurs only after the specified amount of time has elapsed.

(2) Elimination of noise from INTP4 and INTP5 pins
A digital noise eliminator is provided on chip. 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 noise. Note the
following:

o |f the input pulse width is 2 or 3 clocks, whether it will be detected as a valid edge or eliminated as noise is
undetermined.
To securely detect a valid edge, the same level input of 3 clocks or more is required.

e When a noise is generated in synchronization with a sampling clock, this may not be recognized as a noise.
In this case, eliminate the noise by adding a filter to the input pin.
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(3) Elimination of noise from INTP6 pin
A digital noise eliminator is provided on chip. The sampling clock for digital sampling can be selected from
among fxx, fxx/64, fxx/128, fxx/256, fxx/512, fxx/1024, and fxt. Sampling is performed 3 times.
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- 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 is input within these 3 clocks, an interrupt
request may occur. Therefore, observe the following points when using the interrupt and DMA
functions.

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.

(a) Noise elimination control register (NCC)

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 Sampling clock Reliably eliminated noise width"*®
fxx =20 MHz |fxx = 18.87 MHz | fxx = 16 MHz
0 0 0 fxx 100.0 ns 105.0 ns 125.0 ns
0 0 1 fxx/64 6.4 us 6.7 us 8.0 us
0 1 0 fxx/128 12.8 us 13.5 us 16.0 us
0 1 1 fxx/256 25.6 us 27.1 us 32.0 us
1 0 0 fxx/512 51.2 us 54.2 us 64.0 us
1 0 1 fxx/1024 102.4 us 108.5 us 128.0 us
1 1 0 Setting prohibited
1 1 1 fxt 61 us

Note Since sampling is performed three times, the reliably eliminated noise width is 2 x sampling clock.
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7.3.9 Edge detection function
Valid edges of the INTPO to INTP9 pins can be selected for each pin from the following four types.

¢ Rising edge

o Falling edge

¢ Both rising and falling edges

¢ Neither rising nor falling edge detected

The validity of the rising edge is controlled by rising edge specification register n (EGPn), and the validity of the
falling edge is controlled by falling edge specification register n (EGNn) (n = 0, 1). These can be read/written in 8- or
1-bit units. Refer to 7.2.5 (1) Format of rising edge specification register 0 (EGP0) and 7.2.5 (2) Format of
falling edge specification register 0 (EGNO) for details of EGPO and EGNO and (1) Format of rising edge
specification register 1 (EGP1) and (2) Format of falling edge specification register 1 (EGN1) for details of
EGP1 and EGN1.

After reset, the valid edges of the INTPO to INTP9 pins are set to the “neither rising nor falling edge detected”
state. Therefore, the NMI pin functions as a normal port and interrupt requests cannot be acknowledged, unless a
valid edge is specified by using the EGP0 and EGNO registers.

When using P01 to P07 or P35 to P37 as output ports, set the valid edges of INTPO to INTP6 or INTP7 to INTP9
to “neither rising nor falling edge detected” or mask interrupt requests.

(1) Format of rising edge specification register 1 (EGP1)

After reset: 00H R/wW Address: FFFFFOC4H
Symbol <7> <6> <5> 4 3 2 1 0
EGP1 EGP17 EGP16 EGP15 0 0 0 0 0
EGP1n Rising edge validity control
0 No interrupt request signal occurs at the rising edge
1 Interrupt request signal occurs at the rising edge

n=>51t0 7: Control of INTP7 to INTP9 pins

(2) Format of falling edge specification register 1 (EGN1)

After reset: 00H R/W Address: FFFFFOC6H
Symbol <7> <6> <5> 4 3 2 1 0
EGNH1 EGN17 EGN16 EGN15 0 0 0 0 0
EGN1n Falling edge validity control
0 No interrupt request signal occurs at the falling edge
1 Interrupt request signal occurs at the falling edge

n =5to 7: Control of INTP7 to INTP9 pins
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7.4 Software Exceptions

A software exception is generated when the CPU executes the TRAP instruction, and can be always
acknowledged.

e 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.

7.4.1 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.

(3) 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 7-10. Software Exception Processing

- ( TRAP instruction )

EIPC -— restored PC
EIPSW -— PSW
ECR.EICC —=— exception code
PSW.EP w1

PSW.ID =1 Handler address:
PC ~—handler address 00000040H (Vector = OnH)

00000050H (Vector = 1nH)
( Exception processing )

CPU processing
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7.4.2 Restore

To restore or return execution from a software exception service routine, 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 7-11. RETI Instruction Processing

( RETI instruction )

0
<o >
° 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 software
exception processing, 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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7.4.3 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.

After reset: 00000020H

Figure 7-12. EP Flag (EP)

Symbol 31 8 7 6 5 4 3 2
PSW 0 NP | EP | ID |SAT|CY |OV
EP Exception processing

Exception processing is not in progress

Exception processing is in progress
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7.5 Exception Trap

The exception trap is an interrupt that is requested when the illegal execution of an instruction takes place. In the
V850/SC1, V850/SC2, and V850/SC3, an illegal op code exception (ILGOP: ILeGal OPcode trap) is considered as an
exception trap.

¢ lllegal op code exception: occurs if the sub op code field of an instruction to be executed next is not a valid op
code.

7.5.1 lllegal op code definition
An illegal op code is defined to be a 32-bit word with bits 5to 10 = 111111B and bits 23 to 26 = 0011B to 1111B.

Figure 7-13. lllegal Op Code

15 13121110 5 4 0 31 27 26 23222120 1716
1 T 1T T T 1 1 T 1 1 1 1 T T T T 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

7.5.2 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.

(8) 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.

How the exception trap is processed is shown below.

Figure 7-14. 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 )
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7.5.3 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 7-15. 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 exception
trap processing, 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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7.6 Priority Control

7.6.1 Priorities of interrupts and exceptions

Table 7-3. 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 op code exception

*: Item on the left ignores the item above.

X: Item on the left is ignored by the item above.

T: Item above is higher than the item on the left in priority.
—: Item on the left is higher than the item above in priority.
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7.6.2 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 an interrupt service routine currently 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 when interrupts are enabled (ID = 0).

Even in an interrupt

servicing routine, multiple interrupt control must be performed while interrupts are enabled (ID = 0). If a maskable

interrupt or exception is generated in a maskable interrupt or exception service program, EIPC and EIPSW must be

saved.

The following example shows the procedure of interrupt nesting.

(1) To acknowledge maskable interrupts in service program

Service program of maskable interrupt or exception

¢ EIPC saved to memory or register

e EIPSW saved to memory or register

¢ El instruction (enables interrupt
acknowledgement)

¢ Dl instruction (disables interrupt
acknowledgement)

¢ Saved value restored to EIPSW

e Saved value restored to EIPC

e RETI instruction

(2) To generate exception in service program

Service program of maskable interrupt or exception

¢ EIPC saved to memory or register

e EIPSW saved to memory or register

¢ El instruction (enables interrupt
acknowledgement)

e TRAP instruction
e lllegal op code

e Saved value restored to EIPSW
e Saved value restored to EIPC
e RETI instruction

« Acknowledges interrupts such as INTP input.

« Acknowledges exceptions such as TRAP instruction.

« Acknowledges exceptions such as illegal op code.
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Priorities 0 to 7 (0 is the highest) can be programmed for each maskable interrupt request in 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, interrupt requests are masked by the
xXMKn bit, and the priority level is set to 7 by the xxPRnO to xxPRn2 bits.

Remark xx: Identifying name of each peripheral unit (see Table 7-2)
n: Peripheral unit number (see Table 7-2)

Priorities of maskable interrupts
(High) Level O > 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 a non-maskable interrupt servicing routine (in the time until the RETI instruction is executed),
maskable interrupts are not acknowledged and held pending.
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7.7 Response Time

The following table describes the interrupt response time (from interrupt request generation to start of interrupt

servicing).

Interrupt request I

Figure 7-16. Pipeline Operation at Interrupt Request Acknowledgement

‘

7 to 14 system clocks

l--4 system clocks —|

System clock ||||||||||||||||||||||||||||||||||

Instruction 1
Instruction 2
Instruction 3

Interrupt acknowledge operation

Instruction (start instruction of
interrupt servicing routine)

| IF

ID | EX [MEM WB |

INT1 to INT4: Interrupt acknowledge processing

IFX|IDX

IFX

INT1[INT2[INT3]INT4
IF | ID | EX |MEM wB|

IFx: Invalid instruction fetch
IDx: Invalid instruction decode
Interrupt response time (system clock) Conditions
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

e InIDLE/STOP mode

e External bus is accessed

e Two or more interrupt request non-sample instructions
are executed in succession

e Access to interrupt control register
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7.8 Periods in Which Interrupts Are Not Acknowledged

Interrupts are 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
e El instruction

¢ Dl instruction

e LDSR reg2, 0x5 instruction (vs. PSW)

* 7.8.1 Interrupt request valid timing following El instruction

When an interrupt request is generated (IF flag = 1) in the status in which interrupts have been disabled by the DI
instruction and interrupts are not masked (MK flag = 0), 7 system clocks are required until the interrupt request is
acknowledged following execution of the El instruction (interrupt enable). If the DI instruction (interrupt disable) is
executed during the 7 system clocks, the interrupt request is not acknowledged by the CPU.

Therefore, instructions equivalent to 7 system clocks must be inserted as the number of instruction execution
clocks after executing the El instruction (interrupt enable). However, securing 7 system clocks is disabled under the
following conditions because an interrupt request is not acknowledged even if 7 system clocks are secured.

e IDLE/STOP mode
¢ Interrupt request non-sampling instruction (instruction to manipulate PSD.ID bit)

¢ Access to interrupt request control register (xxICn)

The following shows an example of program processing.
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[Program processing example]

DI

EI
NOP
NOP
NOP
NOP
JR

LP1
DI

; (MK flag = 0)

;¢ Interrupt request generated (IF flag = 1)

;EI instruction executed

;1 system clock

;1 system clock

1 system clock Note

;1 system clock

LP1 ;3 system clocks (branched to LP1 routine)

;LP1 routine

;After EI instruction executed, executed at the 8th clock by NOP

X 4 and JR instructions

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 8th clock after El instruction execution, so

an interrupt request is acknowledged by the CPU and the interrupt is serviced.

This timing does not imply that the interrupt servicing routine instruction is executed at the 8th
clock after El instruction. The interrupt servicing routine instruction is executed 4 system clocks
after interrupt request acknowledgement by the CPU.

This example indicates the case where an interrupt request is generated (IF flag = 1) before the
El instruction is executed. In the case where an interrupt request is generated (IF flag = 1) after
the El instruction is executed, the interrupt request is also not acknowledged by the CPU if
interrupts are disabled (PSW.ID = 1) within 7 system clocks after the IF flag is set (1).
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Figure 7-17. Pipeline Flow and Interrupt Request Generation Timing

(a) When DI instruction is executed at 8th system clock after El instruction execution
(interrupt request is acknowledged)

S B T = R
o [_F_[ D | Ex :wEm i ws
NOP | IF ID EX ! MEM !
NOP | IF D | EX :MEM: WB i
NOP | IF D P ‘
NOP IF WB ________
NoP PMEM S WB
EX : MEM : WB : ‘
o | ex | mEm: ws_:
ei signal |
intrq signal

intrq signal generated

(b) When Dl instruction is executed at 7th system clock after El instruction execution
(interrupt request is not acknowledged)

B | IF ID EX [ MEM : wB !
nop [ IF | D [ EX PweEm:iwe i
Nop | IF ID EX :MEM: WB :
NOP | IF ID EX ! MEM : WB !
Nop | F | o T Ex PMEM: wB i
NoP | IF ID EX i MEM : WB :

NOP | IF ID EX ! MEM P wWB i
DI IF D | Ex | MEM i wB :

ei signal |

intrq signal : ------------------------

intrq signal not generated

* 7.9 Bit Manipulation Instruction of Interrupt Control Register on DMA Transfer

When using the DMA function, execute the DI instruction before performing bit manipulation of the interrupt control
register (xxICn) in the EIl status and execute the El instruction after performing manipulation. Alternately, clear (0)
the xxIF bit at the start of the interrupt servicing routine.

When not using the DMA function, these manipulations are not required.

Remark xx: Identifying name of each peripheral unit (see Table 7-2)
n: Peripheral unit number (see Table 7-2)
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7.10 Key Interrupt Function

A key interrupt can be generated by inputting a falling edge to 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- or 1-bit units.

After reset: 00H R/W Address: FFFFF3DOH
<7> <6> <5> <4> 3 2 1 <0>
KRM KRM7 KRM6 KRM5 KRM4 0 0 0 KRMO
KRMn Key return mode control
0 Does not detect key return signal
1 Detects key return signal

Caution 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 7-4. 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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254

KR7

KR6

KR5

KR4

KR3

KR2

KR1

KRO

Figure 7-18. Block Diagram of Key Return

9990000¢

[<RM7|KRM8[KRMS[KRM4] 0 | 0 | 0 [KRMO|
Key return mode register (KRM)
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8.1 16-Bit Timer (TMO, TM1, TM7 to TM12)

8.1.1 Outline

e 16-bit capture/compare registers: 2 (CRn0, CRn1)

¢ Independent capture/trigger inputs: 2 (TInO, TIn1)

e Support of output of capture/match interrupt request signals (INTTMnO, INTTMn1)

e Eventinput (shared with TIn0) via digital noise eliminator and support of edge specifications

e Timer output operated by match detection: 1 each (TOn)
When using the P104/TO0, P107/TO1, and P100/TO7 pins as TOO0, TO1, and TO7 (timer output), set the value
of port 10 (P10) to 0 (port mode output) and the port 10 mode register (PM10) to 0.
When using the P33/TO8 pins as TO8 (timer output), set the value of port 3 (P3) to 0 (port mode output) and
the port 3 mode register (PM3) to 0.
When using the P25/TO9 pins as TO9 (timer output), set the value of port 2 (P2) to 0 (port mode output) and
the port 2 mode register (PM2) to 0.
When using the P126/TO10 and P127/TO11 pins as TO10 and TO11 (timer output), set the value of port 12
(P12) to 0 (port mode output) and the port 12 mode register (PM12) to 0.
When using the P155/TO12 pins as TO12 (timer output), set the value of port 15 (P15) to 0 (port mode output)
and the port 15 mode register (PM15) to 0.
The ORed value of the output of the port and the timer is output.

Remark n=0,1,7to12

8.1.2 Function
TMO, TM1, and TM7 to TM12 have the following functions:

e |Interval timer

e PPG output

e Pulse width measurement
o External event counter

e Square-wave output

¢ One-shot pulse output

The following shows the block diagram.
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Figure 8-1. Block Diagram of TMO, TM1, and TM7 to TM12

8 Internal bus

Capture/compare control
register n (CRCn)

| CRCn2 ‘ CRCn1 ‘ CRCnO |

| | Selector| — pINTTMnO

4’
. 16-bit capture/compare
Noise Selectorpp! .
Tim ™ eliminator | register n0 (CRnO)
‘ ‘ Match
Note
Count clock™* —» 16-bit timer register (TMn) 4—Eear | Output
4 controller | TOn
o
Noise Match »
/2 —» eliminator 3
TIno Noise 16-bit capture/compare
eliminator register n1 (CRn1)
» INTTMn1
= Selector
CRCn2 R S \
[Prvn2] [ PRVNT | PRMIO | [ mcna | Tmen2| Tvcnt | oven | [ osPTn | osPen | Tocns | Lvsn | Lvrn | Tocnt | ToEn |
Prescaler mode
register n1 (PRMn1) ‘ Prescaler mode 16-Dit fimer mode ‘ ‘ Timer output control
. control reg|ster n .
register n0 (PRMn0) (TMCn) register n (TOCn)
Internal bus 8

Note The count clock is set by the PRMn0 and PRMn1 registers.
Remark n=0,1,7to12

(1) Interval timer
Generates an interrupt at preset time intervals.

(2) PPG output
Can output a square wave with a frequency and output-pulse width that can be set arbitrarily.

(3) Pulse width measurement
Can measure the pulse width of a signal input from an external source.

(4) External event counter
Can measure the number of pulses of a signal input from an external source.

(5) Square-wave output
Can output a square-wave of any frequency.

(6) One-shot pulse output
Can output a one-shot pulse with any output pulse width.
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8.1.3 Configuration
Timers 0, 1, and 7 to 12 include the following hardware.

Table 8-1. Configuration of Timers 0, 1, and 7 to 12

ltem Configuration

Timer registers 16 bits x 8 (TM0, TM1, TM7 to TM12)

Registers Capture/compare registers: 16 bits x 6 (CRn0, CRn1)

Timer outputs 8 (TOO0, TO1, TO7 to TO12)

Control registers 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 (PRMn0O, PRMn1)

Remark n=0,1,7to 12

(1) 16-bit timer registers 0, 1, 7 to 12 (TMO, TM1, TM7 to TM12)
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 (n=0, 1, 7 to 12):

<1> At RESET input

<2> If 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 CRnO match in the clear & start mode entered on a match between TMn and CRnO

<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) Capture/compare register n0 (CR00, CR10, CR70 to CR120)
CRnO is a 16-bit register that functions as both a capture register and a compare register. Whether this register
functions as a capture or compare register is specified by using bit 0 (CRCn0) of the CRCn register (n =0, 1, 7 to

12).

(a)

(b)

When using CRn0 as compare register

The value set to CRnO is continually 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, CRn0
can also be used as the register that holds the interval time (n =0, 1, 7 to 12).

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 for TInO or TIn1
is set by using the PRMnO register.

When the valid edge for the TInO pin is specified as the capture trigger, refer to Table 8-2. When the valid
edge for the TIn1 pin is specified as the capture trigger, refer to Table 8-3 (n =0, 1, 7 to 12).

Table 8-2. 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
1 1 Both rising and falling edges No capture operation

Remark n=0,1,7to12

Table 8-3. 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 1 Both rising and falling edges Both rising and falling edges

258

Remark n=0,1,7t0 12

CRnO is set using a 16-bit memory manipulation instruction.

When used as a compare register, CRn0 can be read/written, but when used as a capture register, CRn0
can only be read.

RESET input sets CRnO to 0000H.

In the clear & start mode entered on a match between TMn and CRn0, set CRnO to a value
other than 0000H. In the free-running mode or the TInO valid edge clear mode, however, an
interrupt request (INTTMnO) is generated after an overflow (FFFFH) when CRnO is set to
0000H.

Caution
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(3) Capture/compare register n1 (CR01, CR11, CR71 to CR121)
This is a 16-bit register that can be used as both a capture register and a compare register. Whether it is used
as a capture register or compare register is specified by bit 2 (CRCn2) of the CRCn register (n=0, 1, 7 to 12).

(a)

(b)

When using CRn1 as compare register
The value set to CRn1 is continually compared with the count value of TMn. When the values of the two
match, an interrupt request (INTTMn1) is generated (n =0, 1, 7 to 12).

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

using the PRMnO register.
When the capture trigger is specified as the valid edge of TInO, the relationship between the TInO valid edge

and the CRn1 capture trigger is as follows.

Table 8-4. Valid Edge of TIn0 Pin and Capture Trigger of CRn1

ESn01 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

Both rising and falling

edges

edges

Remark n=0,1,7t0 12

CRn1 is set using a 16-bit memory manipulation instruction.

When used as a compare register, CRn1 can be read/written, but when used as a capture register, CRn1
can only be read.

RESET input sets these registers to 0000H.

In the clear & start mode entered on a match between TMn and CRn1, set CRn1 to a value
other than 0000H. In the free-running mode or the TInO valid edge clear mode, however, an
interrupt request (INTTMn1) is generated after an overflow (FFFFH) when CRn1 is set to
0000H.

Caution
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8.1.4 Timer 0, 1, 7 to 12 control registers
Timers 0, 1, and 7 to 12 are controlled by the following registers.

¢ 16-bit timer mode control register n (TMCn)
e Capture/compare control register n (CRCn)
¢ 16-bit timer output control register n (TOCn)
e Prescaler mode registers n0, n1 (PRMn0, PRMn1)

Remark n=0,1,7to 12

(1) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12)
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.
TMCn is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input clears TMCO, TMC1, and TMC7 to TMC12 to 00H.

Caution 16-bit timer register n starts operating when bits TMCn2 and TMCn3 are set to values other
than 0, 0 (operation stop mode). To stop the operation, set bits TMCn2 and TMCn3 to 0, 0.
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After reset: 00H R/W

Address: TMCO: FFFFF208H
TMC8: FFFFF398H
TMC11: FFFFFOESH

TMC1: FFFFF218H
TMC9: FFFFF3B8H
TMC12: FFFFFOF8H

TMC7: FFFFF3A8H
TMC10: FFFFFOD8H

7 6 5 4 3 2 1 <0>
TMCn | 0 ‘ 0 ‘ 0 | 0 | TMCn3 ‘ TMCn2 | TMCn1 | OVFn |
(n=0,1,7t012)
TMCn3 TMCn2 TMCn1 Selects operation mode Selects TOn output Generation of interrupt
and clear mode timing
0 0 0 Operation stops (TMn is | Not affected Does not generate
0 0 1 cleared to 0)
0 1 0 Free-running mode Match between TMn and | Generates on match
CRnNO or match between | between TMn and CRnO
TMn and CRn1 and match between TMn
0 1 1 Match between TMn and and CRn1
CRnO, 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
CRnO0, 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
CRnO0, match between
TMn and CRn1, or valid
edge of TInO
OVFn Detection of overflow of 16-bit timer register n
0 Does not overflow
1 Overflows
Cautions 1. When a bit other than the OVFn flag is written, be sure to stop the timer operation.

2. The valid edge of the TIn0 pin is set using prescaler mode register n0 (PRMn0).

3. When a mode in which the timer is cleared and started on a match between TMn and CRn0
is selected, the OVFn flag is set to 1 when the count value of TMn changes from FFFFH to
0000H with CRnO set to FFFFH.

4. Always set bits 7 to 4 to 0.

Remark TOn: Output pin of timer n
TInO:  Input pin of timer n
TMn:  16-bit timer register n
CRn0: Compare register n0
CRn1: Compare register n1
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(2) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)
CRCn controls the operation of capture/compare register n (CRn0 and CRn1).
CRChn is set by an 8-bit or 1-bit memory manipulation instruction.

RESET input clears CRCO, CRC1, and CRC7 to CRC12 to O0H.

After reset: 00H R/W Address: CRCO: FFFFF20AH CRC1: FFFFF21AH CRC7: FFFFF3AAH
CRC8: FFFFF39AH CRC9: FFFFF3BAH CRC10: FFFFFODAH
CRC11: FFFFFOEAH CRC12: FFFFFOFAH

7 6 5 4 3 2 1 0
CRCn 0 0 0 0 0 CRCn2 CRCn1 CRCnO
(n=0,1,7t012)
CRCn2 Selects operation mode of CRn1
0 Operates as compare register
1 Operates as capture register
CRCn1 Selects capture trigger of CRnO
0 Captured at valid edge of TIn1
1 Captured in reverse phase of valid edge of TIn0O
CRCnO Selects 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
CRnO 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.

4. For the capture trigger, a pulse longer than twice the count clock selected by prescaler
mode registers On, 1n (PRMOn, PRM1n) is required for the signals from TIn0 and T2n1 to
perform the capture operation correctly.

5. Always set bits 7 to 3 to 0.

(3) 16-bit timer output control registers 0, 1, 7 to 12 (TOCO0, TOC1, TOC7 to TOC12)
TOCn controls the operation of the timer n output controller by setting or resetting the R-S flip-flop (LVO),
enabling or disabling reverse output, enabling or disabling output of timer n, enabling or disabling one-shot pulse
output operation, and selecting an output trigger for a one-shot pulse by software.
TOCn is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input clears TOCO, TOC1, and TOC7 to TOC12 to O0H.
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After reset: 0OH R/W

TOCn

(n=0,

Address: TOCO: FFFFF20CH TOC1: FFFFF21CH TOC7: FFFFF3ACH
TOC8: FFFFF39CH TOC9: FFFFF3BCH TOC10: FFFFFODCH

TOC11: FFFFFOECH TOC12: FFFFFOFCH

7 <6> <5> 4 <3> <2> 1 <0>
0 OSPTn OSPEN TOCn4 LVSn LVRn TOCn1 TOEn
1,7t012)

OSPTn Controls output trigger of one-shot pulse by software
0 No one-shot pulse trigger
1 Uses one-shot pulse trigger

OSPENn Controls one-shot pulse output operation
0 Successive pulse output
1 One-shot pulse output™*

TOCn4 Controls timer output F/F on match between CRn1 and TMn
0 Disables reverse timer output F/F
1 Enables reverse timer output F/F

LVSn LVRn Sets status of timer output F/F of timer n
0 0 Not affected
0 1 Resets timer output F/F (0)
1 0 Sets timer output F/F (1)
1 1 Setting prohibited

TOCn1 Controls timer output F/F on match between CRn0 and TMn or valid edge of TInO
0 Disables reverse timer output F/F
1 Enables reverse timer output F/F

TOEN Controls output of timer n
0 Disables output (output is fixed to O level)
1 Enables output

Note The one-shot pulse output operates only in the free-running mode and in the clear & start mode entered
upon the TInO valid edge.

Cautions 1.
2,
3.
4.

Before setting TOCn, be sure to stop the timer operation.
LVSn and LVRn are 0 when read after data has been set to them.

OSPTn is 0 when read because it is automatically cleared after data has been set.

Do not set OSPTn (1) for other than one-shot pulse output.
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(4) Prescaler mode registers 00, 01 (PRM00, PRMO1)
PRMOn selects the count clock of the 16-bit timer (TMO) and the valid edges of the TI00 and TI0O1 inputs. PRMO0O
and PRMO1 are set by an 8-bit memory manipulation instruction.
RESET input clears PRM00 and PRMO1 to O0H.

After reset: 00H R/W Address: FFFFF20EH
7 6 5 4 3 2 1 0
PRMO1 0 0 0 0 0 0 0 PRMO02
After reset: 0OH R/W Address: FFFFF206H
7 6 5 4 3 2 1 0
PRMO00 ES011 ES010 ES001 ES000 0 0 PRMO1 PRMO00
ES011 ES010 Selects valid edge of TI01
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
ES001 ES000 Selects valid edge of TI00
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
PRMO02 PRMO1 PRMO00O Count clock selection
Count clock fxx
20 MHz |(18.87 MHz| 16 MHz
0 0 0 fxx/2 100 ns 0.5ns 125 ns
0 0 1 fxx/16 800 ns 848 us 1us
0 1 0 INTWTNI - - -
0 1 1 TI00 valid edge™™ - - -
1 0 0 fxx/4 200 ns 212 ns 250 ns
1 0 1 fxx/64 3.2 us 3.4 us 4 us
1 1 0 fxx/256 12.8 us 13.6 us 16 us
1 1 1 Setting prohibited - - -

Note A pulse longer than twice the internal clock (fxx/2) is required for an external clock.
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Cautions 1.

When selecting the valid edge of TI0OO as the count clock, do not specify the valid edge of
TIOO to clear and start the timer and as a capture trigger.

Before setting data to PRM00 and PRMO01, always stop the timer operation.

If the 16-bit timer (TMO) operation is enabled by specifying the rising edge or both edges as
the valid edge of the TI0OO pin while the TIOO or TIO1 pin is high level immediately after
system reset, the rising edge is detected immediately after the rising edge or both edges is
specified. Care is therefore needed when pulling up the TIOO or TIO1 pin. However, the
rising edge is not detected when operation is enabled after it has been stopped.
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(5) Prescaler mode registers 10, 11, 70, 71 (PRM10, PRM11, PRM70, PRM71)
PRM1n selects the count clock of the 16-bit timer (TM1, TM7) and the valid edge of the TInO and TIn1 inputs.
PRMnO and PRMn1 are set by an 8-bit memory manipulation instruction (n =1, 7).
RESET input clears PRMn0 and PRMn1 to O0H.

After reset: 00H R/W Address: FFFFF21EH, FFFFF3AEH
7 6 5 4 3 2 1 0
PRMn1 0 0 0 0 0 0 0 PRMn2
(n=1,7)
After reset: 0O0H R/W Address: FFFFF216H, FFFFF3A6H
7 6 5 4 3 2 1 0
PRMnO ESn11 ESn10 ESnO1 ESn00 0 0 PRMn1 PRMn0O
(n=1,7)
ESn11 ESn10 Selects valid edge of TIn1
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
ESnO1 ESn00 Selects valid edge of TInO
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
PRMn2 PRMn1 PRMnO Count clock selection
Count clock fxx
20 MHz |(18.87 MHz| 16 MHz
0 0 0 fxx/2 100 ns 105 ns 125 ns
0 0 1 fxx/4 200 ns 212ns 250 ns
0 1 0 fxx/16 800 ns 848 ns 1us
0 1 1 TInO valid edge™™* - - -
1 0 0 fxx/32 1.6 us 1.7 us 2 us
1 0 1 fxx/128 6.4 s 6.8 s 8 us
1 1 0 fxx/256 12.8 us 13.6 us 16 us
1 1 1 Setting prohibited - - -

Note A pulse longer than twice the internal clock (fxx/2) is required for an external clock.

266 User’'s Manual U15109EJ3VOUD



CHAPTER 8 TIMER/COUNTER FUNCTION

Cautions 1. When selecting the valid edge of TIn0 as the count clock, do not specify the valid edge of
TInO to clear and start the timer and as a capture trigger.

2. Before setting data to PRMn0 and PRMn1, always stop the timer operation.

3. If the 16-bit timer (TM1, TM7) operation is enabled by specifying the rising edge or both
edges as the valid edge of the TInO or TIn1 pin while the TIn0 or TIin1 pin is high level
immediately after system reset, the rising edge is detected immediately after the rising edge
or both edges is specified. Care is therefore needed when pulling up the TIn0 or TIin1 pin.
However, the rising edge is not detected when operation is enabled after it has been
stopped (n=1,7).
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(6) Prescaler mode registers 80, 81, 100, 101, 120, 121 (PRM80, PRM81, PRM100, PRM101, PRM120, PRM121)
PRM1n selects the count clock of the 16-bit timer (TM8, TM10, TM12) and the valid edge of the TInO and Tin1
inputs. PRMn0 and PRMn1 are set by an 8-bit memory manipulation instruction (n = 8, 10, 12).

RESET input clears PRMnO and PRMn1 to O0H.

After reset: 00H R/W Address: FFFFF39EH, FFFFFODEH, FFFFFOFEH
7 6 5 4 3 2 1 0
PRMn1 0 0 0 0 0 0 0 PRMn2
(n=8,10, 12)
After reset: 0O0H R/W Address: FFFFF396H, FFFFFOD6H, FFFFFOF6H
7 6 5 4 3 2 1 0
PRMnO ESn11 ESn10 ESnO1 ESn00 0 0 PRMn1 PRMn0O
(n=8,10, 12)
ESn11 ESn10 Selects valid edge of TIn1
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
ESnO1 ESn00 Selects valid edge of TInO
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
PRMn2 PRMn1 PRMnO Count clock selection
Count clock fxx
20 MHz |(18.87 MHz| 16 MHz
0 0 0 fxx/2 100 ns 105 ns 125 ns
0 0 1 fxx/4 400 ns 424 ns 250 ns
0 1 0 fxx/16 800 ns 848 ns 1us
0 1 1 TInO valid edge™™* - - -
1 0 0 fxx/32 1.6 us 1.7 us 2 us
1 0 1 fxx/128 6.4 s 6.8 s 8 us
1 1 0 fxx/256 12.8 us 13.6 us 16 us
1 1 1 Setting prohibited - - -

Note A pulse longer than twice the internal clock (fxx/2) is required for an external clock.
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Cautions 1.

When selecting the valid edge of TIn0 as the count clock, do not specify the valid edge of
TInO to clear and start the timer and as a capture trigger.

Before setting data to PRMn0 and PRMn1, always stop the timer operation.

If the 16-bit timer (TM8, TM10, TM12) operation is enabled by specifying the rising edge or
both edges for the valid edge of the TIn0 or Tin1 pin while the TIn0 or TIn1 pin is high level
immediately after system reset, the rising edge is detected immediately after the rising edge
or both edges is specified. Be careful when pulling up the TIn0 or TIn1 pin. However, the
rising edge is not detected when operation is enabled after it has been stopped (n = 8, 10,
12).
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(7) Prescaler mode registers 90, 91, 110, 111 (PRM90, PRM91, PRM110, PRM111)
PRM1n selects the count clock of the 16-bit timer (TM9, TM11) and the valid edge of the TIn0 and TIn1 inputs.
PRMnO and PRMn1 are set by an 8-bit memory manipulation instruction (n =9, 11).
RESET input clears PRMnO and PRMn1 to O0H.

After reset: 00H R/W Address: FFFFF3BEH, FFFFFOEEH
7 6 5 4 3 2 1 0
PRMn1 0 0 0 0 0 0 0 PRMn2
(n=9,11)
After reset: 00H R/W Address: FFFFF3B6H, FFFFFOE6GH
7 6 5 4 3 2 1 0
PRMnO ESn11 ESn10 ESnO1 ESn00 0 0 PRMn1 PRMn0O
(n=9,11)
ESn11 ESn10 Selects valid edge of TIn1
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
ESnO1 ESn00 Selects valid edge of TInO
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
PRMn2 PRMn1 PRMnO Count clock selection
Count clock fxx
20 MHz |(18.87 MHz| 16 MHz
0 0 0 fxx/4 200 ns 212ns 250 ns
0 0 1 fxx/8 400 ns 424 ns 500 ns
0 1 0 fxx/32 1.6 us 1.7 us 2us
0 1 1 TInO valid edge™™* - - -
1 0 0 fxx/64 3.2us 3.4 us 4 us
1 0 1 fxx/128 6.4 s 6.8 s 8 us
1 1 0 fxx/512 256us | 271us | 32us
1 1 1 Setting prohibited - - -

Note A pulse longer than twice the internal clock (fxx/2) is required for an external clock.
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Cautions 1.

When selecting the valid edge of TIn0 as the count clock, do not specify the valid edge of
TInO to clear and start the timer and as a capture trigger.

Before setting data to PRMn0 and PRMn1, always stop the timer operation.

If the 16-bit timer (TM9, TM11) operation is enabled by specifying the rising edge or both
edges for the valid edge of the TIn0 or Tin1 pin while the TIn0 or Tin1 pin is high level
immediately after system reset, the rising edge is detected immediately after the rising edge
or both edges is specified. Be careful when pulling up the TIn0 or TIn1 pin. However, the
rising edge is not detected when operation is enabled after it has been stopped (n =9, 11).
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8.2 16-Bit Timer (TMO, TM1, TM7 to TM12) Operation

8.2.1 Operation as interval timer

TMn operates as an interval timer when 16-bit timer mode control register n (TMCn) and capture/compare control
register n (CRCn) are set as shown in Figure 8-2 (n =0, 1).

In this case, TMn repeatedly generates an interrupt at the time interval specified by the count value preset to 16-
bit capture/compare register n0 (CRn0).

When the count value of TMn matches the set value of CRn0, the value of TMn is cleared to 0, and the timer
continues counting. At the same time, an interrupt request signal (INTTMnO) is generated.

The count clock of the 16-bit timer/event counter can be selected by bits 0 and 1 (PRMn0 and PRMn1) of
prescaler mode register nO (PRMn0) and by bits 0 (PRMn2) of prescaler mode register n1 (PRMn1).

Remark n=0,1,7to12
Figure 8-2. Control Register Settings When TMn Operates as Interval Timer
(a) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12)

TMCn3 TMCn2 TMCn1 OVFn

TMCn 0 0 0 0 1 1 0/1 0

\_’_I

Clears and starts on
match between TMn
and CRnO.

(b) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)

CRCn2 CRCn1 CRCnO

CRCn 0 0 0 0 0 0/1 0/1 0

L CRn0 as compare
register

Remark 0/1: When these bits are reset to 0 or set to 1, other functions can be used along with the interval timer
function. For details, refer to 8.1.4 (1) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO,
TMC1, TMC7 to TMC12) and (2) Capture/compare control registers 0, 1, 7 to 12 (CRCO,
CRC1, CRC7 to CRC12).
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Figure 8-3. Configuration of Interval Timer

16-bit capture/compare

register n0 (CRnO)
» INTTMnO
Count clock"™"* ——»
Selector 16-bit timer register n (TMn) OVFn
Tinoo—| _ Nose
eliminator
x Clear circuit
fxx/2
Note The count clock is set by the PRMn0O and PRMn1 registers.
Remarks 1. “ ©—— " indicates the signal that can be directly connected to ports.

2. n=0,1,7t012

TMn count value

Figure 8-4. Timing of Interval Timer Operation

000oH f o001+ :’:‘ L N
R

IXAOOOOHXOOMHX :::: L N

Xoooor fooor} . k' N
IA Rl

A
Count start Cllear CIIear
CRnO N N K N . N
INTTMnO p « p
R A )T A Rl
Interrupt Interrupt

acknowledgement acknowledgement

Ton L( . L
- - -

Interval time

Interval time

Remarks 1. Intervaltime=(N+ 1) xt: N=0001H to FFFFH
2. n=0,1,7to 12
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8.2.2 PPG output operation

TMn can be used for PPG (Programmable Pulse Generator) output by setting 16-bit timer mode control register n
(TMCn) and capture/compare control register n (CRCn) as shown in Figure 8-5.

The PPG output function outputs a square-wave from the TOn pin with a cycle specified by the count value preset
to 16-bit capture/compare register n0 (CRn0) and a pulse width specified by the count value preset to 16-bit
capture/compare register n1 (CRn1).

Remark n=0,1,7to 12
Figure 8-5. Control Register Settings in PPG Output Operation
(a) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12)
TMCn3 TMCn2 TMCn1 OVFn

m™en | o | o | o | o | 1+ | 1 [ o | o |
| |

Clears and starts on
match between TMn
and CRnO.

(b) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)

CRCn2 CRCni  CRCnO
cRen | o | o | o | o | o | o | x | o

| x : don’t care

CRnNO0 as compare
register

CRn1 as compare
register

(c) 16-bit timer output control registers 0, 1, 7 to 12 (TOCO0, TOC1, TOC7 to TOC12)

OSPTn OSPEN TOCn4 LVSn LVRn TOCn1 TOEn
toecn | o | o | o [ 1 | ot | on [ 1 | 1 |
L L

Enables TOn output.

Inverts output on match
between TMn and
CRnO.

Specifies initial value of
TOn output F/F.

Inverts output on match
between TMn and
CRn1.

Disables one-shot pulse
output.

Cautions 1. Make sure that CRn0 and CRn1 are set to 0000H < CRn1 < CRn0 < FFFFH.
2. PPG output sets the pulse cycle to (CRnO setup value + 1).
The duty ratio is (CRn1 setup value + 1)/(CRn0 setup value + 1).

Remark n=0,1,7t0 12
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Figure 8-6. Configuration of PPG Output

16-bit capture/compare
register n0 (CRnO)

fxx/2 ‘ ‘

S
Count clockNete 9 16-bit timer register n (TMn) Clear
< circuit
(D —
Tinoo~] MNoise | _| 2
eliminator g
c
ﬁ 8 —Ton
5
[oN
5
(@]

16-bit capture/compare
register n1 (CRn1)

Note The count clock is set by the PRMn0O and PRMn1 registers.

Remarks 1. “ ©—— ” indicates a signal that can be directly connected to ports.
2. n=0,1,7to 12

Figure 8-7. PPG Output Operation Timing

1 t 1
1 1
1 1

Countclock||||||||||||||||||||||

TMn count value  YoooorYoootH{ || X m-1 ) m X VXN X N‘AXOOOOHX0001HX

1
Count starts ! Clear
N |

N )

|

Value loaded to CRn1 \\ M \\
((
)

Value loaded to CRn0O

L

1
Pulse width: Mxt
1

TOn X
1

1cycle: Nxt

Remarks 1. 0000H <M < N < FFFFH
2. n=0,1,7t012
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8.2.3 Pulse width measurement

16-bit timer register n (TMn) can be used to measure the pulse widths of the signals input to the TInO and Tin1
pins.

Measurement can be carried out with TMn used as a free-running counter or by restarting the timer in
synchronization with the edge of the signal input to the TInO pin.

(1) Pulse width measurement with free-running counter and one capture register
If the edge specified by prescaler mode register n0 (PRMnO) is input to the TInO pin when 16-bit timer register n
(TMn) is used as a free-running counter (refer to Figure 8-8), the value of TMn is loaded to 16-bit
capture/compare register n1 (CRn1), and an external interrupt request signal (INTTMn1) is set.
The edge is specified using bits 6 and 7 (ESn10 and ESn11) of prescaler mode register n0 (PRMn0). The rising,
falling, or both rising and falling edges can be selected.
The valid edge is detected through sampling at a count clock cycle selected by prescaler mode registers nO and
n1 (PRMnO, PRMn1), and the capture operation is not performed until the valid level is detected two times,
eliminating noise with a short pulse width.

Figure 8-8. Control Register Settings for Pulse Width Measurement with
Free-Running Counter and One Capture Register

(a) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO0, TMC1, TMC7 to TMC12)

TMCn3 TMCn2 TMCn1 OVFn

TMCn 0 0 0 0 0 1 0/1 0

L'_l

(b) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)

Free-running mode

CRCn2 CRCn1 CRCnO

CRCn 0 0 0 0 0 1 0/1 0

CRnNO0 as compare
register

CRn1 as capture
register

Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used along with the pulse
width measurement function. For details, refer to 8.1.4 (1) 16-bit timer mode control
registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12) and (2) Capture/compare control
registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12).

2. n=0,1,7t012
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Figure 8-9. Configuration for Pulse Width Measurement with Free-Running Counter

Count clock™* ™ Selector 16-bit timer register n (TMn) ~ [——® OVFn

16-bit capture/compare register n1

Tin0 © (CRn1)
T » INTTMn1
8 Internal bus 8

Note The count clock is set by the PRMn0 and PRMn1 registers.

Remarks 1. “ ©—— ” indicates a signal that can be directly connected to ports.
2. n=0,1,7t012

Figure 8-10. Timing of Pulse Width Measurement with Free-Running Counter and
One Capture Register (with Both Edges Specified)

Count clock HT L w L T L T

TMn count 5 % ) % 5
value XOOOOHXOOO1HX . X DO XDO+ 1X . X D1 XD1 + 1X . XFFFFH OOOOHX N X D2 X N X D3 X
17 2 T 7 7T
TInO pin A 4w—|_
input i "—l i5 i
Value loaded 5% % 5 % 0
to CRn1 “§ bo q o1 « “ b2 Iq D3
INTTM1 5 ) [ — 5 ) L
5 %
OVFn
‘l(l (I(J ‘I(l
B B e——
(D1-D0) x t (10000H - D1 + D2) x t (D3 -D2)x t

Remark n=0,1,7t0o12
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(2) Measurement of two pulse widths with free-running counter
The pulse widths of the two signals respectively input to the TInO and Tin1 pins can be measured when 16-bit
timer register n (TMn) is used as a free-running counter (refer to Figure 8-11).
When the edge specified by bits 4 and 5 (ESn00 and ESn01) of prescaler mode register n0 (PRMnO0) is input to
the TInO pin, the value of TMn is loaded to 16-bit capture/compare register n1 (CRn1) and an external interrupt
request signal (INTTMn1) is set.
When the edge specified by bits 6 and 7 (ESn10 and ESn11) of PRMnO is input to the TIn1 pin, the value of TMn
is loaded to 16-bit capture/compare register n0 (CRn0), and an external interrupt request signal (INTTMnO) is
set.
The edges of the TIn0 and TIn1 pins are specified by bits 4 and 5 (ESn00 and ESn01) and bits 6 and 7 (ESn10
and ESn11) of PRMnO, respectively. The rising, falling, or both rising and falling edges can be specified.
The valid edge is detected through sampling at a count clock cycle selected by prescaler mode registers n0 and
n1 (PRMnO, PRMn1), and the capture operation is not performed until the valid level is detected two times,
eliminating noise with a short pulse width.

Remark n=0,1,7to12

Figure 8-11. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter

(a) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO0, TMC1, TMC7 to TMC12)

TMCn3 TMCn2 TMCn1 OVFn

TMCn 0 0 0 0 0 1 0/1 0

=

(b) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)

Free-running mode

CRCn2 CRCn1 CRCnO

CRCn 0 0 0 0 0 1 0 1

CRnNO as capture
register

Captures valid edge of
TIn1 pin to CRnO.

CRn1 as capture
register

Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used along with the pulse
width measurement function. For details, refer to 8.1.4 (1) 16-bit timer mode control
registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12) and (2) Capture/compare control
registers 0, 1, 7 to 12 (CRCO0, CRC1, CRC7 to CRC12).

2. n=0,1,7t0 12

278 User’'s Manual U15109EJ3VOUD



CHAPTER 8 TIMER/COUNTER FUNCTION

e Capture operation (free-running mode)

The following figure illustrates the operation of the capture register when the capture trigger is input.

Figure 8-12. CRn1 Capture Operation with Rising Edge Specified

Count clock _l [ [

™n )

TInO

Rising edge

detection

CRn1

INTTMn1

Remark n=0,1,7t012

Figure 8-13. Timing of Pulse Width Measurement with Free-Running Counter (with Both Edges Specified)

Count clock

TMn count
value

TInO pin
input

Value loaded
to CRn1

INTTMn1

TIn1 pin input

Value loaded
to CRn0O

INTTMnO

OVFn

XOOOOHX0001HX ¢ XDO XDO+‘X « D1 XD1 + FFFF OOOOHX ¢ DZ XDQ+1X|:)2+ « X D3
Wy
)"-l | 4
—s { {( | |
) )
(¢ L L (4 I
) ) )7 1) )
DO D1 D2
L L L L L
P ) ) ) )
L I | I I I I (4 L
) ) )7 1) )
(¢ L
| ) )
LC L L
) ) )
(¢ (¢ L I I
) ) 1) 1) )
D1 D2+1
L I L (4 I
) ) )7 1) )
L L | | L (4 | | I
) ) 7 ) )
U L
1) )

I

T

[ ]

[ ]

Remark n=0,1,7t012

(D1 - DO) x t

-

(10000H — D1 + D2) x t

[y

(10000H — D1 + (D2 + 1) x t
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3)

TMCn 0 0 0 0 0 1 0/1 0

CRCn 0 0 0 0 0 1 1 1

280

Pulse width measurement with free-running counter and two capture registers

When 16-bit timer register n (TMn) is used as a free-running counter (refer to Figure 8-14), the pulse width of the
signal input to the TInO pin can be measured.

When the edge specified by bits 4 and 5 (ESn00 and ESn01) of prescaler mode register n0 (PRMnO0) is input to
the TInO pin, the value of TMn is loaded to 16-bit capture/compare register n1 (CRn1), and an external interrupt
request signal (INTTMn1) is set.

The value of TMn is also loaded to 16-bit capture/compare register n0 (CRn0) when an edge that is the reverse
of the one that triggers capturing to CRn1 is input.

The edge of the TInO pin is specified by bits 4 and 5 (ESn00 and ESn01) of prescaler mode register n (PRMn0).
The rising or falling edge can be specified.

The valid edge of TInO is detected through sampling at a count clock cycle selected by prescaler mode registers
n0 and n1 (PRMnO, PRMn1), and the capture operation is not performed until the valid level is detected two
times, eliminating noise with a short pulse width.

Caution If the valid edge of the TIn0 pin is specified to be both the rising and falling edges,
capture/compare register n0 (CRn0) cannot perform a capture operation.

Remark n=0,1,7to12

Figure 8-14. Control Register Settings for Pulse Width Measurement
with Free-Running Counter and Two Capture Registers

(a) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12)

TMCn3 TMCn2 TMCn1 OVFn

N

(b) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)

Free-running mode

CRCn2 CRCn1 CRCnO

CRNO as capture
register

Captures to CRnO at
edge reverse to valid
edge of TInO pin.

CRn1 as capture
register

Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used along with the pulse
width measurement function. For details, refer to 8.1.4 (1) 16-bit timer mode control
registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12) and (2) Capture/compare control
registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12).

2. n=0,1,7to12
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(4)

Figure 8-15. Timing of Pulse Width Measurement with Free-Running Counter and
Two Capture Registers (with Rising Edge Specified)

t
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Remark n=0,1,7to12

[
(D1 - DO) x t

Pulse width measurement by restarting
When the valid edge of the TInO pin is detected, the pulse width of the signal input to the TInO pin can be
measured by clearing 16-bit timer register n (TMn) once and then resuming counting after loading the count

I
1

)

(10000H — D1 + D2) x t

value of TMn to 16-bit capture/compare register n1 (CRn1) (see Figure 8-17).
The edge is specified by bits 4 and 5 (ESn00 and ESn01) of prescaler mode register n0 (PRMn0). The rising or

falling edge can be specified.

e ———— |
(D3 - D2) x t

The valid edge is detected through sampling at a count clock cycle selected by prescaler mode registers n0 and
n1 (PRMn0O, PRMn1) and the capture operation is not performed until the valid level is detected two times,

eliminating noise with a short pulse width

Caution If the valid edge of the TInO pin is specified to be both the rising and falling edges,
capture/compare register n0 (CRn0) cannot perform a capture operation.

Remark n=0,1,7t0 12
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Figure 8-16. Control Register Settings for Pulse Width Measurement by Restarting
(a) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO0, TMC1, TMC7 to TMC12)

TMCn3 TMCn2 TMCn1 OVFn

TMCn 0 0 0 0 1 0 0/1 0

Clears and starts at

valid edge of TInO pin.

(b) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)

CRCn2 CRCn1 CRCnO

CRCn 0 0 0 0 0 1 1 1

CRnO as capture
register

Captures to CRnO at
edge reverse to valid
edge of TInO.

CRn1 as capture
register

Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used along with the pulse
width measurement function. For details, refer to 8.1.4 (1) 16-bit timer mode control
registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12) and (2) Capture/compare control
registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12).

2. n=0,1,7t012

Figure 8-17. Timing of Pulse Width Measurement by Restarting (with Rising Edge Specified)

t

Count clock ‘ | ‘ | I

TMn count value  XooooHXo001HX . X Do XooooHXo0o1H) X D1 X X D2 XooooHXooo1HX

)T

TInO pin input ‘J |_%_ J |

Value loaded to CRn1 DO . ) D2
Value loaded to CRnO ‘ : ‘ D1 : ‘ )
INTTMn1 . |_| . " I—l
(D1+1) xt
(D2+1) x t

Remark n=0,1,7t012

282 User’'s Manual U15109EJ3VOUD



CHAPTER 8 TIMER/COUNTER FUNCTION

8.2.4 Operation as external event counter

TMn can be used as an external event counter that counts the number of clock pulses input to the TInO pin from
an external source by using 16-bit timer register n (TMn).

Each time the valid edge specified by prescaler mode register n0 (PRMn0) is input, TMn is incremented.

When the count value of TMn matches the value of 16-bit capture/compare register n0 (CRn0), TMn is cleared to
0, and an interrupt request signal (INTTMnO) is generated.

The edge is specified by bits 4 and 5 (ESn00 and ESn01) of prescaler mode register n0O (PRMn0). The rising,
falling, or both rising and falling edges can be specified.

The valid edge is detected through sampling at a count clock cycle of fxx/2, and the capture operation is not
performed until the valid level is detected two times, eliminating noise with a short pulse width.

Remark n=0,1,7to 12
Figure 8-18. Control Register Settings in External Event Counter Mode
(a) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12)

TMCn3 TMCn2 TMCn1 OVFn

TMCn 0 0 0 0 1 1 0/1 0

L'_l

Clears and starts on
match between TMn
and CRnO.

(b) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)

CRCn2 CRCn1 CRCnO

CRCn 0 0 0 0 0 0/1 0/1 0

L CRnO as compare
register
Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used along with the external
event counter function. For details, refer to 8.1.4 (1) 16-bit timer mode control registers 0,
1,7 to 12 (TMCO, TMC1, TMC7 to TMC12) and (2) Capture/compare control registers 0, 1,
7 to 12 (CRCO0, CRC1, CRC7 to CRC12).
2. n=0,1,7t012
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Count clock™*® —»

fxx/2 —p]

Valid edge of TIn0 ©

Figure 8-19. Configuration of External Event Counter

P

16-bit capture/compare
register n (CRn0)

Match

Noise eliminator

T T l Clear

Selectorf—p 16-bit timer/counter n (TMn)

OVFn

U

.

16-bit capture/compare

register n1 (CRn1)

8 Internal bus

Note The count clock is set by the PRMn0 and PRMn1 registers.

Remarks 1.

2. n=0,1,7to12

Figure 8-20. Timing of External Event Counter Operation (with Rising Edge Specified)

“ ©—— ” indicates a signal that can be directly connected to ports.

TInOpininputI||||||||||||

TMn count value  f0000HY 0001HY0002H{0003H{0004H}0005HY K

CRnO

INTTMnO

Caution Read TMn when reading the count value of the external event counter.

» INTTMnO

YN -1 N YooooH)ooo1HYooo2HYooosHY

N )

I

)

I

Remark n=0,1,7to12

)
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8.2.5 Operation as square-wave output

TMn can be used to output a square-wave with any frequency at an interval specified by the count value preset to
16-bit capture/compare register n0 (CRnO0).

By setting bits 0 (TOENn) and 1 (TOCn1) of 16-bit timer output control register n (TOCn) to 1, the output status of
the TOn pin is inverted at an interval specified by the count value preset to CRn1. In this way, a square wave with
any frequency can be output.

Remark n=0,1,7to12
Figure 8-21. Control Register Settings in Square-Wave Output Mode
(a) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12)

TMCn3 TMCn2 TMCn1 OVFn

TMCn 0 0 0 0 1 1 0 0

L

Clears and starts on
match between TMn
and CRnO.

(b) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)

CRCn2 CRCn1 CRCnO

CRCn 0 0 0 0 0 0/1 0/1 1

CRnNO as compare

register

(c) 16-bit timer output control registers 0, 1, 7 to 12 (TOCO0, TOC1, TOC7 to TOC12)

OSPTn OSPEn TOCn4 LVSn LVRn TOCn1 TOEn

TOCn 0 0 0 0 0/1 0/1 1 1

L L

Enables TOn output.

Inverts output on match
between TMn and
CRnO.

Specifies initial value of
TOn output F/F.

Does not invert output
on match between TMn
and CRn1.

Disables one-shot pulse
output.
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Remarks 1. 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with the
square-wave output function. For details, refer to 8.1.4 (1) 16-bit timer mode control
registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12) and (2) Capture/compare control
registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12).

2. n=0,1,7to 12

Figure 8-22. Timing of Square-Wave Output Operation

Countclock!llllll<||||!||||||¢||||‘||

TMn count value  fooooH{ooo1Hfooo2Hf . XN - 1X N JYoooorfoootHfooozn) . XN - 1) N X ooooH
f’f’ f’f’ |
CRn0 N r’r’ r’r’
INTTMnO (« («

7 7
I

TOn pin output «

Remark n=0,1,7to12

8.2.6 Operation as one-shot pulse output

TMn can output a one-shot pulse in synchronization with a software trigger and an external trigger (TInO pin input).

(1) One-shot pulse output via software trigger

A one-shot pulse can be output from the TOn pin by setting 16-bit timer mode control register n (TMCn),
capture/compare control register n (CRCn), and 16-bit timer output control register n (TOCn) as shown in Figure
8-23, and by setting bit 6 (OSPTn) of TOCn by software.

By setting OSPTn to 1, the 16-bit timer/event counter is cleared and started, and its output is asserted active at
the count value (N) preset to 16-bit capture/compare register n1 (CRn1). After that, the output is deasserted
inactive at the count value (M) preset to 16-bit capture/compare register n0 (CRn0)"*.

Even after the one-shot pulse has been output, TMn continues its operation. To stop TMn, TMCn must be reset
to O0H.

Note This is an example when N < M. When N > M, the output becomes active at the CRn0 value and inactive
at the CRn1 value.

Caution Do not set OSPTn to 1 while the one-shot pulse is being output. To output the one-shot pulse
again, wait until the current one-shot pulse output ends.

Remark n=0,1,7t0 12

286 User’'s Manual U15109EJ3VOUD



CHAPTER 8 TIMER/COUNTER FUNCTION

Figure 8-23. Control Register Settings for One-Shot Pulse Output via Software Trigger

(a) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12)

TMCn3 TMCn2 TMCn1 OVFn

TMCn 0 0 0 0 0 1 0 0

I |

Free-running mode

(b) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)

CRCn2 CRCn1 CRCnO

CRCn 0 0 0 0 0 0 0/1 0

——— CRnO0 as compare
register

CRn1 as compare
register

(c) 16-bit timer output control registers 0, 1, 7 to 12 (TOCO0, TOC1, TOC7 to TOC12)

OSPTn OSPEn TOCn4 LVSn LVRn TOCn1 TOEn

TOCn 0 0 1 1 01 0/1 1 1

L

Enables TOn output.

Inverts output on match
between TMn and
CRnO.

Specifies initial value of
TOn output F/F.

Inverts output on match
between TMn and
CRn1.

Sets one-shot pulse
output mode.

Set to 1 for output.

Caution Do not set CRn0 and CRn1 to 0000H.

Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used along with the
square-wave output function. For details, refer to 8.1.4 (1) 16-bit timer mode control
registers 0, 1, 7 to 12 (TMCO0, TMC1, TMC7 to TMC12) and (2) Capture/compare control
registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12).

2. n=0,1,7to 12
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()

288

Figure 8-24. Timing of One-Shot Pulse Output Operation via Software Trigger

Sets OCH to TMCn
(TMn count starts)

Countclockllllll||!||||(||||!|5

TMn count OOOOHX0001HX'{) X~ X et X Joooor T Y-tk N ) T mot ) m fmerfme2)
Dl ) | ) |

value
CRn1 set 55 ) 55

value A 4 | A | 4 A | 4 T
CRnO set v 45 v 4 v ) v

value o a o

OSPTn

{ I I

R R R

INTTMn1

I I I
) )] ))

INTTMnO

I I I

N Dl P
TOn pin i

output o 4§

Caution 16-bit timer register n starts operating as soon as TMCn2 and TMCn3 are set to values other
than 0, 0 (operation stop mode).

Remark n=0,1,7to12
N<M

One-shot pulse output via external trigger

A one-shot pulse can be output from the TOn pin by setting 16-bit timer mode control register n (TMCn),
capture/compare control register n (CRCn), and 16-bit timer output control register n (TOCn) as shown in Figure
8-25, and by using the valid edge of the TIn0O pin as an external trigger.

The valid edge of the TInO pin is specified by bits 4 and 5 (ESn00 and ESn01) of prescaler mode register n0O
(PRMn0). The rising, falling, or both rising and falling edges can be specified.

When the valid edge of the TInO pin is detected, the 16-bit timer/event counter is cleared and started, and the
output is asserted active at the count value (N) preset to 16-bit capture/compare register n1 (CRn1).

After that, the output is deasserted inactive at the count value (M) preset to 16-bit capture/compare register nO
(CRnO)™™.

Note This is an example when N < M. When N > M, the output becomes active at the CRn0O value and inactive
at the CRn1 value.

Caution If the external trigger occurs while a one-shot pulse is being output, the 16-bit timer/counter
clears & starts and the one-shot pulse is output again.

Remark n=0,1,7to12
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Figure 8-25. Control Register Settings for One-Shot Pulse Output via External Trigger

(a) 16-bit timer mode control registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12)

TMCn3 TMCn2 TMCn1 OVFn

TMCn 0 0 0 0 1 0 0 0

Clears and starts at
valid edge of TInO pin.

(b) Capture/compare control registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12)

CRCn2 CRCn1 CRCnO

CRCn 0 0 0 0 0 0 0/1 0

CRnO as compare
register

CRn1 as compare
register

(c) 16-bit timer output control registers 0, 1, 7 to 12 (TOCO0, TOC1, TOC7 to TOC12)

OSPTn OSPEN TOCn4 LVSn LVRn TOCn1 TOEN

TOCn 0 0 1 1 01 0/1 1 1

L

Enables TOn output.

Inverts output on match
between TMn and
CRnO.

Specifies initial value of
TOnN output F/F.

Inverts output on match
between TMn and
CRn1.

Sets one-shot pulse
output mode.

Caution Do not set CRn0 and CRn1 to 0000H.

Remarks 1. 0/1: When these bits are reset to 0 or set to 1, other functions can be used along with the
square-wave output function. For details, refer to 8.1.4 (1) 16-bit timer mode control
registers 0, 1, 7 to 12 (TMCO, TMC1, TMC7 to TMC12) and (2) Capture/compare control
registers 0, 1, 7 to 12 (CRC0, CRC1, CRC7 to CRC12).

2. n=0,1,7to 12
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Figure 8-26. Timing of One-Shot Pulse Output Operation via External Trigger (with Rising Edge Specified)

Sets 08H to TMCn
(TMn count starts)

Count clock I | I | I I | I
TMnsZ:Juf: 0000H Y ooo1H Y :::‘ YWoooorf :‘:’ Y ~N In+1)fn+2) :j:j M-2m-1 )} M fm+1fm+2)
(e L

Value to set )} ) )
CRnt A — A | A" T

L L L
Value to set " :’. " :’: v ’,’, W
CRnO 7 ) )

TInO pin input I | « I

T T R

INTTMn1 B B .

INTTMnO B B .

£
R

TOn pin output « «
Rl 17

Caution 16-bit timer register n starts operating as soon as TMCn2 and TMCn3 are set to values other
than 0, 0 (operation stop mode).

Remark n=0,1,7t0 12
N>M
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8.2.7 Cautions
(1) Error on starting timer
An error of up to 1 clock occurs before the match signal is generated after the timer has been started. This is

because 16-bit timer register n (TMn) is started asynchronously to the count pulse.

Figure 8-27. Start Timing of 16-Bit Timer Register n

Count pulse _I | | | | | | | | |

TMn countvalue  0000H X 0001H X 0002H X 0003H X 0004H

Timer starts

Remark n=0,1,7t0 12

(2) 16-bit capture/compare register setting (in the clear & start mode entered on match between TMn and
CRnO)
Set 16-bit capture/compare registers n0 and n1 (CRnO, CRn1) to a value other than 0000H (a 1-pulse count
operation is disabled when these registers are used as event counters).

(3) Setting compare register during timer count operation
If the value to which the current value of 16-bit capture/compare register n0 (CRn0) has been changed is less
than the value of 16-bit timer register n (TMn), TMn continues counting, overflows, and starts counting again from
0.
If the new value of CRnO (M) is less than the old value (N), the timer must be reset and restarted after the value
of CRn0 has been changed.

Figure 8-28. Timing After Changing Compare Register During Timer Count Operation

Countpuse [ | [ | [ LI LT LT 1
L

CRn0O N X M

TMncountvalue X x-1 X X X XFFFFH X 0000H X 0001H X 0002H

Remarks 1. N>X>M
2. n=0,1,7t012
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4)

®)

(6)

292

Data hold timing of capture register

If the valid edge is input to the TInO pin while 16-bit capture/compare register n1 (CRn1) is being read, CRn1
performs the capture operation, but this capture value is not guaranteed. However, the interrupt request signal
(INTTMn1) is set as a result of detection of the valid edge.

Figure 8-29. Data Hold Timing of Capture Register

Countpulse [ | [ |_[ | ,_:_, Ll L [

TMn count value X N X N+1 X N+2 X X M X M+1 XM+2

I
1

Edge input | . |

1

INTTMn1 [] . []

1

. I |

)

I

CRn1 interrupt value X X ; N+1 X

I
1

Capture read signal

Capture operation Capture operation is performed
but it is not guaranteed.

Remark n=0,1,7t012

Setting valid edge

Before setting the valid edge of the TInO pin, stop the timer operation by resetting bits 2 and 3 (TMCn2 and
TMCn3) of 16-bit timer mode control register n to 0, 0. Set the valid edge by using bits 4 and 5 (ESn00 and
ESn01) of prescaler mode register n0 (PRMn0).

Remark n=0,1,7to12

Re-triggering one-shot pulse

(a) One-shot pulse output via software
When a one-shot pulse is being output, do not set OSPTn to 1. Do not output the one-shot pulse again until
the current one-shot pulse output ends.

(b) One-shot pulse output via external trigger
If the external trigger occurs while a one-shot pulse is being output, the 16-bit timer/event counter clears and
starts and the one-shot pulse is output again.

(c) On-shot pulse output function
When using a software trigger for one-shot pulse output of timers 0, 1, and 7 to 12, do not change the level
of the TInO pin or its alternate-function pin.
The reason for this is that the timer is inadvertently cleared and started at the level of the TInO pin pr its
alternate-function pin and pulses are output at an unintended timing because the external trigger is valid.

Remark n=0,1,7to12
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(7) Operation of OVFn flag

(a) OVFn flag set
The OVFn flag is set to 1 in the following case in addition to when TMn register overflows:

Selection of mode in which TMO is cleared and started on a match between TMn and CRnO.
\2

CRnO is set to FFFFH.
\2

When TMn is cleared from FFFFH to 0000H on a match with CRnO.

Figure 8-30. Operation Timing of OVFn Flag

Count pulse _, | | | | | | | |_

CRnO FFFFH

T™™n — XFFFEH X FFFFH Y 0000 X 0001H X

OVFn

INTTMnO [ ]

Remark n=0,1,7t0 12

(b) Clear OVFn flag
Even if the OVFn flag is cleared before the next count clock is counted (before TMn becomes 0001H) after
TMn has overflowed, the OVFn flag is set again and the clear becomes invalid.

Remark n=0,1,7t0 12
(8) Conflict operation

(a) If the read period and capture trigger input conflict
When 16-bit capture/compare registers n0 and n1 (CRnO, CRn1) are used as capture registers, if the read
period and capture trigger input conflict, the capture trigger has priority. The read data of CRn0O and CRn1 is
undefined.

(b) If the match timings of the write period and TMn conflict
When 16-bit capture/compare registers n0 and n1 (CRnO, CRn1) are used as capture registers, because
match detection cannot be performed correctly if the match timings of the write period and 16-bit timer

register n (TMn) conflict, do not write to CRn0 and CRn1 close to the match timing.

Remark n=0,1,7t0 12
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(9) Timer operation

(a)

(b)

(c)

CRn1 capture
Even if 16-bit timer register n (TMn) is read, a capture to 16-bit capture/compare register n1 (CRn1) is not
performed.

Acknowledgement of TIn0 and Tin1 pins
When the timer is stopped, input signals to the TIn0O and TIn1 pins are not acknowledged, regardless of the
CPU operation.

One-shot pulse output

The one-shot pulse output operates correctly only in free-running mode or in clear & start mode entered
upon the valid edge of the TInO pin. The one-shot pulse cannot be output in the clear & start mode entered
on a match of TMn and CRnO0 because an overflow does not occur.

Remark n=0,1,7to12

(10) Capture operation

(a)

(b)

(c)

(d)

If the valid edge of TInO is specified for the count clock
When the valid edge of TInO is specified for the count clock, the capture register with TInO specified as a
trigger will not operate correctly.

If both rising and falling edges are selected as valid edge of TIn0
If both rising and falling edges are selected as the valid edge of TInO, a capture operation is not performed.

To capture the signals correctly from TIn0 and Tin1
The capture trigger needs a pulse longer than twice the count clock selected by prescaler mode registers n0
and n1 (PRMn0, PRMn1) in order to correctly capture the signals from TIn1 and TInO.

Interrupt request input
Although a capture operation is performed at the falling edge of the count clock, interrupt request inputs

(INTTMnO, INTTMn1) are generated at the rising edge of the next count clock.

Remark n=0,1,7t012

(11) Compare operation

(a)

(b)

294

When rewriting CRn0 and CRn1 during timer operation

When rewriting 16-bit timer capture/compare registers n0 and n1 (CRnO, CRn1), if the value is close to or
larger than the timer value, the match interrupt request generation or clear operation may not be performed
correctly.

When CRn0 and CRn1 are set to compare mode
When CRn0 and CRn1 are set to compare mode, they do not perform a capture operation even if a capture
trigger is input.

Remark n=0,1,7to12
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(12) Edge detection

(a)

(b)

When the TInO or Tin1 pin is high level immediately after a system reset

When the TInO or TIn1 pin is high level immediately after a system reset, if the valid edge of the TInO or TIn1
pin is specified as the rising edge or both rising and falling edges, and the operation of 16-bit timer/counter n
(TMn) is then enabled, the rising edge will be detected immediately. Care is therefore needed when the TInO
or TIn1 pin is pulled up. However, when operation is enabled after being stopped, the rising or falling edge
is not detected.

Sampling clock for noise elimination

The sampling clock for noise elimination differs depending on whether the TIn0 valid edge is used as a count
clock or a capture trigger. The former is sampled by fxx/2, and the latter is sampled by the count clock
selected using prescaler mode registers n0 or n1 (PRMn0, PRMn1). Detecting the valid edge can eliminate
short pulse width noise because a capture operation is performed only after the valid edge is sampled and a
valid level is detected twice.

Remark n=0,1,7t0 12
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8.3 16-Bit Timer (TM5, TM6)

8.3.1 Functions
TM5 and TM6 have the following functions.

PWM output with 16-bit resolution

e |[nterval timer with 16-bit resolution

External event counter with 16-bit resolution
e Square-wave output with 16-bit resolution

Figure 8-31. Block Diagram of TM5 and TM6

8 Internal bus

{

16-bit compare

register n (CRn) INTTMn
Mask
# % Match p|Circuit| Ty Note 2
S
Tin ©—» - I Q
o setctorle] 1601 Tc'\?lunter OVF D—PlNV Selector, ®TOn
Count clock™* I:> n (TMn) R
y Clear —
‘ ° Q 4’ in\l;:rvsei:)n
R
oo

|Tc|_n3| |Tc|_ng |TC|_n1 |TCLn0| |TCEn0|TMCn06| 0 |LVSn0 |LVRn0 |TMCnO1| TOEnOl
Timer clock select register Timer mode control
n0, n1 (TCLnO, TCLn1) register n0 (TMCnO)
Internal bus

Notes 1. The count clock is set by the TCLn register.
2. Serial interface clock.

Remarks 1. “—©” is a signal that can be directly connected to ports.
2. n=5,6
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8.3.2 Configuration
Timer n includes the following hardware.

Table 8-5. Configuration of Timers 5 and 6

ltem Configuration
Timer registers 16-bit counters 5, 6 (TM5, TM6)
Registers 16-bit compare registers 5, 6 (CR5, CR6)
Timer outputs TO5, TO6
Control registers Timer clock select registers 50, 51, 60, and 61 (TCL50, TCL51, TCL60, and TCL61)
8-bit timer mode control registers 50 and 60 (TMC50, TMC60)

(1) 16-bit counters 5, 6 (TM5, TM6)
TMn is a 16-bit read-only register that counts the count pulses.
The counter is incremented in synchronization with the rising edge of the count clock.
When the count is read out during operation, the count clock input temporarily stops and the count is read at that
time. In the following cases, the count becomes 0000H.

(1) When RESET is input.
(2) When TCEn is cleared.
(3) When TMn and CRn match in the clear & start mode that is entered when TMn and CRn0O match.
Remark n=5,6
(2) 16-bit compare registers 5, 6 (CR5, CR6)
The value set in CRn is always compared to the count in 16-bit counter n (TMn). If the two values match, an

interrupt request (INTTMn) is generated (except in the PWM mode).

Remark n=5,6
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8.3.3 Timer n control registers
Timer n is controlled by the following registers.

e Timer clock select registers n0, n1 (TCLnO, TCLn1)
¢ 16-bit timer mode control register n (TMCn)

(1) Timer clock select registers 50, 51, 60, 61 (TCL50, TCL51, TCL60, TCL61)

These registers set the count clock of timer n.

TCLnO and TCLn1 are set by an 8-bit memory manipulation instruction.

RESET input sets these registers to 00H.

After reset: 00H R/W Address: FFFFF33EH

7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 0 0 TCL503
After reset: 00H R/W Address: FFFFF334H
7 6 5 4 3 2 1 0
TCL50 0 0 0 0 0 TCL502 TCL501 TCL500
TCL503 | TCL502 | TCL501 | TCL500 Count clock selection
Count clock fxx
20 MHz |18.87 MHz | 16 MHz
0 0 0 0 TI5 falling edge - - -
0 0 0 1 TI5 rising edge - - -
0 0 1 0 fxx/2 100 ns 105 ns 125 ns
0 0 1 1 fxx/4 200 ns 212 ns 250 ns
0 1 0 0 fxx/8 400 ns 424 ns 500 ns
0 1 0 1 fxx/16 800 ns 848 ns 1us
0 1 1 0 fxx/64 3.2 us 3.4 us 4 us
0 1 1 1 fxt (subclock) 30.5 us 30.5 us 30.5 us
1 0 0 0 Setting prohibited - - -
1 0 0 1 Setting prohibited - - -
1 0 1 0 fxx/32 1.6 us 1.7 us 2 us
1 0 1 1 fxx/128 6.4 us 6.8 us 8 us
1 1 0 0 Setting prohibited - - -
1 1 0 1 Setting prohibited - - -
1 1 1 0 Setting prohibited - - -
1 1 1 1 Setting prohibited - - -

Cautions 1. To overwrite TCL50 and TCL51 with different data, temporarily stop the timer first.
2. Always set bits 3 to 7 of TCL50 and bits 1 to 7 of TCL51 to 0.
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After reset: 00H

TCL61

After reset: O0H

TCL60

Cautions 1.

R/W Address: FFFFF28EH
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 TCL603
R/W Address: FFFFF284H
7 6 5 4 3 2 1 0
0 0 0 0 0 TCL602 TCL601 TCL600
TCL603 | TCL602 | TCL601 | TCL600 Count clock selection
Count clock fxx
20 MHz |18.87 MHz| 16 MHz

0 0 0 0 TI6 falling edge - - -
0 0 0 1 TI6 rising edge - - -
0 0 1 0 fxx/2 100 ns 105 ns 125 ns
0 0 1 1 fxx/4 200 ns 212 ns 250 ns
0 1 0 0 fxx/8 400 ns 424 ns 500 ns
0 1 0 1 fxx/16 800 ns 848 ns 1us
0 1 1 0 fxx/64 3.2us 3.4 us 4 us
0 1 1 1 fxx/256 12.8 us 13.6 us 16 us
1 0 0 0 Setting prohibited - - -
1 0 0 1 Setting prohibited - - -
1 0 1 0 fxx/32 1.6 us 1.7 us 2us
1 0 1 1 fxx/128 6.4 us 6.8 us 8 us
1 1 0 0 Setting prohibited - - -
1 1 0 1 Setting prohibited - - -
1 1 1 0 Setting prohibited - - -
1 1 1 1 TMO overflow signal - - -

2. Always set bits 3 to 7 of TCL60 and bits 1 to 7 of TCL61 to 0.
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(2) 16-bit timer mode control registers 50, 60 (TMC50, TMC60)
The TMCnO register makes the following five settings.

(1) Controls the counting by 16-bit counter n (TMn)

(2) Selects the operating mode of 16-bit counter n (TMn)

(3) Sets the state of the timer output flip-flop

(4) Controls the timer flip-flop or selects the active level in the PWM (free-running) mode
(5) Controls timer output

TMCnO is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets these registers to 04H (although the state of the hardware is initialized to 04H, 0O0H is readout

when reading).

Remark n=5,6
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After reset: 04H R/W Address: TMC50 FFFFF336H TMC60 FFFFF286H
<7> 6 5 4 <3> <2> 1 <0>
TMCnO TCENO TMCn06 0 0 LVSno LVRnO TMCnO1 TOENO
(n=5, 6)
TCENO TMn count operation control
0 Counting is disabled after the counter is cleared to O (prescaler disabled)
1 Start count operation
TMCn06 TMn operating mode selection
0 Clear & start mode entered when TMn and CRn match
1 PWM (free-running) mode
LVSn0 LVRnO Setting state of timer output flip-flop

0 0 Not change

0 1 Reset timer output flip-flop (0)

1 0 Set timer output flip-flop (1)

1 1 Setting prohibited

TMCnO1 Other than PWM (free-running) mode PWM (free-running) mode
(TMCn06 = 0) (TMCn06 = 1)
Controls timer F/F Selects active level
0 Disable inversion operation Active high
1 Enable inversion operation Active low
TOENO Timer output control
0 Disable output (port mode)
1 Enable output

Cautions 1. When using the timer output pin (TOn), set the port value to 0 (port mode output).
An ORed value (logical OR) of the timer output values is output.
2. Since TOn and Tin are the same alternate-function pin, only one function can be used.

Remarks 1. Inthe PWM mode, the PWM output is set to the inactive level by TCENO = 0.
2. IfLVSnO and LVRNO are read after setting data, 0 is read.
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8.4 16-Bit Timer (TM5, TM6) Operation

8.4.1 Operation as an interval timer

TMn operates as an interval timer that repeatedly generates interrupts at the time interval specified by the count
value preset to 16-bit compare register n (CRn).

When the count value of 16-bit counter n (TMn) matches the set value of CRn, the value of TMn is cleared to O,
and the timer continues counting. At the same time, an interrupt request signal (INTTMn) is generated.

The TMn count clock can be selected by bits 0 to 2 (TCLnO to TCLn2) of timer clock select register n0 (TCLNO)
and by bit 0 (TCLn3) of timer clock select register n1 (TCLn1) (n =5, 6).

Setting method

(1) Set each register.
e TCLnO, TCLn1: Selects the count clock.
e CRn: Compare value
e TMCnO: Selects the clear and start mode entered when TMn and CRn match.
(TMCnO = 0000xxx0B, x = don’t care)
(2) When TCENO = 1 is set, counting starts.
(3) When the values of TMn and CRn match, INTTMn is generated (TMn is cleared to 0000H).
(4) INTTMn is then repeatedly generated at the same interval. When counting stops, set TCEnO = 0.

Figure 8-32. Timing of Interval Timer Operation (1/2)

Basic operation |

t

Count clockJﬂTﬂw ‘,_| |_! I_’ I_’ ﬁ_| |_!
TMn count value  0000H X0001HX . X N X0000HX0001H{ . X N X0000K0001H{ = X N
A 1 A 1 A )
Count start Clear Clear
CRn N . N . N MY
TCEnO— I 7 ) )
INTTMn . « B
77 A 7 A )
Interrupt acknowledgement Interrupt
Ton 4 acknowledgement
- | -
Interval time Interval time Interval time

Remarks 1. Interval time = (N + 1) xt; N = 0000H to FFFFH
2. n=5,6
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When CRn = 0000H

Remark n=5,6

When CRn = FFFFH |

Countclock|||||’||||||

t

Figure 8-32. Timing of Interval Timer Operation (2/2)

t

Count clock Jummmmmr\_

0000H:0000H

0000H:0000H

TMn0000H
CRn
TCENO
INTTMn
TOn

JEpERENENE NS

X

Interval time

pEpSpERERN

[ LIL

TMn [oootH] [FFFEHFFFFH] 0000H] [FFFER|FFFFH] 0000H|
CRn FFFFH . FFFFH . FFFFH
TCEnO __| 0 .
INTTMn ( (
) A 7 A
Interrupt acknowledgement  Interrupt acknowledgement
TOn ] .

Remark n=5,6

T
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8.4.2 Operation as external event counter
The external event counter counts the number of external clock pulses that are input to Tin.

Each time the valid edge specified by timer clock select registers n0 and n1 (TCLn0O, TCLn1) is input, TMn is
incremented. The edge setting can be selected to be either a rising or falling edge.

If the total value of TMn and the value of 16-bit compare register n (CRn) match, TMn is cleared to 0 and an
interrupt request signal (INTTMn) is generated.

INTTMn is generated each time the TMn value matches the CRn value.

Remark n=5,6

Figure 8-33. Timing of External Event Counter Operation (with Rising Edge Specified)

L T N

TMn count value  ¥0000HX0001HX0002HX0003HY0004HY0005HX : XN — 1 N X0000HX0001HX0002HX0003HX
U

LC
CRn "

L
T

N

INTTMn

(¢
T

Remark n=5,6
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8.4.3 Operation as square-wave output

A square-wave with any frequency is output at the interval preset to 16-bit compare register n (CRn).

By setting bit 0 (TOENO) of 16-bit timer mode control register n0 (TMCnO) to 1, the output status of TOn is inverted
at an interval specified by the count value preset to CRn. In this way, a square wave of any frequency (duty ratio =
50%) can be output.

Setting method

(1) Set the registers.
¢ Set the port latch and port mode register to 0
e TCLNnO, TCLn1: Selects the count clock

e CRn: Compare value
e TMCnO: Clear and start mode entered when TMn and CRn match
LVSnO LVRNO Setting state of timer output flip-flop
1 0 High level output
0 1 Low level output

Inversion of timer output flip-flop enabled
Timer output enabled —» TOENO = 1

(2) When TCENO = 1 is set, the counter starts operating.
(3) If the values of TMn and CRn match, the timer output flip-flop inverts. Also, INTTMn is generated and

TMn is cleared to 0000H.
(4) The timer output flip-flop is then inverted at the same interval and a square wave is output from TOn.

Remark n=5,6

Figure 8-34. Square-Wave Output Operation Timing

Countclocklllllll||||||||||||||||||

TMn count value  0000HX0001HX0002HX XN-1X N X0000HX0001HX0002HX XN-1X N X0000H
= , s

Count start

CRn N

TOn [ ; |

Note The initial value of TOn output can be set with bits 3 and 2 (LVSn0, LVRnO) of the TMCnO register.

Remark n=5,6
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8.4.4 Operation as 16-bit PWM output

By setting bit 6 (TMCn6) of 16-bit timer mode control register n0 (TMCnO) to 1, the timer operates as a PWM
output.

Pulses with the duty ratio determined by the value set to 16-bit compare register n (CRn) are output from TOn.

Set the width of the active level of the PWM pulse to CRn. The active level can be selected by bit 1 (TMCn01) of
TMCnO.

The count clock can be selected by bits 0 to 2 (TCLnO to TCLn2) of timer clock select register n0 (TCLnO) and by
bit 0 (TCLn3) of timer clock select register n1 (TCLn1).

The PWM output can be enabled and disabled by bit 0 (TOEn0) of TMCnO.

Caution CRn can be rewritten only once in one period while in the PWM mode.
Remark n=5,6

(1) Basic operation of PWM output

Setting method

(1) Set the port latch and port mode register n to 0.
2) Set the active level width to 16-bit compare register n (CRn).
3) Select the count clock using timer clock select register n0, n1 (TCLnO, TCLn1).
4) Set the active level to bit 1 (TMCnO01) of TMCnO.
)

5) If bit 7 (TCENOQ) of TMCnO is set to 1, counting starts. To stop counting, set TCEnO to 0.

—_~ o~ o~ o~

PWM output operation

(1) When counting starts, PWM output (output from TOn) outputs the inactive level until an overflow occurs.
(2) When an overflow occurs, the active level specified in step (1) in the setting method is output. The active
level is output until CRn and the count value of 16-bit counter n (TMn) match.

PWM output after the CRn and count values match is at the inactive level until an overflow occurs again.
Steps (2) and (3) repeat until counting stops.

If counting is stopped by TCENnO = 0, PWM output goes to the inactive level.

GRCE®

Remark n=5,6
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(a) Basic operation of PWM output

Figure 8-35. Timing of PWM Output
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Remark n=5,6
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8.4.5 Cautions

(1) Error on starting timer
An error of up to 1 clock occurs before the match signal is generated after the timer has been started. This is
because 16-bit counter n (TMn) is started asynchronously to the count pulse.

Figure 8-36. Start Timing of Timer n

countpuse __| || || || L1 |

TMn countvalue  0000H X 0001H X 0002H X 0003H X 0004H
T

Timer starts

Remark n=5,6
(2) TMn readout during timer operation

Since reading out TMn during operation occurs while the selected clock is temporarily stopped, be sure to select
a high- or low-level waveform that is longer than the selected clock (n = 5, 6).
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9.1 Function
The watch timer has the following functions.

e Watch timer
e Interval timer

The watch timer and interval timer functions can be used at the same time.

Figure 9-1. Block Diagram of Watch Timer

S . S
Clear E 5-bit counter E |~ INTWTN
fxx—= » - o) ]
2 11-bit prescaler 2 2
& | fw Clear
fxr—=] (‘/D) fw/ 2% fu/25 | fui/ 25 fu/27 [fu/28 [fw/210 /2! |[fw/2® }
S
g INTWTNI
4 ©
[¢2]

[wrnest|wrneso| [wrnes2]| [wTnmz| wTnme | WTNMS | WTNM4 | WTNM3 | wTNM2 | wTNm1 | wTNmo |

Watch timer clock select Watch timer high-speed clock Watch timer mode control
register (WTNCS) select register (WTNHC) register (WTNM)
Internal bus

Remark fxx: Main clock frequency
fxt:  Subclock frequency
fw:  Watch timer clock frequency
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(1) Watch timer
The watch timer generates an interrupt request (INTWTN) at time intervals of 0.5 or 0.25 second by using the

main clock or subclock.

(2) Interval timer
The watch timer generates an interrupt request (INTWTNI) at time intervals specified in advance.

Table 9-1. Interval Time of Interval Timer

Interval Time fw = 32.768 kHz
2* x 1/fw 488 us
2 x 1/fw 977 us
2°x 1/fw 1.95 ms
2" x 1/iw 3.91 ms
2° x 1/fw 7.81 ms
2° x 1/fw 15.6 ms
2" x 1/fw 31.2ms
2" x 1/fw 62.4 ms

Remark fw: Watch timer clock frequency

9.2 Configuration
The watch timer includes the following hardware.

Table 9-2. Configuration of Watch Timer

Item Configuration
Counter 5 bits x 1
Prescaler 11 bits x 1
Control registers Watch timer mode control register (WTNM)
Watch timer high-speed clock select register (WTNHC)
Watch timer clock select register (WTNCS)
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9.3 Watch Timer Control Register

The watch timer mode control register (WTNM), watch timer high-speed clock select register (WTNHC), and watch
timer clock select register (WTNCS) control the watch timer. The watch timer should be operated after setting the
count clock and interval time.

(1) Watch timer mode control register (WTNM)
This register enables or disables the count clock and operation of the watch timer, sets the interval time of the
prescaler, controls the operation of the 5-bit counter, and sets the interrupt time of the watch timer.
WTNM is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input clears WTNM to 00H.

After reset: 00H R/W Address: FFFFF360H
7 6 5 4 3 2 <1> <0>
WTNM | WTNM7 | WTNM6 | WTNM5 | WTNM4 | WTNM3 | WTNM2 | WTNM1 | WTNMO

WTNM6 | WTNM5 | WTNM4 Selects interval time of prescaler
0 0 0 2'/fw (488 us)
0 0 1 2°/fw (977 us)
0 1 0 2°/fw (1.95 ms)
0 1 1 2'/fw (3.91 ms)
1 0 0 2°/fw (7.81 ms)
1 0 1 2°/fw (15.6 ms)
1 1 0 2"%fw (31.2 ms)
1 1 1 2"/fw (62.4 ms)

WTNM3 | WTNM2 Selects interrupt time of watch timer
0 0 2"/fw (0.5 s)
0 1 2%/fw (0.25 s)
1 0 2°/fw (977 us)
1 1 2'/fw (488 us)

WTMA1 Controls operation of 5-bit counter

0 Clears after operation stops
1 Starts

WTNMO Enables operation of watch timer
0 Stops operation (clears both prescaler and 5-bit counter)
1 Enables operation

Remarks 1. fw: Watch timer clock frequency
2. Values in parentheses apply when fw = 32.768 kHz.
3. For the settings of WTNM?7, refer to 9.3 (3) Watch timer clock select register
(WTNCS).
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* (2) Watch timer high-speed clock select register (WTNHC)
This register selects the count clock of the watch timer.
The count clock is determined using WTNM?7 bit of WTNM register in combination with WTNCS1 and WTNCSO0
bits of the watch timer clock select register (WTNCS).
WTNHC is set using an 8-bit memory manipulation instruction.
'RESET input clears WTNHC to 00H.

After reset: O0H R/W Address: FFFFF366H
7 6 5 4 3 2 1 0
WTNHC 0 0 0 0 0 0 0 WTNCS2

Remark For the settings of WTNCS2, refer to 9.3 (3) Watch timer clock select register (WTNCS).

(3) Watch timer clock select register (WTNCS)
This register selects the count clock of the watch timer.
WTNCS is set using an 8-bit memory manipulation instruction.
RESET input clears WTNCS to O0H.

Caution Do not change the contents of the WTNM, WTNHC, and WTNCS registers (interval time,
interrupt time for watch timer, count clock) during a watch timer operation.

After reset: O0H R/W Address: FFFFF364H
7 6 5 4 3 2 1 0
WTNCS 0 0 0 0 0 0 WTNCS1 | WTNCSO0
* WTNCS2 | WTNCS1 | WTNCSO | WTNM7 Selection of count Main clock
clock frequency
0 0 0 0 fxx/27 4.194 MHz
0 0 0 1 fxt (subclock) -
0 0 1 0 fxx/3 x 2° 6.291 MHz
0 0 1 1 fxx/2° 8.388 MHz
0 1 0 0 Setting prohibited -
0 1 0 1 Setting prohibited -
0 1 1 0 fxx/3 x 2 12.582 MHz
0 1 1 1 fxx/2° 16.777 MHz
1 0 1 0 xx/3F x 2° 18.874 MHz
Other than above Setting prohibited -

Remark WTNM7 is bit 7 of the WTNM register.
WTNCS?2 is bit 0 of the WTNHC register.
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9.4 Operation

9.4.1 Operation as watch timer

The watch timer operates with time intervals of 0.5 second with the subclock (32.768 kHz).

The watch timer generates an interrupt request at fixed time intervals.

The count operation of the watch timer is started when bits 0 (WTNMO) and 1 (WTNM1) of the watch timer mode
control register (WTNM) are set to 1. When these bits are cleared to 0, the 11-bit prescaler and 5-bit counter are
cleared, and the watch timer stops the count operation.

Setting the WTNM1 bit to 0 can clear the 5-bit counter of the watch timer. An error of up to 15.6 ms may occur at
this time.

Setting the WTNMO bit to 0 can clear the interval timer. However, an error up to 0.5 s may occur after a watch
timer overflow (INTWTN) because the 5-bit counter is also cleared.
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9.4.2 Operation as interval timer

The watch timer can also be used as an interval timer that repeatedly generates an interrupt at intervals specified
by a preset count value.

The interval time can be selected by bits 4 to 6 (WTNM4 to WTNM6) of the watch timer mode control register
(WTNM).

Table 9-3. Interval Time of Interval Timer

WTNM6 | WTNM5 | WTNM4 Interval Time fw = 32.768 kHz
0 0 0 24 x 1/fw 488 us
0 0 1 2° x 1/fw 977 us
0 1 0 2° x 1/fw 1.95 ms
0 1 1 2" x 1/fw 3.91 ms
1 0 0 28 x 1/fw 7.81 ms
1 0 1 2° x 1/fw 15.6 ms
1 1 0 2 x 1/fw 31.2ms
1 1 1 2" x 1/fw 62.4 ms

Remark fw: Watch timer clock frequency

Figure 9-2. Operation Timing of Watch Timer/Interval Timer

5-bit counter

OH
A Overflow Overflow
Start
Count clock fw or
el (L T T

Watch timer
interrupt INTWTN

> P
X

Interrupt time of watch timer (0.5 s) : Interrupt time of watch timer (0.5 s)

Interval timer
interrupt INTWTNI

Interval time Interval time
(T) (M
4+——nT

nT———»

v
A

Remark fw: Watch timer clock frequency
() fw=32.768 kHz
n: Number of interval timer operations
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9.4.3 Cautions
It takes some time to generate the first watch timer interrupt request (INTWTN) after operation is enabled (WTNM1
and WTNMO bits of WTNM register = 1).

Figure 9-3. Watch Timer Interrupt Request (INTWTN) Generation (Interrupt Period = 0.5 s)

It takes 0.515625 s to generate the first INTWTN (2° x 1/32.768 = 0.015625 s longer). INTWTN is then
generated every 0.5 s.

WTNMO, WTNM1

0.515625 s

SR N

05s 05s

User's Manual U15109EJ3VOUD 315



CHAPTER 10 WATCHDOG TIMER FUNCTION

10.1 Functions
The watchdog timer has the following functions.
e Watchdog timer
¢ Interval timer

¢ Selecting the oscillation stabilization time

Caution Use the watchdog timer mode register (WDTM) to select the watchdog timer mode or the interval
timer mode.

Figure 10-1. Block Diagram of Watchdog Timer

RUN

fxx/212——

Prescaler

22
T /2% —— Internal reset signal

fxx/221 Output
controller

Output
controller

— INTWDTNete

<>

N

o
Selector

fxx/218 ?
fxx/217 L w INTWDTMNote 2

0SC

Selector

I

wpcs [wocs2 | woest{woeso|  osTs[osTs2 | 0sTST | 0sTS0| WDTM| RUN |WDTMA4 lwDTM3|

8 Internal bus 8

Notes 1. In watchdog timer mode
2. Ininterval timer mode

Remark fxx: Main clock frequency
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(1) Watchdog timer mode
This mode detects an inadvertent program loop. When a loop is detected, a non-maskable interrupt can be

generated.

Table 10-1. Loop Detection Time of Watchdog Timer

Clock Loop Detection Time
fxx = 20 MHz fxx = 18.87 MHz fxx = 16 MHz

2'%/fxx 3.3ms 3.5ms 41 ms

2" [fxx 6.6 ms 6.9 ms 8.2ms

2" /fxx 13.1 ms 13.9 ms 16.4 ms

2"/fxx 26.2 ms 27.8 ms 32.8 ms

2%/fxx 52.4 ms 55.6 ms 65.5 ms

2% [fxx 104.9 ms 111.1ms 131.1 ms

2%/fxx 209.7 ms 222.3 ms 262.1 ms

2%/fxx 838.9 ms 889.1 ms 1.05s

(2) Interval timer mode

Interrupts are generated at a preset time interval.

Table 10-2. Interval Time of Interval Timer

Clock Interval Time
fxx = 20 MHz fxx = 18.87 MHz fxx = 16 MHz

2%/fxx 3.3ms 3.5ms 4.1 ms

2"/fxx 6.6 ms 6.9 ms 8.2 ms

2"/fxx 13.1 ms 13.9ms 16.4 ms

2%/fxx 26.2 ms 27.8 ms 32.8 ms

2%/fxx 52.4 ms 55.6 ms 65.5 ms

27'ffxx 104.9 ms 111.1 ms 131.1 ms

2%/fxx 209.7 ms 222.3 ms 262.1 ms

2%/fxx 838.9 ms 889.1 ms 1.05s
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10.2 Configuration
The watchdog timer includes the following hardware.

Table 10-3. Watchdog Timer Configuration

Item Configuration

Control registers Oscillation stabilization time select register (OSTS)
Watchdog timer clock select register (WDCS)
Watchdog timer mode register (WDTM)

10.3 Watchdog Timer Control Registers
The watchdog timer is controlled by the following registers.

¢ Oscillation stabilization time select register (OSTS)
¢ Watchdog timer clock select register (WDCS)
e Watchdog timer mode register (WDTM)

(1) Oscillation stabilization time select register (OSTS)
This register selects the oscillation stabilization time after a reset is applied or the STOP mode is released until
the oscillation is stable.
OSTS is set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 01H.

After reset: 01H R/W Address: FFFFF380H
7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTSH1 OSTSO0
0OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
Clock fxx
20 MHz [18.87 MHz| 16 MHz
0 0 0 2%/fxx 3.3ms 3.5ms 4.1 ms
0 0 1 2"%/fxx (after reset) 13.1 ms 13.9ms 16.4 ms
0 1 0 2"/fxx 26.2ms |[27.8ms |32.8ms
0 1 1 2%/fxx 52.4ms |55.6ms |[65.5ms
1 0 0 2% ffxx 1049ms [111.1ms |131.1ms
Other than above Setting prohibited
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(2) Watchdog timer clock select register (WDCS)
This register selects the overflow times of the watchdog timer and the interval timer.
WDCS is set by an 8-bit memory manipulation instruction.
RESET input sets WDCS to 00H.

After reset: O0H R/W Address: FFFFF382H

7 6 5 4 3 2 1 0

WDCS 0 0 0 0 0 WDCS2 WDCS1 WDCSO0

WDCS2 WDCSH1 WDCSO0 Watchdog timer/interval timer overflow time
Clock fxx
20 MHz |18.87 MHz| 16 MHz

0 0 0 2"%/fxx 3.3ms 3.5ms 4.1 ms
0 0 1 2" [fxx 6.6 ms 6.9 ms 8.2ms
0 1 0 2"%/fxx 13.1ms 13.9ms 16.4 ms
0 1 1 2"%/fxx 26.2 ms 27.8 ms 32.8 ms
1 0 0 2%/fxx 52.4 ms 55.6 ms 65.5 ms
1 0 1 2%'/fxx 1049ms | 111.1ms | 131.1 ms
1 1 0 2%/fxx 209.7ms | 222.3ms | 262.1 ms
1 1 1 2%/fxx 8389ms | 889.1ms | 1.05s

Caution Always set bits 7 to 3 to 0.
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(3) Watchdog timer mode register (WDTM)
This register sets the operating mode of the watchdog timer, enables and disables counting, and generates
internal reset signals.
WDTM is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets WDTM to O0H.

After reset: O0H R/W Address: FFFFF384H
<7> 6 5 4 3 2 1 0
WDTM RUN 0 0 WDTM4 | WDTM3 0 0 0
RUN Operating mode selection for the watchdog timer">®’
0 Disable count
1 Clear count and start counting
WDTM4 Operating mode selection for the watchdog timer"**®?
0 Interval timer mode

(If an overflow occurs, the maskable interrupt INTWDTM is generated.)

1 Watchdog timer mode 1
(If an overflow occurs, the non-maskable interrupt INTWDT is generated.)

WDTMS3 Internal reset signal generation selection™**
0 Internal reset signal not generated when overflow
1 Internal reset signal generated when overflow

Notes 1. Once RUN is set (1), the register cannot be cleared (0) by software. Therefore, when the count
starts, the count cannot be stopped except by RESET input.
2. Once WDTM3 and WDTM4 are set (1), the registers cannot be cleared (0) by software.

Caution If RUN is set (1) and the watchdog timer is cleared, the actual overflow time may be up to 2"/fxx
seconds shorter than the set time.
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10.4 Operation

10.4.1 Operation as watchdog timer
Set bit 4 (WDTM4) of the watchdog timer mode register (WDTM) to 1 to operate as a watchdog timer to detect

inadvertent program looping.

Setting bit 7 (RUN) of WDTM to 1 starts the count. After counting starts, if RUN is set to 1 again within the set
time interval for loop detection, the watchdog timer is cleared and counting starts again.

If RUN is not set to 1 and the loop detection time has elapsed, a non-maskable interrupt (INTWDT) is generated

(no reset functions).

The watchdog timer stops running in the IDLE and STOP modes.

Consequently, set RUN to 1 and clear the

watchdog timer before entering the IDLE or STOP mode. Do not set the watchdog timer when using the HALT mode

since the watchdog timer continues to operate in the HALT mode.

Cautions 1. The actual loop detection time may be up to 2'%/fxx seconds shorter than the set time.

2. When the subclock is selected for the CPU clock, the watchdog timer stops counting

(pauses).
Table 10-4. Loop Detection Time of Watchdog Timer
Clock Loop Detection Time
fxx =20 MHz fxx = 18.87 MHz fxx = 16 MHz

2"/fxx 3.3 ms 3.5ms 4.1 ms
2" [fxx 6.6 ms 6.9 ms 8.2ms
2%/fxx 13.1 ms 13.9 ms 16.4 ms
2"/fxx 26.2 ms 27.8 ms 32.8 ms
2%/fxx 52.4 ms 55.6 ms 65.5 ms
2% ffxx 104.9 ms 111.1ms 131.1 ms
2%/fxx 209.7 ms 222.3 ms 262.1 ms
2%/fxx 838.9 ms 889.1 ms 1.05s
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10.4.2 Operation as interval timer

Set bit 4 (WDTM4) of the watchdog timer mode register (WDTM) to 0 to operate the watchdog timer as an interval
timer that repeatedly generates interrupts with a preset count value as the interval.

When operating as an interval timer, the interrupt mask flag (WDTMK) of the WDTIC register and the priority
setting flags (WDTPRO to WDTPR2) become valid, and a maskable interrupt (INTWDTM) can be generated. The
default priority of INTWDTM has the highest priority setting of the maskable interrupts.

The interval timer continues operating in the HALT mode and stops in the IDLE and STOP modes. Therefore,
before entering the IDLE/STOP mode set the RUN bit of the WDTM register to 1 to clear the interval timer, and then
set to the IDLE or STOP mode.

Cautions 1. Once bit 4 (WDTM4) of WDTM is set to 1 (selecting the watchdog timer mode), the interval
timer mode is not entered as long as RESET is not input.
2. The interval time immediately after being set by WDTM may be up to 2'%/fxx seconds shorter
than the set time.
3. When the subclock is selected for the CPU clock, the watchdog timer stops counting

(pauses).
Table 10-5. Interval Time of Interval Timer
Clock Interval Time
fxx = 20 MHz fxx = 18.87 MHz fxx = 16 MHz

2"/fxx 3.3ms 3.5ms 4.1 ms
2"/fxx 6.6 ms 6.9 ms 8.2ms
2"/fxx 13.1ms 13.9ms 16.4 ms
2"%/fxx 26.2 ms 27.8 ms 32.8 ms
2%/fxx 52.4 ms 55.6 ms 65.5 ms
2%'/fxx 104.9 ms 111.1 ms 131.1 ms
2%/fxx 209.7 ms 222.3ms 262.1 ms
2%/fxx 838.9 ms 889.1 ms 1.05s
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10.5 Standby Function Control Register

(1) Oscillation stabilization time select register (OSTS)
The wait time from when the stop mode is cancelled until the oscillation stabilizes is controlled by the oscillation
stabilization time select register (OSTS).
OSTS is set by an 8-bit memory manipulation instruction.
‘RESET input sets OSTS to 01H.

After reset: 01H

OSTS

R/W Address: FFFFF380H
7 6 5 4 3 2 1 0
0 0 0 0 0 OSTS2 OSTSH1 OSTSO0
0OSTS2 OSTS1 OSTSO0 Oscillation stabilization time selection
Clock fxx

20 MHz |[18.87 MHz | 16 MHz
0 0 0 2"%/fxx 3.3ms 3.5ms 4.1 ms
0 0 1 2"%/fxx (after reset) 13.1 ms 13.9ms 16.4 ms
0 1 0 2"%/fxx 26.2 ms 27.8 ms 32.8 ms
0 1 1 2%/fxx 52.4 ms 55.6 ms 65.5 ms
1 0 0 2%'/fxx 1049ms |(111.1ms |131.1ms

Other than above

Setting prohibited

Caution The wait time at the cancellation of the STOP mode does not include the time (“a” in the figure
below) until clock oscillation starts after STOP mode is cancelled by RESET input or interrupt
generation.

Voltage
waveform
at X1 pin
Vss

STOP mode cancellation

y
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11.1 Overview
The V850/SC1, V850/SC2, and V850/SC3 incorporate the following serial interfaces.

e Channel 0: 3-wire serial /0 (CSI0)/IF'CO"*®

¢ Channel 2: 3-wire serial /0 (CSI2)/FC1"*®

e Channel 3: 3-wire serial I/0 (CSI3)/asynchronous serial interface (UART1)
e Channel 4: 3-wire serial I/0O (CSl4)/asynchronous serial interface (UARTO)
e Channel 5: 3-wire serial /0O (CSI5)

e Channel 6: 3-wire serial I/0 (CSI6)

e Channel 7: Asynchronous serial interface (UART2)

e Channel 8: Asynchronous serial interface (UART3)

Note 1°CO and I°C1 support multimasters.
Either 3-wire serial I/O or I°C can be used as a serial interface.

11.2 3-Wire Serial I/0 (CSI0, CSI2, CSI3): 8 Bits
CSIn (n =0, 2, 3) has the following two modes.

(1) Operation stopped mode
This mode is used when serial transfers are not performed.

(2) 3-wire serial /0 mode (fixed as MSB first)
This is an 8-bit data transfer mode using three lines: a serial clock line (SCKn), a serial output line (SOn), and a

serial input line (SIn).

Since data can be transmitted and received simultaneously in 3-wire serial I/O mode, the processing time for
data transfer is reduced.

The first bit in the 8-bit data in serial transfers is fixed as the MSB.

The SCKO and SCK2 pins can be used to select normal output and N-ch open-drain output, respectively, by
setting the port 1 function register and port 2 function register (PF1, PF2).

3-wire serial 1/0 mode is useful for connection to devices such as peripheral 1/0 that include a clocked serial
interface, and display controllers.
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11.

2.1 Configuration
CSiIn includes the following hardware.

Table 11-1. Configuration of CSin

Item Configuration
Registers Serial 1/0 shift register n (SIOn)
Control registers Serial operation mode register n (CSIMn)
Serial clock select register n (CSISn)

Remark n=0,2,3

Figure 11-1. Block Diagram of 3-Wire Serial I/O (CSI0, CSI2, CSI3)

% Internal bus

Serial I/0 shift
o | ;
Sin 1L register n (SIOn)

ﬁ

SOn ©
. Interrupt
SCKn T Serial clock counter generator | INTGCSIn
47
Serial clock controller Selector TMx output
[4—Clock selection

(1)

Remarks 1. n=0,2,3
2. TMx output is as shown below.
Whenn =0, 3: TM5 output
When n = 2: TM6 output

Serial 1/0 shift register n (SIOn)

SIOn is an 8-bit register that performs parallel-serial conversion and serial transmission/reception (shift
operations) in synchronization with the serial clock.

SIOn is set by an 8-bit memory manipulation instruction.

When bit 7 (CSIEn) of serial operation mode register n (CSIMn) is set to 1, a serial operation can be started by
writing data to or reading data from SIOn.

When transmitting, data written to SIOn is output via the serial output (SOn).

When receiving, data is read from the serial input (SIn) and written to SIOn.

RESET input sets these registers to 00H.

Caution Do not access SIOn except by the transfer start trigger during a transfer operation (read is
disabled when MODEn = 0 and write is disabled when MODEn = 1).

Remark n=0,2,3
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11.2.2 CSiIn control registers
CSin is controlled by the following registers.

o Serial operation mode register n (CSIMn)
o Serial clock select register n (CSISn)

(1) Serial clock select register n (CSISn) and serial operation mode register n (CSIMn)
CSISn is used to set the serial clock of serial interface channel n.
CSISn can be set by an 8-bit memory manipulation instruction (n = 0, 2, 3).
RESET input sets CSISn to O0H.
CSIMn is used to enable or disable the serial clock, operation modes, and specific operations of serial interface
channel n.
CSIMn can be set by an 8-bit or 1-bit memory manipulation instruction (n =0, 2, 3).
RESET input sets CSIMn to 00H.
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After reset: 00H R/W Address: CSISO FFFFF2A4H
CSIs2 FFFFF2C4H
CSIS3 FFFFF2D4H

7 6 5 4 3 2 1 0
CSISn 0 0 0 0 0 0 0 SCLn2
(n=0,2,3)
After reset: 00H R/wW Address: CSIMO FFFFF2A2H
CSsIM2 FFFFF2C2H
CSIM3 FFFFF2D2H
<7> 6 5 4 3 2 1 0
CSIMn CSIEn 0 0 0 0 MODEnN SCLn1 SCLnO
(n=0,2,3)
CSIEn SIOn operation enable/disable specification
Shift register operation Serial counter Port
0 Operation disable Clear Port function"*’
1 Operation enable Count operation enable Serial function + port
function"**
MODEnN Transfer operation mode flag
Operation mode Transfer start trigger SOn output
0 Transmit/receive mode SIOn write Normal output
1 Receive-only mode SIOn read Port function
SCLn2 SCLn1 SCLnO Clock selection
0 0 0 External clock input (%)
0 0 1 atn =0, 3: TM5 output
atn=2: TM6 output
0 1 0 fxx/8
0 1 1 fxx/16
1 0 0 Setting prohibited
1 0 1 Setting prohibited
1 1 0 fxx/32
1 1 1 fxx/64

Notes 1. The SIn, SOn, and SCKn pins are used as port function pins when CSIEn = 0 (SIOn operation
stopped state).
2. When CSIEn = 1 (SIOn operation enabled state), the port function is available for the SIin pin when
only using the transmit function and SOn pin when only using the receive function.

Cautions 1. Do not perform bit manipulation on SCLn1 and SCLn0.
2. Always set bits 6 to 3 to CSIMn to 0.

Remark |If the selected clock is specified as a timer output, the P17/T05/T15 and P30/T06/TI6 pins do not need
to be in timer output mode.
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11.2.3 Operations
CSIn has the following two operation modes.

e Operation stopped mode

e 3-wire serial I/O mode

(1) Operation stopped mode
In this mode, serial transfers are not performed, thus enabling a reduction in power consumption.
In operation stopped mode, the Sin, SOn, and SCKn pins can be used as normal I/O port pins.

(a) Register settings

Operation stopped mode is set via the CSIEn bit of serial operation mode register n (CSIMn).

After reset:

CSIMn

(n=0,2,3)

328

Figure 11-2. CSIMn Setting (Operation Stopped Mode)

00H R/W Address: CSIMO FFFFF2A2H
CsIM2 FFFFF2C2H
CSIM3 FFFFF2D2H
<7> 6 5 4 3 2 1 0
CSIEn 0 0 0 0 MODEnN SCLn1 SCLnO
CSIEn SIOn operation enable/disable specification
Shift register operation Serial counter Port

Operation disabled

Cleared

Port function
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(2) 3-wire serial /0 mode

3-wire serial /0 mode is useful when connecting to devices such as peripheral I/O that include a clocked serial

interface, and display controllers.
This mode executes data transfers via three lines: a serial clock line (SCKn), a serial output line (SOn), and a

serial input line (SIn).

(a) Register settings

3-wire serial I/O mode is set by serial operation mode register n (CSIMn).

Figure 11-3. CSIMn Setting (3-Wire Serial I/0 Mode)

After reset: 00H R/W Address: CSIMO FFFFF2A2H
CSIM2 FFFFF2C2H
CSIM3 FFFFF2D2H
<7> 6 5 4 3 2 1 0
CSIMn CSIEn 0 0 0 0 MODEnN SCLn1 SCLnO
(n=0,2,3)
CSIEn SIOn operation enable/disable specification
Shift register operation Serial counter Port
1 Operation enabled Count operation enabled Serial function + port function
MODEnN Transfer operation mode flag
Operation mode Transfer start trigger SOn output
0 Transmit/receive mode Write to SIOn Normal output
1 Receive-only mode Read from SIOn Port function
SCLn2 SCLn1 SCLnO Clock selection
0 0 0 External clock input (m)
0 0 1 when n =0, 3: TM5 output
whenn=2: TM®6 output
0 1 0 fxx/8
0 1 1 fxx/16
1 0 0 Setting prohibited
1 0 1 Setting prohibited
1 1 0 fxx/32
1 1 1 fxx/64
Remarks 1. Referto 11.2.2 (1) Serial clock select register n (CSISn) and serial operation mode register

n (CSIMn) for the SCLn2 bit.
2. |If the selected clock is specified as a timer output, the P17/T05/TI5 and P30/T06/T16 pins do not

need to be in timer output mode.
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(b) Communication operations

(c)

In 3-wire serial /O mode, data is transmitted and received in 8-bit units. Each bit of data is sent or received
in synchronization with the serial clock.

Serial 1/0 shift register n (SIOn) is shifted in synchronization with the falling edge of the serial clock.
Transmit data is held in the SOn latch and is output from the SOn pin. Data that is received via the Sin pin in
synchronization with the rising edge of the serial clock is latched to SIOn.

Completion of an 8-bit transfer automatically stops operation of SIOn and sets the interrupt request flag
(INTCSIn).

Figure 11-4. Timing of 3-Wire Serial I/O Mode

Serial clock 1 2 3 4 5 6 7 8
Slo X Djl7 X Di6 f DI5 X D14 X DI3 X DI2 f DI1 X |j3|o
SO0 X D107 X DO6 J DO5 § DO4 X DO3 { DO2 f DO1 | D}OO
‘ :
INTCSIn ‘ i—
T Transfer completion

Transfer starts in synchronization with the falling edge of the serial clock

Transfer start
A serial transfer starts when the following two conditions have been satisfied and transfer data has been set
to serial I/O shift register n (SIOn).

e The SIOn operation control bit (CSIEn) =1
o After an 8-bit serial transfer, the internal serial clock is either stopped or is set to high level.

The transfer data is set to SIOn as follows.

¢ Transmit/receive mode
When CSIEn = 1 and MODER = 0, transfer starts when writing to SIOn.
¢ Receive-only mode
When CSIEn = 1 and MODER = 1, transfer starts when reading from SIOn.

Caution After data has been written to SIOn, transfer will not start even if the CSIEn bit value is
set to 1.

Completion of an 8-bit transfer automatically stops the serial transfer operation and sets the interrupt request
flag (INTCSIn).
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11.3 3-Wire Serial I/O (CSI4): 8 to 16 Bits Variable

CSl4 has the following two operation modes.

(1) Operation stopped mode

This mode is used when serial transfers are not performed.

(2) 3-wire serial /O mode (MSB/LSB-first switchable)
This mode transfers variable data of 8 to 16 bits via three lines: a serial clock line (SCK4), a serial output line
(SO4), and a serial input line (S14).
Since data can be transmitted and received simultaneously in 3-wire serial I/O mode, the processing time for
data transfer is reduced.
The first bit of serial transfer data can be switched between MSB and LSB.
3-wire serial 1/0 mode is useful for connection to devices such as peripheral 1/0 that include a clocked serial
interface, and display controllers.

11.3.1 Configuration

CSl4 includes the following hardware.

Table 11-2. Configuration of CSI4

Item

Configuration

Registers

Variable-length serial 10 shift register 4 (SI04)

Control registers

Variable-length serial control register 4 (CSIM4)
Variable-length serial setting register 4 (CSIB4)
Baud rate generator source clock select register 4 (BRGCN4)
Baud rate generator output clock select register 4 (BRGCK4)
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Figure 11-5. Block Diagram of 3-Wire Serial I/O (CSI4)

S Internal bus %
3

| Direction controller |

{

Variable-length serial 1/0
©
Sl4 ll}/\ shift register 4 (8 to 16 bits)
pd
Serial clock counter o Interrupt
> (8-/16-bit switchable) | generator INTCSI4
L | Baud rate
SCKAG <]| Serial clock controller [« Selector 1 «— generator
> *

(1) Variable-length serial I/O shift register 4 (SI04)
SI04 is a 16-bit variable register that performs parallel-serial conversion and transmission/reception (shift
operations) in synchronization with the serial clock.
SI04 is set by a 16-bit memory manipulation instruction.
When bit 7 (CSIE4) of variable-length serial control register 4 (CSIM4) is set to 1, a serial operation can be
started by writing data to or reading data from SIOA4.
When transmitting, data written to SIO4 is output via the serial output (SO4).
When receiving, data is read from the serial input (SI4) and written to SIO4.
RESET input sets SIO4 to 0000H.

Caution Do not access SIO4 except by the transfer start trigger during a transfer operation (read is
disabled when MODE4 = 0 and write is disabled when MODE4 = 1).

After reset: 0000H R/W Address: FFFFF2EOH
i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

S04
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If the transfer bit length is set to other than 16 bits, when setting data to the shift register, be sure to align data
from the lowest bit, regardless of whether the first transfer bit is MSB or LSB. Any data can be set to the unused
higher bits, but in this case the data received after a serial transfer operation becomes 0.

Figure 11-6. When Transfer Bit Length Other Than 16 Bits Is Set

(a) When transfer bit length is 10 bits and MSB first

S04 Sl4

15 10 9 0

L Fixedto O

(b) When transfer bit length is 12 bits and LSB first

Sl4 SO4
15 12 11 0

Fixedto O
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11.3.2 CSI4 control registers
CSl4 is controlled by the following registers.

¢ Variable-length serial control register 4 (CSIM4)
e Variable-length serial setting register 4 (CSIB4)
e Baud rate generator source clock select register 4 (BRGCN4)
e Baud rate generator output clock select register 4 (BRGCK4)

(1) Variable-length serial control register 4 (CSIM4)
This register is used to enable or disable the serial clock, operation modes, and specific operations of serial
interface channel 4.
CSIM4 can be set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets CSIM4 to 00H.

After reset: 00H R/W Address: FFFFF2E2H
<7> 6 5 4 3 2 1 0
CSIM4 CSIE4 0 0 0 0 MODE4 0 SCL4
CSIE4 SI04 operation enable/disable specification
Shift register operation Serial counter Port

0 Operation disabled Clear Port function"*’
1 Operation enabled Count operation enabled Serial function + port function"***

MODE4 Transfer operation mode flag

Operation mode Transfer start trigger SO4 output
0 Transmit/receive mode S104 write Normal output
1 Receive-only mode S104 read Port function
SCL4 Clock selection

0 External clock input (m)
1 BRG (Baud rate generator)

Notes 1. The Sl4, SO4, and SCK4 pins are used as port function pins when CSIE4 = 0 (SIO4 operation
disabled state).
2. When CSIE4 = 1 (SIO4 operation enable state), the port function is available only for the Sl4 pin
when only using the transmit function and to SO4 pin when using the receive-only function.
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(2) Variable-length serial setting register 4 (CSIB4)
This register is used to set the operation format of serial interface channel 4.

The bit length of a variable register is set by setting bits 3 to 0 (BSEL3 to BSELO) of variable-length serial setting

register 4. Data is transferred MSB first when bit 4 (DIR) is 1, and is transferred LSB first when DIR is 0.
CSIB4 can be set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets CSIB4 to 00H.

After reset:

CsSiB4

00H R/W Address: FFFFF2E4H

7 <6> <5> <4> 3 2 1 0
0 CMODE DMODE DIR BSEL3 BSEL2 BSEL1 BSELO

CMODE DMODE SCK4 active level Sl4 interrupt timing SO4 output timing
0 0 Low level Rising edge of SCK4 Falling edge of SCK4
0 1 Low level Falling edge of SCK4 Rising edge of SCK4
1 0 High level Falling edge of SCK4 Rising edge of SCK4
1 1 High level Rising edge of SCK4 Falling edge of SCK4

DIR Serial transfer direction

0 LSB first
1 MSB first

BSEL3 BSEL2 BSEL1 BSELO Bit length of serial register
0 0 0 0 16 bits
1 0 0 0 8 bits
1 0 0 1 9 bits
1 0 1 0 10 bits
1 0 1 1 11 bits
1 1 0 0 12 bits
1 1 0 1 13 bits
1 1 1 0 14 bits
1 1 1 1 15 bits

Other than above

Setting prohibited
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(3) Baud rate generator source clock select register 4 (BRGCN4)
BRGCN4 is set by an 8-bit memory manipulation instruction.
RESET input sets BRGCN4 to 00H.

After reset:

BRGCN4

336

00H R/W Address: FFFFF2E6H

7 6 5 4 3 2 1 0
0 0 0 0 0 BRGN2 BRGN1 BRGNO

BRGN2 BRGN1 BRGNO Source clock (fsck) n
0 0 0 fxx 0
0 0 1 fxx/2 1
0 1 0 fxx/4 2
0 1 1 fxx/8 3
1 0 0 fxx/16 4
1 0 1 fxx/32 5
1 1 0 fxx/64 6
1 1 1 fxx/128 7
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(4) Baud rate generator output clock select register 4 (BRGCK4)
BRGCK4 is set by an 8-bit memory manipulation instruction.
RESET input sets BRGCK4 to 7FH.

After reset: 7FH R/W Address: FFFFF2E8H
7 6 5 4 3 2 1 0
BRGCK4 0 BRGK6 BRGK5 BRGK4 BRGK3 BRGK2 BRGK1 BRGKO
BRGK6 | BRGK5 | BRGK4 | BRGK3 | BRGK2 | BRGK1 | BRGKO Baud rate output clock k
0 0 0 0 0 0 0 Setting prohibited 0
0 0 0 0 0 0 1 fsck/2 1
0 0 0 0 0 1 0 fsck/4 2
0 1 0 3 0 1 1 fsck/6 3
1 1 1 1 1 1 0 fsck/252 126
1 1 1 1 1 1 1 fsck/254 127

The baud rate transmit/receive clock that is generated is obtained by dividing the main clock.

¢ Generation of baud rate transmit/receive clock using main clock
The transmit/receive clock is obtained by dividing the main clock. The following equation is used to obtain
the baud rate from the main clock.

<When 1 <k <127>

[Baud rate] = S . S— [Hz]

2"x kx2

fxx:  Main clock oscillation frequency
n:  Value set by BRGN2 to BRGNO (0 <n <7)
k:  Value set by BRGK6 to BRGKO (1 <k £127)

Caution Do not use the baud rate transmit/receive clock of CSI4 with a transfer rate higher

than the CPU operation clock. If used with a transfer rate higher than the CPU
operation clock, transfer cannot be performed correctly.
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11.3.3 Operations

CSl4 has the following two operation modes.

e Operation stopped mode
e 3-wire serial I/O mode

(1) Operation stopped mode

In this mode, serial transfers are not performed, thus enabling a reduction in power consumption.
In operation stopped mode, the SI4, SO4, and SCK4 pins can be used as normal I/O port pins.

(a) Register settings

Operation stopped mode is set via the CSIE4 bit of variable-length serial control register 4 (CSIM4). When

CSIE4 = 0 (S104 operation stop state), the pins connected to Sl4, SO4, or SCK4 function as port pins.

Figure 11-7. CSIM4 Setting (Operation Stopped Mode)

After reset: 00H R/W Address: FFFFF2E2H
<7> 6 5 4 3 2 1 0
CSIM4 CSIE4 0 0 0 0 MODE4 0 SCL4
CSIE4 SI04 operation enable/disable specification
Shift register operation Serial counter Port
0 Operation disabled Cleared Port function

338
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(2) 3-wire serial /0 mode
3-wire serial /0 mode is useful when connecting to devices such as peripheral I/O that include a clocked serial
interface, and display controllers.
This mode executes data transfers via three lines: a serial clock line (SCK4), a serial output line (SO4), and a
serial input line (S14).

(a) Register settings
3-wire serial I/O mode is set by the variable-length serial control register 4 (CSIM4).

Figure 11-8. CSIM4 Setting (3-Wire Serial /0 Mode)

After reset: 00H R/W Address: FFFFF2E2H
<7> 6 5 4 3 2 1 0
CSIM4 CSIE4 0 0 0 0 MODE4 0 SCL4
CSIE4 S104 operation enable/disable specification
Shift register operation Serial counter Port

1 Operation enabled Count operation enabled Serial function + port function

MODE4 Transfer operation mode flag
Operation mode Transfer start trigger SO4 output

0 Transmit/receive mode Write to SI04 Normal output

1 Receive-only mode Read from S104 Port function
SCL4 Clock selection

0 External clock input (SCK4)

1 BRG (Baud rate generator)
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The bit length of a variable-length register is set by setting bits 3 to 0 (BSELS3 to BSELO) of CSIB4. Data is

transferred MSB first when bit 4 (DIR) is 1, and is transferred LSB first when DIR is 0.

After reset:

CsSiB4

340

Figure 11-9. CSIB4 Setting (3-Wire Serial /O Mode)

00H R/W Address: FFFFF2E4H

7 <6> <5> <4> 3 2 1 0
0 CMODE DMODE DIR BSEL3 BSEL2 BSEL1 BSELO

CMODE DMODE SCK4 active level Sl4 interrupt timing SO4 output timing
0 0 Low level Rising edge of SCK4 Falling edge of SCK4
0 1 Low level Falling edge of SCK4 Rising edge of SCK4
1 0 High level Falling edge of SCK4 Rising edge of SCK4
1 1 High level Rising edge of SCK4 Falling edge of SCK4

DIR Serial transfer direction

0 LSB first
1 MSB first

BSEL3 BSEL2 BSEL1 BSELO Bit length of serial register
0 0 0 0 16 bits
1 0 0 0 8 bits
1 0 0 1 9 bits
1 0 1 0 10 bits
1 0 1 1 11 bits
1 1 0 0 12 bits
1 1 0 1 13 bits
1 1 1 0 14 bits
1 1 1 1 15 bits

Other than above

Setting prohibited
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(b) Communication operations
In 3-wire serial I/O mode, data is transmitted and received in 8 to 16-bit units, specified by setting bits 3 to 0
(BSEL3 to BSELO) of variable-length serial setting register 4 (CSIB4). Each bit of data is transmitted or
received in synchronization with the serial clock.
After transfer of all bits is completed, SIO4 stops operation automatically and the interrupt request flag
(INTCSI4) is set.
Bits 6 and 5 (CMODE and DMODE) of variable-length serial setting register 4 (CSIB4) can be used to
change the attribute of the serial clock (SCK4) and the phases of serial data (SI4 and SO4).

Figure 11-10. Timing of 3-Wire Serial /0 Mode

SCK4 (CMODE = 0) LT LT L L L L L
SCK4 (CMODE = 1) L L L L L

SI04 (Write)
soaomobE=0) -------{__ X X X X X __X__X
S Y
SO4 (DMODE =1) - - X X X ) ) ) ) L ___
SN T S T Y N
INTCSI4

Remark The arrows show the Sl4 data fetch timing.

When CMODE = 0, the serial clock (SCK4) stops at a high level during the operation stop, and outputs a low
level during a data transfer operation. When CMODE = 1, on the other hand, SCK4 stops at a low level
during the operation stop and outputs a high level during a data transfer operation.

The phases of the SO4 output timing and the S14 fetch timing can be shifted half a clock by setting DMODE.

However, the interrupt signal (INTCSI4) is generated at the final edge of the serial clock (SCK4), regardless
of the setting of CSIB4.
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(c) Transfer start
A serial transfer becomes possible when the following two conditions have been satisfied.

¢ The SIO4 operation control bit (CSIE4) = 1
o After a serial transfer, the internal serial clock is stopped.

Serial transfer starts when the following operation is performed after the above two conditions have been
satisfied.

¢ Transmit and transmit/receive mode (MODE4 = 0)
Transfer starts when writing to S104.

¢ Receive-only mode (MODE4 = 1)
Transfer starts when reading from SIO4.

Caution After data has been written to SIO4, transfer will not start even if the CSIE4 bit value is
setto 1.

Completion of the final-bit transfer automatically stops the serial transfer operation and sets the interrupt
request flag (INTCSI4).

Figure 11-11. Timing of 3-Wire Serial I/0 Mode (When CSIB4 = 08H)

SCK4 (CMODE=0) |1 2 3 4 5 6 7 8
SO4 (DMODE = Q) e s X X X X ¥ ¥ Vwss
ISP R— s X X X ¥ )(M|SB
INTCSI4

Transfer end

Remark CSIB4 = 08H (CMODE =0, DMODE = 0, DIR = 0, BSEL3 to BSELO = 1000)
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11.4 3-Wire Serial I/0 (CSI5, CSI6): 8 or 16 Bits
11.4.1 Features

e High-speed transfer: Maximum 4 Mbps
o Half-duplex communications
e Master mode or slave mode can be selected
e Transmit data length: 8 bits or 16 bits can be set
¢ Transfer data direction can be switched between MSB first and LSB first
e Eight clock signals can be selected (7 master clocks and 1 slave clock)
e 3-wire type SOn:  Serial transmit data output
Sin: Serial receive data input
SCKn: Serial clock I/O
o |Interrupt sources: 1 type
¢ Transmission/reception completion interrupt (INTCSIn)
e Transmit/receive mode and receive-only mode can be specified
e Two transmit buffers (SOTBFn/SOTBFLn, SOTBn/SOTBLn) and two receive buffers (SIRBn/SIRBLn,
SIRBEN/SIRBELN) are provided on chip
¢ Single transfer mode and repeat transfer mode can be specified

Caution When using P120/SCK5, P121/SI5, and P122/SO5 for CSI5 transmission/reception and
P123/SCK6, P124/S16, and P125/S06 for CSI6 transmission/reception, set the CSI5 pin function
(SCK5, SI5, SO5) and CSI6 pin function (SCK6, SI6, SO6) using port alternate-function control
register 2 (PAC2) (refer to 5.2.11 (2) (b) Port alternate-function register 2 (PAC2) and 5.3 Setting
When Port Pin Is Used for Alternate Function).

Remark n=5,6
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11.4.2 Configuration
CSiIn includes the following hardware (n = 5, 6).

Table 11-3. CSIn Configuration

ltem Configuration
Registers Serial I/O shift register n, Ln (SIOn, SIOLn)
Control registers Clocked serial interface mode register n (CSIMn)

Clocked serial interface clock select register n (CSICKn)

Clocked serial interface receive buffer register n, Ln (SIRBn, SIRBLn)

Clocked serial interface read-only receive buffer register n, Ln (SIRBEn, SIRBELnN)
Clocked serial interface transmit buffer register n, Ln (SOTBn, SOTBLn)

Clocked serial interface initial transmit buffer register (SOTBFn, SOTBFLn)

Remark n=5,6

Figure 11-12. Block Diagram of 3-Wire Serial I/O (CSI5, CSI6)

bod4 Serial clock controller
fxx/8 ————=
/16— (O SCKn
fxx/32 Clock start/stop control
Selector &
bod64 clock phase control oot
fin/128 ——= Heortolar = INTCSIn
fxx/256 ————=
SCKn ——~
Transmission control
Transmit data control J Control signal

Initial transmit

buffer register SO selection —————(O) SOn

(SOTBFn/SOTBFLN)

Transmit
buffer register

(SOTBn/SOTBLnN)

Shift register
(SIOn/SIOLN) SO latch

U

Receive buffer register
(SIRBn/SIRBLnN)

Sin

Remark n=5,6
fxx: Main clock frequency
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Transmission/reception of data is performed by the SIOn register (n =0, 1).

(1) Serial I/O shift register n (SIOn)
The SIOn register is a 16-bit shift register that converts parallel data into serial data, and is used for both
transmission and reception.
Data is shifted in (reception) and shifted out (transmission) from the MSB or LSB side.
The actual transmit/receive operations are started up by accessing the buffer register.

Remark n=5,6

(2) Serial I/O shift register Ln (SIOLn)
The SIOLnN register is an 8-bit shift register that converts parallel data into serial data, and is used for both
transmission and reception.
Data is shifted in (reception) and shifted out (transmission) from the MSB or LSB side.
The actual transmit/receive operations are started up by accessing the buffer register.

Remark n=5,6

(3) Selector
The selector selects the serial clock to be used.

(4) Serial clock controller
The serial clock controller controls the serial clock supply to the shift register, as well as the clock output to the
SCKn pin when the internal clock is used.

(5) Serial clock counter
The serial clock counter counts the serial clock output or input during transmission/reception, and checks

whether 8-bit or 16-bit data transmission/reception has been performed.

(6) Interrupt controller
The interrupt controller controls the interrupt request timing.
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11.4.3 Control registers
CSin is controlled by the following registers (n = 5, 6).

o Clocked serial interface mode register n (CSIMn)

¢ Clocked serial interface clock select register n (CSICKn)

¢ Clocked serial interface receive buffer register n, Ln (SIRBn, SIRBLn)

¢ Clocked serial interface read-only receive buffer register n, Ln (SIRBEn, SIRBELN)
¢ Clocked serial interface transmit buffer register n, Ln (SOTBn, SOTBLn)

¢ Clocked serial interface initial transmit buffer register n, Ln (SOTBFn, SOTBFLn)

(1) Clocked serial interface mode registers 5, 6 (CSIM5, CSIM6)
These registers control CSIn operations (n =5, 6).
CSIMn can be set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets these registers to 00H.

Caution The TRMDn, CCLn, DIRn, CSITn, and AUTOn bits of the CSIMn register can be overwritten

only when the CSOTn bit = 0. If these bits are overwritten at any other time, the operation
cannot be guaranteed.
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After reset:

CSIMn

(n=5,6)

00H R/W Address: FFFFF240H, FFFFF260H
7 6 5 4 3 2 0
CSIEn TRMDn CCLn DIRn CSITn AUTON CSOTn™*
CSIEn CSiIn operation enable/disable specification
0 CSIn operation enabled

1

CSIn operation disabled

The internal CSIn circuit can be reset asynchronously by setting the CSIEn bit to 0. For the SCKn and SOn pin

output status when the CSIEn bit = 0, refer to 11.6.5 Output pins.

TRMDn

Transmission/reception mode specification

0

Receive-only mode

1

Transmit/receive mode

When the TRMDn bit = 0, receive-only transfer is performed and the SOn pin output is fixed to low level. Data

reception is started by reading the SIRBn register.

When the TRMDn bit = 1, transmission/reception is started by writing data to the SOTBn register.

CCLn Data length specification
0 8 bits
1 16 bits
DIRn Transfer direction mode (MSB/LSB) specification
0 First bit of transfer data is MSB
1 First bit of transfer data is LSB
CSITn Delay of interrupt request signal control
0 No delay
1 Delay mode (interrupt request signal is delayed 1/2 cycle).
AUTOn Single transfer mode or repeat transfer mode specification
0 Single transfer mode
1 Repeat transfer mode
CSOTn Flag indicating transfer status
0 Idle status

Transfer execution status

Note Bit 0 (CSOTn) can only be read.

Cautions 1.

The delay mode (CSITn bit = 1) is valid only in the master mode (CKSn2 to CSKn0 bits of

the CSICKn register are not 111B). In the slave mode (CKSn2 to CKSnO bits are 111B),
do not set the delay mode.

2. The CSOTn bit is cleared (0) by writing 0 to the CSIEn bit.
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(2) Clocked serial interface clock select registers 5, 6 (CSICK5, CSICKG6)
The CSICKn register is an 8-bit register that controls the CSin transfer operation (n = 5, 6).
CSICKn can be set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets these registers to 00H.

Caution The CSICKn register can be overwritten only when the CSIE bit of the CSIMn register = 0.

After reset: OOH R/W Address: FFFFF242H, FFFFF262H
7 6 5 4 3 2 1 0
CSICKn 0 0 0 CKPn DAPn CKSn2 CKSn1 CKSno
(n=5, 6)
CKPn DAPn Operation mode
0 0 scknwo) — LML LI LI LML LI
SOn (output) {DO7XDOEADOEXDO4RDO3XDOZXDO1XDO0
Sin (input) {DI7 X DI6 X DI5 X Di4 X DI3 X DI2 X DIt X DIo
0 1 sokmeo) LI LML L LML
SOn (output) __XDOZXDO6XDO5XDO4XDO3XDO2XDO1XDO0
Sin (input) __XDI7 X DI6 X DI5 X DI4 X DI3 X Di2 X DI1 X DI0
1 0 sckno) [T LML LML
SOn (output) (DO7XDO6XDO5XDO4XDO3XDO2XDO1XDO0
Sin (input) (DI7 X DI6 X DI5 X Di4 X DI3 X DI2 X DI1 X Do
1 1 somuo LML
SOn (output) _ XDO7XDOBXDO5XDO4XDO3XDO2XDO1XDO0
Sin (input) __XDI7 X DI6 X DI5 X Di4 X DI3 X Di2 X DI1 X DI0
CKSn2 CKSn1 CKSn0 Input clock selection Mode
0 0 0 fxx/4 Master mode
0 0 1 xx/8 Master mode
0 1 0 fxx/16 Master mode
0 1 1 fxx/32 Master mode
1 0 0 fxx/64 Master mode
1 0 1 fxx/128 Master mode
1 1 0 fxx/256 Master mode
1 1 1 External clock (SCKn) Slave mode

Remark fxx: Main clock frequency
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(3) Clocked serial interface receive buffer registers 5, 6 (SIRB5, SIRB6)
The SIRBn register is a 16-bit buffer register that stores receive data.
When the receive-only mode is set (TRMDn bit of CSIMn register = 0), reception is started by reading data
from the SIRBn register (n = 5, 6).
SIRBn is set by a 16-bit memory manipulation instruction.
RESET input sets these registers to 0000H.
In addition to RESET input, these registers can also be initialized by clearing (0) the CSIEn bit of the CSIMn
register.

After reset: 0000H R Address: FFFFF244H, FFFFF264H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SIRBn SIRB | SIRB | SIRB | SIRB | SIRB | SIRB | SIRB | SIRB | SIRB | SIRB | SIRB | SIRB | SIRB | SIRB | SIRB | SIRB
ni5 | n14 | n13 | n12 | ni1 n10 n9 n8 n7 n6é n5 n4 n3 n2 ni n0

(n=5,6)

Cautions 1. Read the SIRBn register only when a data length of 16 bits has been set (CCLn bit of
CSIMn register = 1).
2. When the single transfer mode has been set (AUTOn bit of CSIMn register = 0), perform
a read operation only in the idle state (CSOTn bit of CSIMn register = 0). If the SIRBn
register is read during data transfer, the data cannot be guaranteed.

(4) Clocked serial interface receive buffer registers L5, L6 (SIRBL5, SIRBL6)
The SIRBLn register is an 8-bit buffer register that stores receive data.
When the receive-only mode is set (TRMDn bit of CSIMn register = 0), reception is started by reading data
from the SIRBLn register.
SIRBLn is set by an 8-bit memory manipulation instruction (n = 5, 6).
RESET input sets these registers to 00H.
In addition to RESET input, these registers can also be initialized by clearing (0) the CSIEn bit of the CSIMn
register.
The SIRBLn register is the same as the lower bytes of the SIRBn register.

After reset: OO0H R Address: FFFFF246H, FFFFF266H
7 6 5 4 3 2 1 0
SIRBLn SIRBn7 SIRBn6 SIRBn5 SIRBn4 SIRBn3 SIRBn2 SIRBn1 SIRBnO
(n=5,6)

Cautions 1. Read the SIRBLn register only when a data length of 8 bits has been set (CCLn bit of
CSIMn register = 0).
2. When the single transfer mode is set (AUTOnN bit of CSIMn register = 0), perform a read
operation only in the idle state (CSOTn bit of CSIMn register = 0). If the SIRBLn register
is read during data transfer, the data cannot be guaranteed.
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(5) Clocked serial interface read-only receive buffer registers 5, 6 (SIRBE5, SIRBE6)
The SIRBERN register is a 16-bit buffer register that stores receive data.
SIRBEN is set by a 16-bit memory manipulation instruction (n = 5, 6).
RESET input sets these registers to 0000H.
In addition to RESET input, these registers can also be initialized by clearing (0) the CSIEn bit of the CSIMn
register.
The SIRBEN register is the same as the SIRBn register. It is used to read the contents of the SIRBn register.

After reset:  0000H R Address: FFFFF24CH, FFFFF26CH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SIRBEnNn SIRBE|SIRBE|SIRBE|SIRBE|SIRBE|SIRBE|SIRBE|SIRBE(SIRBE|SIRBE|SIRBE|SIRBE(SIRBE|SIRBE|SIRBE(SIRBE
ni5 | n14 | n13 | n12 | ni1 n10 n9 n8 n7 n6é n5 n4 n3 n2 ni n0

(n=5,6)

Cautions 1. A receive operation is not started even if data is read from the SIRBEn register.
2. The SIRBEN register can be read only if a data length of 16 bits is set (CCLn bit of
CSIMn register = 1).

(6) Clocked serial interface read-only receive buffer registers L5, L6 (SIRBEL5, SIRBELG6)
The SIRBELn register is an 8-bit buffer register that stores receive data.
SIRBELnN is set by an 8-bit or 1-bit memory manipulation instruction (n = 5, 6).
RESET input sets these registers to O0H.
In addition to RESET input, these registers can also be initialized by clearing (0) the CSIEn bit of the CSIMn

register.
The SIRBELn register is the same as the SIRBLn register. It is used to read the contents of the SIRBLn
register.

After reset: O00H R Address: FFFFF24EH, FFFFF26EH

7 6 5 4 3 2 1 0

SIRBELnN SIRBEn7 SIRBEN6 SIRBEN5 SIRBEn4 SIRBEN3 SIRBEN2 SIRBEN1 SIRBENO

(n=5,6)

Cautions 1. A receive operation is not started even if data is read from the SIRBELn register.
2. The SIRBELN register can be read only if a data length of 8 bits has been set (CCLn bit
of CSIMn register = 0).
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(7) Clocked serial interface transmit buffer registers 5, 6 (SOTB5, SOTB6)
The SOTBn register is a 16-bit buffer register that stores transmit data.
When the transmit/receive mode is set (TRMDn bit of CSIMn register = 1), transmission is started by writing
data to the SOTBn register (n = 5, 6).
SOTBn is set by a 16-bit memory manipulation instruction.
RESET input sets these registers to 0000H.

After reset: 0000H R/W Address: FFFFF248H, FFFFF268H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOTBn SOTB|SOTB|SOTB|SOTB|SOTB|SOTB|SOTB|SOTB|SOTB|SOTB|SOTB|SOTB|SOTB|SOTB|SOTB|SOTB
n15 | n14 | n13 | n12 | ni1 n10 n9 n8 n7 n6é n5 n4 n3 n2 ni n0

(n=5,6)

Cautions 1. Access the SOTBn register only when a data length of 16 bits is set (CCLn bit of CSIMn
register = 1).
2. When the single transfer mode is set (AUTOnN bit of CSIMn register = 0), perform access
only in the idle state (CSOTn bit of CSIMn register = 0). If the SOTBn register is
accessed during data transfer, the data cannot be guaranteed.

(8) Clocked serial interface transmit buffer registers L5, L6 (SOTBL5, SOTBL6)
The SOTBLn register is an 8-bit buffer register that stores transmit data.
When the transmit/receive mode is set (TRMDn bit of CSIMn register = 1), transmission is started by writing
data to the SOTBLn register (n = 5, 6).
SOTBLn is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets these registers to 00H.
The SOTBLn register is the same as the lower bytes of the SOTBn register.

After reset: 00H R/W Address: FFFFF24AH, FFFFF26AH

7 6 5 4 3 2 1 0
SOTBLn SOTBn7 SOTBn6 SOTBn5 SOTBn4 SOTBn3 SOTBn2 SOTBn1 SOTBnO
(n=5,6)

Cautions 1. Access the SOTBLn register only when a data length of 8 bits has been set (CCLn bit of
CSIMn register = 0).
2. When the single transfer mode is set (AUTOn bit of CSIMn register = 0), perform access
only in the idle state (CSOTn bit of CSIMn register = 0). If the SOTBLn register is
accessed during data transfer, the data cannot be guaranteed.
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(9) Clocked serial interface initial transmit buffer registers 5, 6 (SOTBF5, SOTBF6)
The SOTBFn register is a 16-bit buffer register that stores the initial transmit data in the repeat transfer mode.
Transmission is not started even if data is written to the SOTBFn register (n = 5, 6).
SOTBFn can be set by a 16-bit memory manipulation instruction.
RESET input sets these registers to 0000H.

After reset: 0000H R/W Address: FFFFF250H, FFFFF270H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOTBFn SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF|SOTBF
n15 ni4 n13 n12 nit n10 n9 n8 n7 né n5 n4 n3 n2 n1 no

(n=5,6)

Caution Access the SOTBFn register only when a data length of 16 bits has been set (CCLn bit of
CSIMn register = 1), and only in the idle state (CSOTn bit of CSIMn register = 0). If the
SOTBFn register is accessed during data transfer, the data cannot be guaranteed.

(10) Clocked serial interface initial transmit buffer registers L5, L6 (SOTBFL5, SOTBFL6)
The SOTBFLn register is an 8-bit buffer register that stores the initial transmit data in the repeat transfer mode.
Transmission is not started even if data is written to the SOTBFLn register (n = 5, 6).
* SOTBFLn is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets these registers to 00H.
The SOTBFLn register is the same as the lower bytes of the SOTBFn register.

After reset: O0H R/W Address: FFFFF252H, FFFFF272H
7 6 5 4 3 2 1 0

SOTBFLn SOTBFn7 SOTBFn6 SOTBFn5 SOTBFn4 SOTBFn3 SOTBFn2 SOTBFn1 SOTBFNnO

(n=5,6)
Caution Access the SOTBFLn register only when a data length of 8 bits has been set (CCLn bit of

CSIMn register = 0), and only in the idle state (CSOTn bit of CSIMn register = 0). If the
SOTBFLn register is accessed during data transfer, the data cannot be guaranteed.
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(11) Serial I/O shift registers 5, 6 (SI05, SIO6)
The SIOn register is a 16-bit shift register that converts parallel data into serial data.
Data is shifted in (received) or shifted out (transmitted) starting from MSB or LSB.
Transfer is not started even if the SIOn register is read (n = 5, 6).
SIOn is set by a 16-bit memory manipulation instruction.
RESET input sets these registers to 0000H.
In addition to RESET input, these registers can also be initialized by clearing (0) the CSIEn bit of the CSIMn

register.
After reset: 0000H R Address: FFFFF254H, FFFFF274H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SIOn SIO | SIO | SIO | SIO|SIO|SIO|SIO|SIO|SIO|SIO|SIO|SIO|SIO|SIO|SIO|SIO
ni5 | n14 | n13 | n12 | n11 | n10 n9 n8 n7 né n5 n4 n3 n2 ni n0
(n=5,6)

Caution Access the SIOn register only when a data length of 16 bits has been set (CCLn bit of CSIMn
register = 1), and only in the idle state (CSOTn bit of CSIMn register = 0). If the SIOn register
is accessed during data transfer, the data cannot be guaranteed.

(12) Serial I/O shift registers L5, L6 (SIOL5, SIOL6)
The SIOLn register is an 8-bit shift register that converts parallel data into serial data.
Data is shifted in (received) or shifted out (transmitted) starting from MSB or LSB.
Transfer is not started even if the SIOLn register is read (n = 5, 6).
SIOLn is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets these registers to 00H.
In addition to RESET input, these registers can also be initialized by clearing (0) the CSIEn bit of the CSIMn
register.
The SIOLn register is the same as the lower bytes of the SIOn register.

After reset: 00H R Address: FFFFF256H, FFFFF276H
7 6 5 4 3 2 1 0
SIOLn SIOn7 SIOn6 SIOn5 SIOn4 SIOn3 SIOon2 SIOnt SIOn0
(n=5,6)

Caution Access the SIOLn register only when a data length of 8 bits has been set (CCLn bit of CSIMn
register = 0), and only in the idle state (CSOTn bit of CSIMn register = 0). If the SIOLn
register is accessed during data transfer, the data cannot be guaranteed.
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11.4.4 Operation
CSiIn is has the following two operation modes (n = 5, 6).

e Single transfer mode
¢ Repeat transfer mode

(1) Single transfer mode

354

(a) Usage

" 1 the receive

In the receive-only mode (TRMDn bit of CSIMn register = 0), transfer is started by reading
data buffer register (SIRBn/SIRBLn) (n =5, 6).

In the transmit/receive mode (TRMDn bit of CSIMn register = 1), transfer is started by writing"*® * to the
transmit data buffer register (SOTBn/SOTBLn).

In the slave mode, operation must be enabled beforehand (CSIEn bit of CSIMn register = 1).

When transfer is started, the value of the CSOTn bit of the CSIMn register becomes 1 (transmission
execution status).

Upon transfer completion, the transmission/reception completion interrupt (INTCSIn) is set (1), and the

CSOTn bit is cleared (0). The next data transfer request is then waited for.

Notes 1. When a data length of 16 bits (CCLn bit of CSIMn register = 1) has been set, read the SIRBn
register. When a data length of 8 bits (CCLn bit of CSIMn register = 0) has been set, read the
SIRBLn register.
2. When a data length of 16 bits (CCLn bit of CSIMn register = 1) has been set, write to the
SOTBnN register. When a data length of 8 bits (CCLn bit of CSIMn register = 0) has been set,
write to the SOTBLn register.

Caution When the CSOTn bit of the CSIMn register = 1, do not manipulate the CSIn register.
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Figure 11-13. Timing Chart in Single Transfer Mode (1/2)

(a) In transmit/receive mode, data length: 8 bits, transfer direction: MSB first, no interrupt delay,
single transfer mode, operation mode: CKPn bit = 0, DAPn bit = 0

SCKn
(1/0)

SOn
(output)

Sin
(input)

Reg_R/W IWrite 55H to SOTBLn re%ister ; ; ; ; .
' L N

N -

Sg;‘ztlér: / X/ /:) \\ \\\\ \\ : 55II-| (':rar;smit (Ijat;\) : \\\ ; '
re-sg:;gtl_er:( X ABH X} 56H X}ADH X}SAH X} B5H X}GAH X} D5H %@
)/
| o

SIRBLn
register

[
CSOTn \

bit

INTCSIn
interrupt

Remarks 1. n=5,6

2. Reg_R/W: Internal signal. This signal indicates that receive data buffer register (SIRBn/SIRBLn)

read or transmit data buffer register (SOTBn/SOTBLnN) write was performed.
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Figure 11-13. Timing Chart in Single Transfer Mode (2/2)

(b) In transmit/receive mode, data length: 8 bits, transfer direction: MSB first, no interrupt delay,
single transfer mode, operation mode: CKPn bit = 0, DAPn bit = 1

SCKn
(/0)
on = L .| - L
(output) N 0 1 5 \0 5 1 5 1 5 \0 | 1 E(55H:)
”* b e | i
Sin ! T ! ' '
(input) U 17 0 0 0 (AAH)
Reg_R/W erte 55H to SOTBLn reglster : : : : : : :

e
Sr(e));ilztl_e r; %’/ ) \\ \\ \\ 55H (transmlt datazi \\ \\ \ \
rjg'gt';'; F neH X; 56H X* ADH X; 5AH X* BSH X; 6AH X} D5H %@

//
AAH

SIRBLn
register

[
CSOTn \

bit

INTCSIn
interrupt

Remarks 1. n=5,6
2. Reg_R/W: Internal signal. This signal indicates that receive data buffer register (SIRBn/SIRBLn)
read or transmit data buffer register (SOTBn/SOTBLnN) write was performed.
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(b) Clock phase selection
The following shows the timing when changing the conditions for clock phase selection (CKPn bit of
CSICn register) and data phase selection (DAPnN bit of CSICn register) under the following conditions.

e Data length = 8 bits (CCLn bit of CSIMn register = 0)
¢ First bit of transfer data = MSB (DIRn bit of CSIMn register = 0)

¢ No interrupt request signal delay control (CSITn bit of CSIMn register = 0)

Figure 11-14. Timing Chart According to Clock Phase Selection (1/2)

(a) When CKPn bit = 0, DAPn bit = 0

SCKn (1/0)
Sin(inputy + | X DIZ/X D6 X DI5 X DI4 X DI3 X DI2 X DI X DIo
SOn (output) | X DO7 )X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DOO

Reg_R/W J-l '

INTCSIn interrupt | ¢

csoTnbit | |'

(b) When CKPn bit = 1, DAPn bit = 0

SCKn (I/0)
SIn (input) [ X D17} Di6 X DI5 X DI4 X DI3 X DI2 X DIt X DIO
SOn (output) \X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 XDOO
Reg_R/W J_l 5
INTCSIn interrupt | | I_
CSOTn bit _| |_

Remarks 1. n=5,6
2. Reg_R/W: Internal signal. This signal indicates that receive data buffer register (SIRBn/SIRBLn)
read or transmit data buffer register (SOTBn/SOTBLn) write was performed.
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Figure 11-14. Timing Chart According to Clock Phase Selection (2/2)

(c) When CKPn bit =0, DAPn bit =1

SCKn (I/0)
Sin (input) :X D|7J[ X Di6 X DI5 X DI4 X DI3 X DI2 X DI1 X DIo X
SOn (output) ?ﬁ DO7 ‘X D06 Y D05 { D04 Y D03 Y DO2) DO XDooX

Reg_R/W :
INTCSIn interrupt _l : |_
csoTnbit | i

(d) When CKPn bit = 1, DAPn bit = 1

SCKn (1/0)
Sin (input) :X D|7J[ X D6 X DI5 X Di4 X DI3 X DI2 X DI1 X DIo X
SOn (output) _zf DO7 ‘X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 XDooX
Reg R/W ?ﬁ .
INTCSIn interrupt | | I_
CSOTn bit _| |_

Remarks 1. n=5,6
2. Reg_R/W: Internal signal. This signal indicates that receive data buffer register (SIRBn/SIRBLn)
read or transmit data buffer register (SOTBn/SOTBLn) write was performed.
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(c) Transmission/reception completion interrupt request signals (INTCSI5, INTCSI6)
INTCSIn is set (1) upon completion of data transmission/reception.

Caution The delay mode (CSITn bit = 1) is valid only in the master mode (bits CKSn2 to CKSn0 of

the CSICKn register are not 111B). The delay mode cannot be set when the slave mode is
set (bits CKSn2 to CKSn0 = 111B).

Figure 11-15. Timing Chart of Interrupt Request Signal Output in Delay Mode (1/2)

(@) When CKPn bit =0, DAPn bit=0

Input clock —|
SCKn (I/0) }
Sin (input) / X Bﬁx DI6 X DI5 X Dl4 X DI3 X DI2 X DI1 X DIO
|
SOn (output) \X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO X DOO
Reg_R/W J
INTCSIn -
interrupt
CSOTn bit
T Delay — f——

Remarks 1. n=5,6
2. Reg_R/W: Internal signal. This signal indicates that receive data buffer register (SIRBn/SIRBLn)
read or transmit data buffer register (SOTBn/SOTBLN) write was performed.
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Figure 11-15. Timing Chart of Interrupt Request Signal Output in Delay Mode (2/2)

(b) When CKPn bit = 1, DAPn bit = 1

Input clock J

SCKn (I/0) \\

|

Sin (input) DI7

o

SOn (output)

Reg_R/W |

INTCSIn
interrupt

o
]
> <K
o)
> <K
9
> <K
9
w
> <K
S
> <K
9
> <K
o)

CSOTn bit

Delay —= -

Remarks 1. n=5,6
2. Reg_R/W: Internal signal. This signal indicates that receive data buffer register (SIRBn/SIRBLn)
read or transmit data buffer register (SOTBn/SOTBLn) write was performed.
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(2) Repeat transfer mode

(a) Usage (receive-only)

<1>

<2>
<3>

<4>

<5>

<6>

Set the repeat transfer mode (AUTOn bit of CSIMn register = 1) and the receive-only mode (TRMDn
bit of CSIMn register = 0).

Read SIRBnN register (start transfer with dummy read).

Wait for transmission/reception completion interrupt request (INTCSIn).

When the transmission/reception completion interrupt request (INTCSIn) has been set (1), read the
SIRBn register'™ (reserve next transfer).

Repeat steps <3> and <4> (N - 2) times. (N: Number of transfer data)

Following output of the last transmission/reception completion interrupt request (INTCSIn), read the

Note

SIRBEN register and the SIOn register .
Note When transferring N number of data, receive data is loaded by reading the SIRBn register

from the first data to the (N — 2)th data. The (N — 1)th data is loaded by reading the SIRBEn
register, and the Nth (last) data is loaded by reading the SIOn register.
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Figure 11-16. Repeat Transfer (Receive-Only) Timing Chart

SIRBEN (d4)

register

SCKn (1/0) ”‘”‘”‘”‘”‘”‘”‘l H””””"l””ﬂ”””””””_
Sin (input) L gna[ ] in-2 [ o3 [ ana I Lsins
sloL -
rogister 0000000000000 0000000000000000000000000 KT
ig‘gt"er: din-1 din-2 din-3 din-4
Reg_RD SIRBn (dummy) ﬂ SIRBn (d1) SIRBn (d2) SIRBn (d3) ||SIOn (d5)
CSOTn bit
INTCSIn —
interrupt
SOn (output)
rq_clr
trans_rq I_ I
%(—/ ;hg L Y
<> <> <3> 4> <3> <b> <3> <4> <6>
<5>
Period during
which next transfer
can be reserved
Remarks 1. n=5,6
2. Reg_RD: Internal signal. This signal indicates that the receive data buffer
(SIRBNn/SIRBLN) has been read.
rq_clr: Internal signal. Transfer request clear signal.
trans_rq: Internal signal. Transfer request signal.

In the case of the repeat transfer mode, two transfer requests are set at the start of the first transfer.

Following the transmission/reception completion interrupt request (INTCSIn), transfer is continued if the
SIRBn register can be read within the next transfer reservation period.
read, transfer ends and the SIRBn register does not receive the new value of the SIOn register.
The last data can be obtained by reading the SIOn register following completion of the transfer.
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(b) Usage (transmission/reception)

<1>

<2>
<3>
<4>

<5>

<6>

<7>

<8>

Set the repeat transfer mode (AUTOn bit of CSIMn register = 1) and the transmission/reception
mode (TRMDn bit of CSIMn register = 1)

Write the first data to the SOTBFn register.

Write the 2nd data to the SOTBn register (start transfer).

Wait for a transmission/reception completion interrupt request (INTCSIn).

When the transmission/reception completion interrupt request (INTCSIn) has been set (1), write the
next data to the SOTBn register (reserve next transfer), and read the SIRBn register to load the
receive data.

Repeat steps <4> and <5> as long as data to be sent remains.

Wait for the INTCSIn interrupt. When the interrupt request signal is set (1), read the SIRBn register
to load the (N — 1)th receive data (N: Number of transfer data).

Following the last transmission/reception completion interrupt request (INTCSIn), read the SIOn
register to load the Nth (last) receive data.
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Figure 11-17. Repeat Transfer (Transmission/Reception) Timing Chart

SCKn (I/0) ||||||||||||||| ||||||!|||||||| |||||||||.||||| ||||||||,||||||
SOn (output) [ Id(M:-1 L dout-2 | | Idout-3 Idout-4| |dout-5 |
Sin (input) | din][ ] id'n-2| |L[][din-3 [ ding | Lgins |
SOTBFLn
register dout-1
Sg;lgtl_er; dout-2 Y |dout-3 I [dout-4 Y |dout-5
SIOLn -
register 8000000001000 00000NAREAR0E0AAAANIANE KNS
o din-1 din-2 din-3 din-4
SOTBFn (d1)
Reg_WR |[]|_[] sotBn (d2) [l sotBn (@3  [lsoten@4) []soren (ds)
\ \ \
Reg_RD SIRBn (d1) SIRBn (d2) SIRBn (d3) SIRBn (d4) | |SION (d5)
CSOTn bit .
INTCSIn
interrupt I
rq_clr
trans_rq |_ I | |
L y J|L v JiL Y J d Y JL Y
<1> <3> <4> <5> <4> <5> <4> <5> <7> <8>
<2> 6>
Period during which
next transfer can be
reserved

Remarks 1. n=5,6
2. Reg_WR: Internal signal. This signal indicates that the transmit data buffer register
(SOTBN/SOTBLN) has been written.
Reg_RD: Internal signal. This signal indicates that the receive data buffer register
(SIRBNn/SIRBLN) has been read.
rq_clr: Internal signal. Transfer request clear signal.
trans_rq: Internal signal. Transfer request signal.

In the case of the repeat transfer mode, two transfer requests are set at the start of the first transfer.
Following the transmission/reception completion interrupt request (INTCSIn), transfer is continued if the
SOTBn register can be written within the next transfer reservation period. If the SOTBn register cannot be
written, transfer ends and the SIRBn register does not receive the new value of the SIOn register.

The last receive data can be obtained by reading the SIOn register following completion of the transfer.
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(c) Next transfer reservation period
In the repeat transfer mode, the next transfer must be prepared within the period shown below.

Figure 11-18. Timing Chart of Next Transfer Reservation Period (1/2)

SCKn
(1/0)

INTCSIn
interrupt

SCKn
(1/0)

INTCSIn
interrupt

Remark

(a) When data length is 8 bits, operation mode: CKPn bit = 0, DAPn bit=0

L

JAlsiainiaiaiunninina]aqags

I

Reservation period: 7 SCKn cycles

(b) When data length is 16 bits, operation mode: CKPn bit = 0, DAPn bit=0

Huttdiuuuuuu UL

Ii

n=56

Reservation period: 15 SCKn cycles
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Figure 11-18. Timing Chart of Next Transfer Reservation Period (2/2)

(c) When data length is 8 bits, operation mode: CKPn bit = 0, DAPn bit =1

SCKn —I—
(1/0) |

INTCSIn

interrupt

JAlsiainRauin i innauiaia

Reservation period: 6.5 SCKn cycles

Iil
o

(d) When data length is 16 bits, operation mode: CKPn bit = 0, DAPn bit = 1

SCKn —I_
(1/0) |_

UututuuuguuuL

INTCSIn

interrupt

il

Il
o

Remark n=5,6

Reservation period: 14.5 SCKn cycles
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(d) Cautions
To continue repeat transfers, it is necessary to either read the SIRBn register or write to the SOTBn
register during the transfer reservation period.
If the SIRBN register or the SOTBnN register is accessed when the transfer reservation period is over, the
following occurs.

(i) In case of contention between transfer request clear and register access
Since request cancellation has higher priority, the next transfer request is ignored. Therefore, transfer

is interrupted, and normal data transfer cannot be performed.

Figure 11-19. Transfer Request Clear and Register Access Contention

Transfer reservation period

w JUUududyuuuy

INTCSIn
interrupt

rq_clr

Reg_R/W |_|

Remarks 1. n=5,6

2. rg_clr: Internal signal. Transfer request clear signal.
Reg_R/W: Internal signal. This signal indicates that the receive data buffer register
(SIRBNn/SIRBLnN) read or transmit data buffer register (SOTBn/SOTBLn) write was
performed.
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(ii) In case of contention between interrupt request and register access
Since continuous transfer has stopped once, the transfer is executed as a new repeat transfer.
In the slave mode, a bit phase error transfer error results (refer to Figure 11-20).
In the transmit/receive mode, the value of the SOTBFn register is retransmitted, and illegal data is
sent.

Figure 11-20. Interrupt Request and Register Access Contention

Transfer reservation period

w5 | TUUUUUUU WL

INTCSIn
interrupt

rg_clr

Reg_R/W

Remarks 1. n=5,6
2. rg_clr: Internal signal. Transfer request clear signal.
Reg_R/W: Internal signal. This signal indicates that receive data buffer register (SIRBn/SIRBLn)
read or transmit data buffer register (SOTBn/SOTBLnN) write was performed.
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11.4.5 Output pins

(1) SCKn pin
When CSIn operation is disabled (CSIEn bit of CSIMn register = 0), the SCKn pin output status is as follows (n
=5, 6).
Table 11-4. SCKn Pin Output Status
CKPn CKSn2 CKSn1 CKSn0 "SCKn Pin Qutput
0 don’t care don’t care don’t care Fixed to high level
1 1 1 1 Fixed to high level
Other than above Fixed to low level
Remarks 1. n=5,6
2. When any of bits CKPn and CKSn2 to CKSnO of the CSICKn register is overwritten, the
SCKn pin output changes.
(2) SOn pin
When CSIn operation is disabled (CSIEn bit of CSIMn register = 0), the SOn pin output status is as follows (n =
5, 6).
Table 11-5. SOn Pin Output Status
TRMDn DAPnN AUTOn CCLn DIRn SOn Pin Output
0 don’t care don’t care don’t care don’t care Fixed at low level
1 0 don’t care don’t care don’t care SO latch value (low level)
1 0 0 0 SOTB7 value
1 SOTBO value
1 0 SOTB15 value
1 SOTBO value
1 0 0 SOTBF7 value
1 SOTBFO value
1 0 SOTBF15 value
1 SOTBFO value
Remarks 1. n=5,6
2. When any of bits TRMDn, CCLn, DIRn, and AUTOn of the CSIMn register or DAPn bit of the
CSICKn register is overwritten, the SOn pin output changes.
3. SOTBm: Bit m of SOTBn register (m =0, 7, 15)
4. SOTBFm: Bit m of SOTBFn register (m =0, 7, 15)
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11.5 I’C Bus

To use the I°C bus function, set the P10/SDA0, P12/SCL0, P20/SDA1, and P22/SCL1 pins to N-ch open-drain
output.

I°C0O and I’C1 have the following two modes.

¢ Operation stopped mode
e [°C (Inter IC) bus mode (multimasters supported)

(1) Operation stopped mode
In this mode, serial transfers are not performed, thus enabling a reduction in power consumption.

(2) I°C bus mode (multimasters support)
This mode is used for 8-bit data transfers with several devices via two lines: a serial clock line (SCLn) and a
serial data bus line (SDAN).
This mode complies with the I°C bus format and the master device can output “start condition”, “data”, and
“stop condition” data to the slave device via the serial data bus. The slave device automatically detects these
received data by hardware. This function can simplify the part of an application program that controls the I°C
bus.
Since SCLn and SDAn are open-drain outputs, 1°Cn requires pull-up resistors for the serial clock line and the
serial data bus line.

Remark n=0,1
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Figure 11-21. Block Diagram of I’Cn

S Internal bus K
N\ 7
IIC status register n (IICSn)
MSTSn|ALDn|EXCn|COIn|TRCn|ACKDn|STDn|SPDn
IIC control register n
(lICCn) <
IICEn [LRELn|WRELN[SPIENn|WTIMn|ACKENn| STTn|SPTn
Set
AV
Slave address Clear Start condition
SDAn @_"—[D_{ register n (SVAn) generator
Noise Match signal
eliminator SO latch
IIC shift
register n (IICn) b Q CLn1,
T CLnO
. Data h°'? Acknowledge
Ime correction tput ci it
N-ch open-drain circuit oulput cirowt
output /_|_|
e Wakeup controller
IAcknowIedge detectorl
Start condition
detector
Stop condition
SCLn® detector !
Noise Interrupt request L - INTIICH
eliminator Serial clock counter signal generator
Serial clock Serial clock
controller wait controller
N-ch open-drain > B(;’StSt?tus
output etector
XX ————»| |
TMx output .| Prescaler [=—
1 !_l_\
CLDn|DADN|SMCn|DFCn|CLn1| CLn0 CLXn IICCEN1|lICCENO STCFn |IICBSYn |[STCENN(IICRSVn
1IC clock select IIC function expansion 1IC clock expansion 1IC flag register n
register n (IICCLn) register n (IICXn) register n (ICCEn) (IICFn)
S Internal bus &
Remarks 1. n=0, 1

2. TMx output

n =0: TM5 output
n=1: TM6 output
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A serial bus configuration example is shown below.

Figure 11-22. Serial Bus Configuration Example Using I’C Bus

+Voo +Vop
Master CPU1 SDA|-_Serial data bus SDA Master CPU2
Slave CPU1 . Slave CPU2
SCL I Serial clock ScL
Address 1 Address 2
SDA Slave CPU3
SCL Address 3
SDA Slave IC
SCL Address 4
SDA Slave IC
SCL Address N
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11.5.1 Configuration
I’Cn includes the following hardware (n = 0, 1).

)

&)

©)

@

®)

(6)

Table 11-6. Configuration of 'Cn

ltem Configuration

Registers IIC shift registers 0 and 1 (IICO, IIC1)
Slave address registers 0 and 1 (SVAQ, SVAT1)

Control registers IIC control registers 0 and 1 (IICCO, IICC1)

IIC status registers 0 and 1 (IICSO, 1ICS1)

IIC flag registers 0 and 1 (IICFO, IICF1)

IIC clock expansion registers 0 and 1 (IICCEO, IICCE1)
IIC function expansion registers 0 and 1 (1ICXO0, 1ICX1)
IIC clock select registers 0 and 1 (IICCLO, [ICCL1)

lIC shift registers 0 and 1 (lICO, lIC1)

These registers are used to convert 8-bit serial data to 8-bit parallel data and to convert 8-bit parallel data to
8-bit serial data, and can be used for both transmission and reception (n = 0, 1).

Write and read operations to [ICn are used to control the actual transmit and receive operations.

IICn is set by an 8-bit memory manipulation instruction.

RESET input sets the 11C0 and 1IC1 to O0H.

Slave address registers 0 and 1 (SVAO, SVA1)

This register sets local addresses when in slave mode.

SVAn is set by an 8-bit memory manipulation instruction (n = 0, 1).
RESET input sets the SVAO and SVA1 to 00H.

SO latch
The SO latch is used to retain the output level of the SDAn pin (n =0, 1).

Wake-up controller
This circuit generates an interrupt request when the address received by this register matches the address
value set to slave address register n (SVAn) or when an extension code is received (n = 0, 1).

Clock selector
This selects the sampling clock to be used.

Serial clock counter

This counter counts the serial clocks that are output and the serial clocks that are input during
transmit/receive operations and is used to verify that 8-bit data was sent or received.
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(7) Interrupt request signal generator
This circuit controls the generation of interrupt request signals (INTIICn).
An I°’C interrupt is generated following either of two triggers.

e Eighth or ninth clock of the serial clock (set by WTIMn bit)
¢ Interrupt request generated when a stop condition is detected (set by SPIEn bit)

Remarks 1. n=0, 1
2. WTIMn bit: bit 3 of the IIC control register n (IICCn)
SPIEnN bit: bit 4 of the IIC control register n (IICCn)

(8) Serial clock controller
In master mode, this circuit generates the clock output via the SCLn pin from a sampling clock (n =0, 1).

(9) Serial clock wait controller
This circuit controls the wait timing.

(10) ACK output circuit, stop condition detector, start condition detector, and ACK detector
These circuits are used to output and detect various control signals.

(11) Data hold time correction circuit
This circuit generates the hold time for data corresponding to the falling edge of the serial clock.

*  (12)Start condition generator
A start condition is issued when the STTn bit is set.
However, in the communication reservation disabled status (IICRSVn bit = 1), this request is ignored and the
STCFn bit is set if the bus is not released (IICBSYn bit = 1).

Remark IICRSVn bit: Bit 0 of IIC flag register n (IICFn)
IICBSYn bit:  Bit 6 of IIC flag register n (IICFn)
STCFn bit: Bit 7 of IIC flag register n (IICFn)

*  (13)Bus status detector
Whether the bus is released or not is ascertained by detecting a start condition and stop condition.
However, the bus status cannot be detected immediately after operation, so set the initial status by using the

STCENN bit.

Remark STCENN bit: Bit 1 of IIC flag register n (IICFn)
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11.5.2 F°C control registers

I’CO and I’C1 are controlled by the following registers.

¢ 1IC control registers 0, 1 (IICCO, IICC1)

o |IC status registers 0, 1 (1ICS0, IICS1)

o |IC flag registers 0, 1 (IICFO, IICF1)

¢ |IC clock expansion registers 0, 1 (IICCEO, IICCE1)
¢ |IC function expansion registers 0, 1 (IICX0, 1ICX1)
¢ |IC clock select registers 0, 1 (1ICCLO, 1ICCL1)

The following registers are also used.

¢ |IC shift registers 0, 1 (IICO, 1IC1)
¢ Slave address registers 0, 1 (SVAO, SVAT1)

(1) lIC control registers 0, 1 (IICCO, lICC1)
These registers are used to enable/disable I’C operations, set the wait timing, and set other I‘C operations.

IICCn can be set by an 8-bit or 1-bit memory manipulation instruction (n = 0, 1).
RESET input sets IICCn to 00H.

Caution In I°C0, I’C1 bus mode, set the port 1 mode register (PM1), port 2 mode register (PM2), port 1
function register (PF1), and port 2 function register (PF2) as follows. In addition, set each

output latch to 0.

Pin Port Mode Register Port Function Register
P10/S10/SDAO PM10 of PM1 register = 0 PF10 of PF1 register = 1
P12/SCK0/SCLO PM12 of PM1 register = 0 PF12 of PF1 register = 1
P20/S12/SDA1 PM20 of PM2 register = 0 PF20 of PF2 register = 1
P22/SCK2/SCL1 PM22 of PM2 register = 0 PF22 of PF2 register = 1
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(1/4)
After reset: 00H R/W Address: FFFFF340H, FFFFF350H
<7> <6> <5> <4> <3> <2> <1> <0>
lICCn IICEn LRELn WRELnN SPIEn WTIMn ACKEn STTn SPTn
(n=0,1)
IICEnN I°Cn operation enable/disable specification
0 Operation stopped. 1IC status register n (IICSn) preset. Internal operation stopped.
1 Operation enabled.
Condition for clearing (IICEn = 0) Condition for setting (IICEn = 1)
e Cleared by instruction e Set by instruction
e When RESET is input

LRELn

Exit from communications

Normal operation

This exits from the current communication operation and sets standby mode. This setting is automatically cleared
after being executed. lts uses include cases in which a locally irrelevant extension code has been received.

The SCLn and SDAn lines are set for high impedance.

The following flags are cleared.

¢ STDn ¢ ACKDn ¢ TRCn ¢ COIn ¢ EXCn ¢ MSTSn ¢ STTn e SPTn

are met.

The standby mode following exit from communications remains in effect until the following communication entry conditions

o After a stop condition is detected, restart is in master mode.
¢ An address match or extension code reception occurs after the start condition.

Condition for clearing (LRELn = 0) Condition for setting (LRELn = 1)

Note

* Automatically cleared after execution e Set by instruction
e When RESET is input

Note This flag’s signal is invalid when IICEn = 0.

Remark

376

STDn: Bit 1 of IIC state register n (11CSn)
ACKDn: Bit 2 of IIC state register n (1ICSn)
TRChn: Bit 3 of IIC state register n (11CSn)
COln: Bit 4 of IIC state register n (11CSn)
EXCn: Bit 5 of IIC state register n (11CSn)
MSTSn: Bit 7 of IIC state register n (I1ICSn)
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(2/4)
WRELnN Wait cancellation control
0 Wait not cancelled
1 Wait cancelled. This setting is automatically cleared after wait is canceled.

Note

Condition for clearing (WRELnN = 0)

Condition for setting (WRELn = 1)

* Automatically cleared after execution
e When RESET is input

e Set by instruction

SPIEn Enable/disable generation of interrupt request when stop condition is detected
0 Disabled
1 Enabled

Note

Condition for clearing (SPIEn = 0)

Condition for setting (SPIEn = 1)

e Cleared by instruction
e When RESET is input

e Set by instruction

WTIMn Control of wait and Interrupt request generation

0 Interrupt request is generated at the eighth clock’s falling edge.

Master mode: After output of eight clocks, clock output is set to low level and wait is set.
Slave mode: After input of eight clocks, the clock is set to low level and wait is set for master device.

1 Interrupt request is generated at the ninth clock’s falling edge.
Master mode: After output of nine clocks, clock output is set to low level and wait is set.

Slave mode: After input of nine clocks, the clock is set to low level and wait is set for master device.

This bit’s setting is invalid during an address transfer and is valid as the transfer is completed. In master mode, a wait
is inserted at the falling edge of the ninth clock during address transfers. For a slave device that has received a local
address, a wait is inserted at the falling edge of the ninth clock after an ACK signal is issued. When the slave device

has received an extension code, a wait is inserted at the falling edge of the eighth clock.

Note

Condition for clearing (WTIMn = 0)

Condition for setting (WTIMn = 1)

e Cleared by instruction
e When RESET is input

e Set by instruction

Note This flag’s signal is invalid when [ICEn = 0.

Remark n=0,1
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378

(3/4)

ACKEN Acknowledge control

0 Acknowledgement disabled.

1 Acknowledgement enabled. During the ninth clock period, the SDA line is set to low level. However, the

ACK is invalid during address transfers and is valid when EXCn = 1.

Condition for clearing (ACKEn = 0)"**® Condition for setting (ACKEN = 1)
e Cleared by instruction e Set by instruction
e When RESET is input

STTn

Start condition trigger

Start condition is not generated.

When bus is released (in STOP mode):
Generates a start condition (for starting as master). The SDAn line is changed from high level to low level
and then the start condition is generated. Next, after the rated amount of time has elapsed, SCLn is
changed to low level.
When bus is not used:
If the communication reservation function is enabled (IICRSVn = 0)
e This trigger functions as a start condition reserve flag. When set, it releases the bus and then
automatically generates a start condition.
If the communication reservation function is disabled (ICRSVn = 1)
e The STCFn bit is set. This trigger does not generate a start condition.
In the wait state (when master device)
Generates a restart condition after releasing the wait.

Cautions concerning set timing
o For master reception: Cannot be set during transfer. Can be set only when ACKEn has been set to 0 and slave

has been notified of final reception.

» For master transmission: A start condition cannot be generated normally during the ACKn period. Set during the wait

e For slave:

period.
Even when the communication reservation function is disabled (ICRSVn = 1), the
communication reservation status is entered.

e Cannot be set at the same time as SPTn

Condition for clearing (STTn = 0) Condition for setting (STTn = 1)

o Cleared by loss in arbitration e Set by instruction

o Cleared after start condition is generated by master

device

e When LRELNn =1
e When IICEn =0
e When RESET is input

Note This flag’s signal is invalid when [ICEn = 0.

Remarks 1. Bit1(STTn)is 0 if it is read immediately after data setting.

2. IICRSVn: Bit 0 of IIC flag register n (IICFn)

STCFn:  BIT 7 of lIC flag register n (IICFn)

3. n=0,1
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(4/4)
SPTn Stop condition trigger
0 Stop condition is not generated.
1 Stop condition is generated (termination of master device’s transfer).

After the SDAn line goes to low level, either set the SCLn line to high level or wait until it goes to
high level. Next, after the rated amount of time has elapsed, the SDAn line is changed from low
level to high level and a stop condition is generated.

Cautions concerning set timing
o For master reception: Cannot be set during transfer.
Can be set only when ACKEN has been set to 0 and during the wait period after
slave has been notified of final reception.
* For master transmission: A stop condition cannot be generated normally during the ACKn period. Set during
the wait period.
¢ Cannot be set at the same time as STTn.
e SPTn can be set only when in master mode.
* When WTIMn has been set to 0, if SPTn is set during the wait period that follows output of eight clocks, note
that a stop condition will be generated during the high-level period of the ninth clock.
When a ninth clock must be output, WTIMn should be changed from 0 to 1 during the wait period following
output of eight clocks, and SPTn should be set during the wait period that follows output of the ninth clock.

Note

Condition for clearing (SPTn = 0) Condition for setting (SPTn = 1)

» Cleared by loss in arbitration e Set by instruction
o Automatically cleared after stop condition is detected
e When LRELn =1

e When IICEn =0

e When RESET is input

Note Set SPTn only in master mode. However, when the IICRSVn bit of IIC flag register n (IICFn) is 0,
SPTn must be set and a stop condition generated before the first stop condition is detected following
the switch to the operation enabled status. For details, see 11.5.13 Cautions.

Caution When bit 3 (TRCn) of IIC status register n (IICSn) is set to 1, WRELn is set during the ninth
clock and wait is canceled, after which TRCn is cleared and the SDAnN line is set to high

impedance.

Remarks 1. Bit 0 (SPTn) is 0 if it is read immediately after data setting.
2. n=0,1
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(2) IIC status registers 0, 1 (IICS0, lICS1)
These registers indicate the status of the I°Cn bus.
IICSn can be set by an 8-bit or 1-bit memory manipulation instruction. 11CSn is a read-only register (n = 0, 1).
RESET input sets [ICSn to 00H.

(1/3)
After reset: 00H R Address: FFFFF342H, FFFFF352H
<7> <6> <5> <4> <3> <2> <1> <0>
1ICSn MSTSn ALDn EXCn COIn TRCn ACKDn STDn SPDn
(n=0,1)
MSTSn Master device status
0 Slave device status or communication standby status
1 Master device communication status
Condition for clearing (MSTSn = 0) Condition for setting (MSTSn = 1)
¢ When a stop condition is detected ¢ When a start condition is generated

e When ALDn =1

e Cleared by LRELN =1

e When IICEn changes from 1to 0
e When RESET is input

ALDn Detection of arbitration loss

0 This status means either that there was no arbitration or that the arbitration result was a “win”.

1 This status indicates the arbitration result was a “loss”. MSTSn is cleared.

Condition for clearing (ALDn = 0) Condition for setting (ALDn = 1)

¢ Automatically cleared after ICSn is read " ¢ When the arbitration result is a “loss”.

e When IICEn changes from 1to 0
e When RESET is input

Note This register is also cleared when a bit manipulation instruction is executed for bits other than 11CSn.

Remark LRELn: Bit 6 of IIC control register n (IICCn)
IICEn: Bit 7 of lIC control register n (IICCn)
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(2/3)
EXCn Detection of extension code reception
0 Extension code was not received.
1 Extension code was received.

Condition for clearing (EXCn = 0)

Condition for setting (EXCn = 1)

* When a start condition is detected
* When a stop condition is detected
e Cleared by LRELn =1

e When IICEn changes from 1 to 0
e When RESET is input

* When the high-order four bits of the received address
data is either “0000” or “1111” (set at the rising edge of
the eighth clock).

COin Detection of matching addresses
0 Addresses do not match.
1 Addresses match.

Condition for clearing (COIn = 0)

Condition for setting (COIn = 1)

* When a start condition is detected
* When a stop condition is detected
o Cleared by LRELNn =1

e When IICEn changes from 1 to 0
e When RESET is input

¢ When the received address matches the local address
(SVAn) (set at the rising edge of the eighth clock).

TRCn Detection of transmit/receive status
0 Receive status (other than transmit status). The SDAn line is set for high impedance.
1 Transmit status. The value in the SO latch is enabled for output to the SDAn line (valid starting at the
falling edge of the first byte’s ninth clock).

Condition for clearing (TRCn = 0)

Condition for setting (TRCn = 1)

* When a stop condition is detected

e Cleared by LRELNn =1

e When IICEn changes from 1 to 0

e Cleared by WRELn = 1"*

e When ALDn changes from 0 to 1

e When RESET is input

Master

e When “1” is output to the first byte’s LSB (transfer
direction specification bit)

Slave

* When a start condition is detected

When not used for communication

Master

¢ When a start condition is generated

Slave

e When “1” is input by the first byte’s LSB (transfer
direction specification bit)

Note TRCn is cleared and SDAn line becomes high impedance when bit 5 (WRELn) of IIC control
register n (IICCn) is set and the wait state is cancelled at the ninth clock by bit 3 (TRCn) of IIC

status register n (IICSn) = 1.

Remarks 1. WRELnN:

Bit 5 of 1IC control register n (1ICCn)

LRELn: Bit 6 of lIC control register n (1ICCn)
IICEn: Bit 7 of 1IC control register n (1ICCn)
2. n=0,1
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(3/3)

ACKDn Detection of ACK

0 ACK was not detected.

1 ACK was detected.

Condition for clearing (ACKDn = 0) Condition for setting (ACKD = 1)

¢ When a stop condition is detected o After the SDAnN line is set to low level at the rising edge
o At the rising edge of the next byte’s first clock of the SCLn’s ninth clock

e Cleared by LRELN =1

¢ When IICEn changes from 1to 0
e When RESET is input

STDn Detection of start condition

0 Start condition was not detected.

1 Start condition was detected. This indicates that the address transfer period is in effect

Condition for clearing (STDn = 0) Condition for setting (STDn = 1)

e When a stop condition is detected When a start condition is detected

o At the rising edge of the next byte’s first clock following
address transfer

e Cleared by LRELNn =1

¢ When IICEn changes from 1to 0

e When RESET is input

SPDn Detection of stop condition

0 Stop condition was not detected.

1 Stop condition was detected. The master device’s communication is terminated and the bus is released.

Condition for clearing (SPDn = 0) Condition for setting (SPDn = 1)

e At the rising edge of the address transfer byte’s first When a stop condition is detected
clock following setting of this bit and detection of a start
condition

e When IICEn changes from 1to 0

e When RESET is input

Remarks 1. LRELn: Bit 6 of 1IC control register n (IICCn)
IICEn: Bit 7 of 1IC control register n (1ICCn)
2. n=0,1
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(3) IIC flag registers 0, 1 (IICFO, IICF1)
These registers set the I°Cn operation mode and indicate the I°C bus status (n = 0, 1).
IICFn can be set by an 8-bit or 1-bit memory manipulation instruction.
IICRSVn enables/disables the communication reservation function (see 11.5.12 Communication
reservation).
The initial value of the ICBSYn bit is set by using the STCENR bit (see 11.5.13 Cautions).
The IICRSVn and STCENN bits can be written only when operation of I°Cn is disabled (IICEn of IIC control
register n (IICCn) = 0). After operation is enabled (IICEn = 1), IICFn can be read.

(1/2)
After reset: 00H R/W"* Address: FFFFF368H, FFFFF36AH
<7> <6> 5 4 3 2 <1> <0>
IICFn STCFn IICBSYn 0 0 0 0 STCENn | IICRSVn
(n=0,1)
STCFn STTn clear flag
0 Start condition issued
1 STTn flag cleared
Condition for clearing (STCFn = 0) Condition for setting (STCFn = 1)
e Cleared by STTn =1 e Clearance of STTn when communication reservation
» When RESET is input disabled (ICRSVn = 1)
IICBSYn I’Cn bus status flag
0 Bus released status
1 Bus communication status
Condition for clearing (IICBSYn = 0) Condition for setting (IICBSYn = 1)
 When stop condition is detected » When start condition is detected
» When RESET is input e By setting IICEn when STCENn = 0

Note Bits 6 and 7 are read-only bits.

Remark STTn: Bit 1 of lIC control register n (IICCn)
IICEn:  Bit 7 of IIC control register n (IICCn)
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(2/2)
STCENnN Initial start enable trigger
0 Start conditions cannot be generated until a stop condition is detected following operation enable (IICEn =
1).
1 Start conditions can be generated even if a stop condition is not detected following operation enable (IICEn
=1).
Condition for clearing (STCENnN = 0) Condition for setting (STCENn = 1)
* When start condition is detected e Setting by instruction
e When RESET is input

IICRSVn Communication reservation function disable bit
0 Communication reservation enabled
1 Communication reservation disabled
Condition for clearing (IICRSVn = 0) Condition for setting (ICRSVn = 1)
o Clearing by instruction e Setting by instruction
e When RESET is input

Cautions 1. Write STCENN and IICRSVn only when operation is stopped (IICEn = 0).

2. When STCENN = 1, the bus released status (IICBSYn = 0) is recognized regardless of
the actual bus status immediately after the I°Cn bus operation is enabled. Therefore,
to issue the first start condition (STTh = 1), it is necessary to confirm that the bus has
been released, so as to not disturb other communications.

Remarks 1. STTn: Bit 1 of IIC control register n (IICCn)

IICEn: Bit 7 of 1IC control register n (11CCn)
2. n=0,1
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lIC clock select registers 0, 1 (IICCLO, lICCL1)
These registers are used to set the transfer clock for the I°Cn bus.

(4) IIC clock expansion registers 0, 1 (IICCEO, IICCE1), IIC function expansion registers 0, 1 (IICXO0, lICX1),

IICCEn can be set by an 8-bit memory manipulation instruction, and [ICXn and IICCLn can be set by an 8-bit

or 1-bit memory manipulation instruction (n =0, 1).
RESET input sets these registers to 00H.

(1/2)
After reset: O0H R/W Address: FFFFF34CH, FFFFF35CH
7 6 5 4 3 2 1 0
IICCEn 0 0 0 0 0 0 IICCEn1 | IICCENO
(n=0,1)
After reset: 00H R/wW Address: FFFFF34AH, FFFFF35AH
7 6 5 4 3 2 1 <0>
IICXn 0 0 0 0 0 0 0 CLXn
(n=0,1)
After reset: 00H R/W"* Address: FFFFF344H, FFFFF354H
7 6 <5> <4> 3 2 1 0
IICCLn 0 0 CLDn DADn SMCn DFCn CLn1 CLnO
(n=0,1)
CLDn Detection of SCLn line level (valid only when IICEn = 1)
0 SCLn line was detected at low level.
1 SCLn line was detected at high level.
Condition for clearing (CLDn = 0) Condition for setting (CLDn = 1)
e When the SCLn line is at low level ¢ When the SCLn line is at high level
e When IICEn =0
e When RESET is input
DADnN Detection of SDAn line level (valid only when IICEn = 1)
0 SDAn line was detected at low level.
1 SDAnN line was detected at high level.
Condition for clearing (DADn = 0) Condition for setting (DADn = 1)
e When the SDAnN line is at low level ¢ When the SDAn line is at high level
* When [ICEn =0
e When RESET is input
Note Bits 4 and 5 of ICCLn are read-only bits.
Caution Always set bits 7 and 6 of IICCLn to 0.
Remark IICEn: Bit 7 of 1IC control register n (IICCn)
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(2/2)
SMCn Operation mode switching
0 Operates in standard mode.
1 Operates in high-speed mode.
DFCn Digital filter operation control
0 Digital filter off.
1 Digital filter on.
Digital filter can be used only in high-speed mode.
In high-speed mode, the transfer clock does not vary regardless of DFCn switching (on/off).

IICCEn1|lICCEnO| CLXn | SMCn | CLn1 | CLnO Selection clock Settable main clock frequency (fxx) range Operation mode
(fxx/m)
X X 1 1 0 X fxx/12 4.0 MHz to 4.19 MHz High-speed mode
X X 0 1 0 X fxx/24 4.0 MHz to 8.38 MHz
X X 0 1 1 0 fxx/48 8.0 MHz to 16.67 MHz
0 1 0 1 1 1 fxx/36 12.0 MHz to 13.4 MHz
1 0 0 1 1 1 fxx/54 16.0 MHz to 20.0 MHz
0 0 0 1 1 1 n=0 |[TM5output/18 | TM5 setting
n=1 | TM6output/18 | TM6 setting
X X 0 0 0 0 fxx/44 4.0 MHz to 4.19 MHz Normal mode
X X 0 0 0 1 fxx/86 4.19 MHz to 8.38 MHz
X X 0 0 1 0 fxx/172 8.38 MHz to 16.67 MHz
0 1 0 0 1 1 fxx/132 12.0 MHz to 13.4 MHz
1 0 0 0 1 1 fxx/198 16.0 MHz to 20.0 MHz
0 0 0 0 1 1 n=0 |TM5output/e6 | TM5 setting
n=1 | TM6 output/66 | TM6 setting
Other than above Setting prohibited
Remarks 1. n=0,1

2. x: don’tcare

3. |If the selected clock is specified as a timer output, the P17/T05/T15 and P30/T06/T16 pins do not
need to be in timer output mode.

386
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(a) I°Cn transfer clock setting method
The I°Cn transfer clock frequency (fscL) is calculated using the following expression (n = 0, 1).

fscL=1/(m X T + tR + tF)

m = 12, 24, 48, 36, 54, 44, 86, 172, 132, 198 (see the descriptions for bits ICCEn1, IICCENO,
CLXn, SMCn, CLn1, and CLn0 in 11.5.2 (4).)

T:  1/fxx
tr: SCLn rise time
tr:  SCLn fall time

For example, the I°Cn transfer clock frequency (fscL) when fxx = 20 MHz, m = 198, tr = 200 ns, and tF =

50 ns is calculated using following expression.

fscL = 1/(198 x 50 ns + 200 ns + 50 ns) = 98.5 kHz

mxT+tr+tF

tr mi2xT e tr mR2xT

»le <
L »

SCLn \

SCLn inversion SCLn inversion SCLn inversion

(5) IlIC shift registers 0, 1 (1ICO, 1IC1)
IICn is used for serial transmission/reception (shift operations) synchronized with the serial clock. It can be

read from or written to in 8-bit units, but data should not be written to 1ICn during a data transfer (n = 0, 1).

After reset: 00H R/W Address: FFFFF348H, FFFFF358H

7 6 5 4 3 2

lICn

(n=0,1)

(6) Slave address registers 0, 1 (SVA0, SVA1)

SVAnN holds the I’C bus’s slave addresses.
It can be read from or written to in 8-bit units, but bit 0 should be fixed to 0.

Address: FFFFF346H, FFFFF356H

After reset: 00H R/W
3 2 1 0

7 6 5 4

SVAn
(n=0,1)
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11.5.3 I°C bus mode functions

(1

388

Pin configuration
The serial clock pin (SCLn) and serial data bus pin (SDAnN) are configured as follows (n = 0, 1).

SCLN ..o This pin is used for serial clock input and output.
This pin is an N-ch open-drain output for both master and slave devices. Input is Schmitt input.
SDAN ...ccoeeeen. This pin is used for serial data input and output.

This pin is an N-ch open-drain output for both master and slave devices. Input is Schmitt input.

Since outputs from the serial clock line and the serial data bus line are N-ch open-drain outputs, an external pull-
up resistor is required.

Figure 11-23. Pin Configuration Diagram

PORTVop Slave device
Master device |
SCLn SCLn
Clock output —>| — — |<— (Clock output)
PORTVop
(Clock input) <—<]7 4[>—> Clock input
SDAn SDAn
U N>
Data output —>| — — |<— Data output
Data input <—<]— Ab—» Data input
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11.5.4 I°C bus definitions and control methods

The following section describes the I°C bus’s serial data communication format and the signals used by the I°C
bus. The transfer timing for the “start condition”, “data”, and “stop condition” output via the I°C bus’s serial data bus is
shown below.

Figure 11-24. I°C Bus Serial Data Transfer Timing

Start Address RMW ACK Data ACK Data ACK  Stop
condition condition

The master device outputs the start condition, slave address, and stop condition.

The acknowledge signal (ACK) can be output by either the master or slave device (normally, it is output by the
device that receives 8-bit data).

The serial clock (SCLn) is continuously output by the master device. However, in the slave device, the SCLn’s
low-level period can be extended and a wait can be inserted (n =0, 1).

(1) Start condition
A start condition is met when the SCLn pin is high level and the SDAn pin changes from high level to low level.
The start conditions for the SCLn pin and SDAn pin are signals that the master device outputs to the slave
device when starting a serial transfer. The slave device includes hardware for detecting start conditions (n = 0,

1).

Figure 11-25. Start Conditions

SCLn

SDAn

A start condition is output when bit 1 (STTn) of 1IC control register n (1ICCn) is set to 1 after a stop condition has
been detected (SPDn: Bit 0 = 1 in IIC status register n (1ICSn)). When a start condition is detected, 1ICSn’s bit 1
(STDn) issetto 1 (n=0, 1).
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(2) Addresses
The 7 bits of data that follow the start condition are defined as an address.
An address is a 7-bit data segment that is output in order to select one of the slave devices that are connected to
the master device via bus lines. Therefore, each slave device connected via the bus lines must have a unique
address.
The slave devices include hardware that detects the start condition and checks whether or not the 7-bit address
data matches the data values stored in slave address register n (SVAn). If the address data matches the SVAn
values, the slave device is selected and communicates with the master device until the master device transmits a
start condition or stop condition (n =0, 1).

Figure 11-26. Address

SCLn 1 2 3 4 5 6 7 8 9
SDAN \ / AD6XAD5XAD4XAD3XAD2XAD1 XADOXRN_VX
Address

Note

INTIICn

Note INTIICn is generated if a local address or extension code is received during slave device operation.

Remark n=0,1

The slave address and the eighth bit, which specifies the transfer direction as described in (3) Transfer
direction specification below, are written together to the IIC shift register (IICn) and then output. Received
addresses are written to IICn (n =0, 1).

The slave address is assigned to the higher 7 bits of 1ICn.
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(3) Transfer direction specification
In addition to the 7-bit address data, the master device sends 1 bit that specifies the transfer direction. When
this transfer direction specification bit has a value of 0, it indicates that the master device is transmitting data to a
slave device. When the transfer direction specification bit has a value of 1, it indicates that the master device is
receiving data from a slave device.

Figure 11-27. Transfer Direction Specification
SCLn 1 2 3 4 5 6 7 8 9

SDAn _\ /AD6><AD5><AD4><AD3><AD2><AD1 XADOXi/{V:VX

Transfer direction specification
Note

INTIICn

Note INTIICn is generated if a local address or extension code is received during slave device operation.

Remark n=0,1
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4)

392

Acknowledge signal (ACK)
The acknowledge signal (ACK) is used by the transmitting and receiving devices to confirm serial data reception.
The receiving device returns one ACK signal for each 8 bits of data it receives. The transmitting device normally
receives an ACK signal after transmitting 8 bits of data. However, when the master device is the receiving
device, it does not output an ACK signal after receiving the final data to be transmitted. The transmitting device
detects whether or not an ACK signal is returned after it transmits 8 bits of data. When an ACK signal is
returned, the reception is judged as normal and processing continues. If the slave device does not return an
ACK signal, the master device outputs either a stop condition or a restart condition and then stops the current
transmission. Failure to return an ACK signal may be caused by the following two factors.

(a) Reception was not performed normally.

(b) The final data was received.
When the receiving device sets the SDAn line to low level during the ninth clock, the ACK signal becomes active
(normal receive response).
When bit 2 (ACKEN) of IIC control register n (IICCn) is set to 1, automatic ACK signal generation is enabled (n =
o, 1).
Transmission of the eighth bit following the 7 address data bits causes bit 3 (TRCn) of IIC status register n
(lICSn) to be set. When this TRCn bit’s value is 0, it indicates receive mode. Therefore, ACKEn should be set to
1(n=0,1).
When the slave device is receiving (when TRCn = 0), if the slave device does not need to receive any more data
after receiving several bytes, setting ACKEnN to 0 will prevent the master device from starting transmission of the
subsequent data.
Similarly, when the master device is receiving (when TRCn = 0) and the subsequent data is not needed and
when either a restart condition or a stop condition should therefore be output, setting ACKEnR to 0 will prevent the
ACK signal from being returned. This prevents the MSB data from being output via the SDAn line (i.e., stops
transmission) during transmission from the slave device.

Figure 11-28. ACK Signal

SCLn 1 2 3 4 5 6 7 8 9

SDAN _\ /AD6><AD5><AD4><AD3><AD2><AD1 ><ADO><RN_V\AC_K/7

Remark n=0, 1

When the local address is received, an ACK signal is automatically output in synchronization with the falling
edge of the SCLn’s eighth clock regardless of the ACKEn value. No ACK signal is output if the received address
is not a local address (n =0, 1).

The ACK signal output method during data reception is based on the wait timing setting, as described below.

When 8-clock wait is selected: ACK signal is output at the falling edge of the SCLn’s eighth clock if ACKEN is
set to 1 before wait cancellation.

When 9-clock wait is selected: ACK signal is automatically output at the falling edge of the SCLn’s eighth clock
if ACKEn has already been set to 1.
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(5) Stop condition
When the SCLn pin is high level, changing the SDAn pin from low level to high level generates a stop condition
(n=0,1).
A stop condition is a signal that the master device outputs to the slave device when serial transfer has been
completed. The slave device includes hardware that detects stop conditions.

Figure 11-29. Stop Condition

SCLn

SDAn

Remark n=0,1
A stop condition is generated when bit 0 (SPTn) of 1IC control register n (1ICCn) is set to 1. When the stop

condition is detected, bit 0 (SPDn) of IIC status register n (IICSn) is set to 1 and INTIICn is generated when bit 4
(SPIENn) of ICCnissetto1 (n=0, 1).

User's Manual U15109EJ3VOUD 393



CHAPTER 11 SERIAL INTERFACE FUNCTION

(6) Wait signal (WAIT)
The wait signal (WAIT) is used to notify the communication partner that a device (master or slave) is preparing to
transmit or receive data (i.e., is in a wait state).
Setting the SCLn pin to low level notifies the communication partner of the wait status. When the wait status has
been canceled for both the master and slave devices, the next data transfer can begin (n =0, 1).

Figure 11-30. Wait Signal (1/2)

(1) When master device has a nine-clock wait and slave device has an eight-clock wait

(master: transmission, slave: reception, and ACKEn = 1)

Master
Master returns to high
impedance but slave Wait after output
is in wait state (low level). of ninth clock.
| [ICn data write (cancel wait)
lICn i
SCLn 6 7 8 9 1 2 3
Slave
Wait after output
of eighth clock.
FFH is written to IICn or WRELnN is set to 1.
liCn }
SCLn
ACKEN H

Transfer lines
SCLn 6 7 8 |:|

1 2 3
SDAn XDZXD1XDOX CK / XD7><D6><D5

Remark n=0,1

>
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Figure 11-30. Wait Signal (2/2)

(2) When master and slave devices both have a nine-clock wait

(master: transmission, slave: reception, and ACKEn = 1)

Master Master and slave both wait
after output of ninth clock.

| 1ICn data write (cancel wait)

IICn |

SCLn 6 7 8 9 1 2 3

Slave
FFH is written to 1ICn or WRELN is set to 1.

lICn I

SCLn

ACKEN H
Transfer lines|
SCLn 6 7 8 9 1 2 3

SDAn XD2XD1 XDO X\,W/ X D7 XDGXDSX

Output according to previously set ACKEnN value

Remarks 1. ACKEnN: Bit 2 of lIC control register n (IICCn)
WRELn: Bit 5 of IIC control register n (11ICCn)
2. n=0,1

A wait may be automatically generated depending on the setting of bit 3 (WTIMn) of 1IC control register n (11ICCn)
(n=0,1).

Normally, when bit 5 (WRELN) of 1ICCn is set to 1 or when FFH is written to IIC shift register n (lICn) on the
receiving side, the wait status is canceled and the transmitting side writes data to 1ICn to cancel the wait status.
The master device can also cancel the wait status via either of the following methods.

e By setting bit 1 (STTn) of ICCn to 1
e By setting bit 0 (SPTn) of ICCn to 1
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11.5.5 I°C interrupt requests (INTIICn)
The following shows the value of IIC status register n (IICSn) at the INTIICn interrupt request generation timing
and at the INTIICn interrupt timing (n = 0, 1).
(1) Master device operation
(a) Start ~ Address ~ Data ~ Data ~ Stop (normal transmission/reception)

<1> When WTIMn =0

SPTn=1

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1l A2 A3 A4 A5
A1: ICSn = 10XXX110B
AZ2: [ICSn = 10XXX000B
AZ3: [ICSn = 10XXX000B (WTIMn = 1)
A4: 1ICSn = 10XXXX00B
A 5: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1

<2> When WTIMn =1

SPTn=1

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1 A2 A3 A4
A1:1ICSn = 10XXX110B
A2: [ICSn = 10XXX100B
A3: [ICSn = 10XXXX00B
A 4: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1
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(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop (restart)

<1>

When WTIMn =0

STTn=1 SPTn =1
\ \
ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
A1 A2 A3 A4 A5 A6 A7
A1:1ICSn = 10XXX110B
A2: [ICSn = 10XXX000B (WTIMn = 1)
A3: [ICSn = 10XXXX00B (WTIMn = 0)
A4: 1ICSn = 10XXX110B (WTIMn = 0)
A5: [ICSn = 10XXX000B (WTIMn = 1)
AGB: IICSn = 10XXXX00B
A 7:11ICSn = 00000001B
Remark A: Always generated

A:  Generated only when SPIEn =1

X: don’t care

n=0,1

<2> When WTIMn =1
STTn=1 SPTn =1
\ \
ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
A1 A2 A3 A4 A5

A1:1ICSn = 10XXX110B
A2: [ICSn = 10XXXX00B
A3: [ICSn = 10XXX110B
A4: [ICSn = 10XXXX00B
A 5: 1ICSn = 00000001B

Remark A: Always generated

A:  Generated only when SPIEn =1
X: don’t care
n=0,1
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(c) Start ~ Code ~ Data ~ Data ~ Stop (extension code transmission)
<1> When WTIMn =0

SPTn=1

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1l A2 A3 A4
A1:1ICSn =1010X110B
A2: ICSn = 1010X000B
AZ3: [ICSn = 1010X000B (WTIMn = 1)
A4: 11ICSn = 1010XX00B
A 5: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1

<2> When WTIMn =1

SPTn=1

A5

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1 A2 A3
A1:1ICSn =1010X110B
A2: [ICSn =1010X100B
A3: [ICSn = 1010XX00B
A 4: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1
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(2) Slave device operation (when receiving slave address data (matches with SVAn))
(a) Start ~ Address ~ Data ~ Data ~ Stop

<1> When WTIMn =0

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1l A2 A3 A4
A1:1ICSn =0001X110B
AZ2: ICSn = 0001X000B
AZ3: [ICSn = 0001X000B
A 4: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1

<2> When WTIMn =1

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1l A2 A3 A4
A1:1ICSn =0001X110B
A2: ICSn = 0001X100B
AZ3: [ICSn = 0001XX00B
A 4: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1
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(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

<1> When WTIMn = 0 (after restart, match with SVAn)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
A1 A2 A3 A4 A5
A1:1ICSn =0001X110B
A2: 1ICSn = 0001X000B
A3: 1ICSn = 0001X110B
A4:11ICSn = 0001X000B
A 5: 11ICSn = 00000001B
Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1
<2> When WTIMn = 1 (after restart, match with SVAn)
ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
A1 A2 A3 A4 A5

A1:1ICSn =0001X110B
AZ2: ICSn = 0001XX00B
AZ3: 1ICSn =0001X110B
A4: 11ICSn = 0001XX00B
A 5: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1

X: don
n=0,1

400
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(c) Start ~ Address ~ Data ~ Start ~ Code ~ Data ~ Stop

<1> When WTIMn = 0 (after restart, extension code reception)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
A1 A2 A3 A4 A5
A1:1ICSn =0001X110B
AZ2: [ICSn = 0001X000B
A3: [ICSn =0010X010B
A4: 1ICSn = 0010X000B
A 5: 1ICSn = 00000001B
Remark A: Always generated
A:  Generated only when SPIEn =1
X: don’t care
n=0,1
<2> When WTIMn = 1 (after restart, extension code reception)
ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
A1 A2 A3 A4 A5 A6

A1:1ICSn =0001X110B
A2: [ICSn = 0001XX00B
A3: [ICSn = 0010X010B
A4: 1ICSn =0010X110B
AS5: [ICSn = 0010XX00B
A 6: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1
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(d) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

<1> When WTIMn = 0 (after restart, mismatch with address (= not extension code))

ST

AD6 to ADO | RW AK D7 to DO

AK ST | AD6 to ADO

RW

AK

D7 to DO

AK

SP

A1

A1:11ICSn =0001X110B
A2: [ICSn = 0001X000B
AZ3: [ICSn = 00000X10B
A 4: 1ICSn = 00000001B

A2

Remark A: Always generated
A:  Generated only when SPIEn = 1

X: don’t care
n=0,1

<2> When WTIMn = 1 (after restart, mismatch with address (= not extension code))

A3

A4

ST

ADG6 to ADO | RW AK D7 to DO

AK ST | AD6 to ADO

RW

AK

D7 to DO

AK

SP

402

A1

A1:1ICSn =0001X110B
AZ2: ICSn = 0001XX00B
AZ3: [ICSn = 00000X10B
A 4: 1ICSn = 00000001B

A2

Remark A: Always generated
A:  Generated only when SPIEn =1

X: don’t care
n=0,1
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(3) Slave device operation (when receiving extension code)

(a) Start ~ Code ~ Data ~ Data ~ Stop

<1> When WTIMn =0

ST | AD6to ADO | RW

AK D7 to DO AK D7 to DO

AK

SP

A1:1ICSn =0010X010B
AZ2: ICSn = 0010X000B
AZ3: [ICSn = 0010X000B
A 4: 1ICSn = 00000001B

A1 A2

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care

n=0,1

<2> When WTIMn =1

A3

A4

ST | AD6to ADO | RW

AK D7 to DO AK D7 to DO

AK

SP

A1:1ICSn =0010X010B
A2: ICSn =0010X110B
AZ3: lICSn = 0010X100B
A4: 11ICSn = 0010XX00B
A 5: 1ICSn = 00000001B

Al A2 A3

Remark A: Always generated
A:  Generated only when SPIEn = 1

X: don’t care

n=0,1

User's Manual U15109EJ3VOUD

A4 A5

403



CHAPTER 11

SERIAL INTERFACE FUNCTION

(b) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

<1> When WTIMn = 0 (after restart, match with SVAn)

ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP

Al A2 A3 A4 A5

A1:1ICSn =0010X010B

AZ2: 1ICSn = 0010X000B

A3: 1ICSn =0001X110B

A4: 1ICSn = 0001X000B

A 5: 11CSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn =1
X: don’t care
n=0,1
<2> When WTIMn = 1 (after restart, match with SVAn)
ST | AD6to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK SP
Al A2 A3 A4 A5 A6

A1:11ICSn =0010X010B

A2: 1ICSn =0010X110B

A3: [ICSn = 0010XX00B

A4:1ICSn =0001X110B

A5: [ICSn = 0001XX00B

A 6: 11ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1
404
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(c) Start ~ Code ~ Data ~ Start ~ Code ~ Data ~ Stop

<1> When WTIMn = 0 (after restart, extension code reception)

ST

AD6 to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK

SP

A1l A2 A3 A4

A1:1ICSn =0010X010B
A2: [ICSn = 0010X000B

A3: 1ICSn = 0010X010B
A4: 1ICSn = 0010X000B

A 5: 1ICSn = 00000001B

Remark A: Always generated

<2>

B

Generated only when SPIEn = 1
don’t care
n=0,1

X

When WTIMn = 1 (after restart, extension code reception)

A5

ST

AD6 to ADO | RW AK D7 to DO AK ST | AD6to ADO | RW AK D7 to DO AK

SP

Al
A2:
A3:
A4
A5:
AG:
AT:

A1l A2 A3 A4 A5

IICSn = 0010X010B
[ICSn = 0010X110B
[ICSn = 0010XX00B
[ICSn = 0010X010B
IICSn = 0010X110B
[ICSn = 0010XX00B
IICSn = 00000001B

Remark A: Always generated

A:  Generated only when SPIEn =1
X: don’t care
n=0,1
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(d) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

<1> When WTIMn = 0 (after restart, mismatch with address (= not extension code))

ST

AD6 to ADO | RW AK D7 to DO

AK ST | AD6 to ADO

RW

AK

D7 to DO

AK

SP

A1l

A1:1ICSn =0010X010B
A2: [ICSn = 0010X000B
A3: [ICSn = 00000X10B
A 4: 1ICSn = 00000001B

A2

Remark A: Always generated
A:  Generated only when SPIEn = 1

X: don’t care
n=0,1

<2> When WTIMn = 1 (after restart, mismatch with address (= not extension code))

A3

A4

ST

ADG6 to ADO | RW AK D7 to DO

AK ST | AD6 to ADO

RW

AK

D7 to DO

AK

SP

406

A1 A2

A1:1ICSn =0010X010B
A2: ICSn =0010X110B
AZ3: [ICSn = 0010XX00B
A4: 1ICSn = 00000X10B
A 5: 1ICSn = 00000001B

A3

Remark A: Always generated
A:  Generated only when SPIEn = 1

X: don’t care
n=0,1
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(4) Operation without communication

(a) Start ~ Code ~ Data ~ Data ~ Stop

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al
A 1: 1ICSn = 00000001B

Remark A:  Generated only when SPIEn =1
n=0,1

(5) Arbitration loss operation (operation as slave after arbitration loss)

(a) When arbitration loss occurs during transmission of slave address data

<1> When WTIMn =0

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1 A2 A3 A4

A1:1ICSn =0101X110B (Example: when ALDn is read during interrupt servicing)
A2: |ICSn = 0001X000B
AZ3: [ICSn = 0001X000B
A 4: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn =1
X: don’t care
n=0,1

<2> When WTIMn =1

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1l A2 A3 A4

A1:1ICSn =0101X110B (Example: when ALDn is read during interrupt servicing)
A2: [ICSn = 0001X100B
AZ3: 1ICSn = 0001XX00B
A 4: 11ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1
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(b) When arbitration loss occurs during transmission of extension code

<1> When WTIMn =0

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

Al A2 A3 A4

A1:1ICSn =0110X010B (Example: when ALDn is read during interrupt servicing)
A2: [ICSn = 0010X000B
A3: [ICSn = 0010X000B
A 4: 11ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1

<2> When WTIMn =1

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1 A2 A3 A4 A5

A1:11ICSn =0110X010B (Example: when ALDn is read during interrupt servicing)
A2:ICSn =0010X110B
A3: 11ICSn =0010X100B
A4:11ICSn = 0010XX00B
A 5: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1
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(6) Operation when arbitration loss occurs (no communication after arbitration loss)

(a) When arbitration loss occurs during transmission of slave address data

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1l A2

A1:1ICSn =01000110B (Example: when ALDn is read during interrupt servicing)
A 2: [ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
n=0,1

(b) When arbitration loss occurs during transmission of extension code

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP

A1 A2

Al IICSn = 0110X010B (Example: when ALDn is read during interrupt servicing)
IICCn’s LRELnN is set to 1 by software
A2: IICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn =1
X: don’t care
n=0,1
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(c¢) When arbitration loss occurs during data transfer

<1> When WTIMn =0

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP
Al A2 A3
A1:11ICSn =10001110B
A2: 1ICSn = 01000000B (Example: when ALDn is read during interrupt servicing)
A 3: 1ICSn = 00000001B
Remark A: Always generated
A: Generated only when SPIEn = 1
n=0,1
<2> When WTIMn =1
ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK SP
Al A2 A3

A1:1ICSn =10001110B

A2: [ICSn =01000100B (Example: when ALDn is read during interrupt servicing)
A 3: [ICSn = 00000001B

Remark

A: Always generated

A:  Generated only when SPIEn = 1

n=0,1
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(d) When arbitration loss occurs due to restart condition during data transfer

<1> Not extension code (Example: mismatches with SVAn)

ST | AD6to ADO | RW AK D7 to Dn ST | AD6to ADO | RW AK D7 to DO AK SP
A1 A2 A3
A1:ICSn =1000X110B
A2:1ICSn =01000110B (Example: when ALDn is read during interrupt servicing)
A 3: 1ICSn = 00000001B
Remark A: Always generated
A:  Generated only when SPIEn =1
X: don’t care
Dn = D6 to DO
n=0,1
<2> Extension code
ST | AD6to ADO | RW AK D7 to Dn ST | AD6to ADO | RW AK D7 to DO AK SP
A1 A2 A3

A1:11CSn = 1000X110B

A2: [ICSn =0110X010B (Example: when ALDn is read during interrupt servicing)
IICCn’s LRELnN is set to 1 by software

A 3: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn =1
X: don’t care
Dn = D6 to DO
n=0,1
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(e) When arbitration loss occurs due to stop condition during data transfer

ST | AD6to ADO | RW AK D7 to Dn SP

A1l A2

A1:1ICSn =1000X110B
A 2: 1ICSn = 01000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
Dn = D6 to DO
n=0,1

(f) When arbitration loss occurs due to low-level data when attempting to generate a restart condition

When WTIMn =1
STTn=1
J

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK D7 to DO AK SP

A1 A2 A3 A4

A1:11CSn = 1000X110B
A2: |ICSn = 1000XX00B
A3: 11ICSn =01000100B (Example: when ALDn is read during interrupt servicing)
A 4: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn =1
X: don’t care
n=0,1
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(g) When arbitration loss occurs due to a stop condition when attempting to generate a restart
condition

When WTIMn =1
STTn=1

ST | AD6to ADO | RW AK D7 to DO AK SP

A1l A2 A3

A1:1ICSn =1000X110B
A2: [ICSn = 1000XX00B
A 3: [ICSn = 01000001B

Remark A: Always generated
A:  Generated only when SPIEn = 1
X: don’t care
n=0,1

(h) When arbitration loss occurs due to low-level data when attempting to generate a stop condition

When WTIMn =1
SPTn=1
J

ST | AD6to ADO | RW AK D7 to DO AK D7 to DO AK D7 to DO AK SP

A1 A2 A3 A4

A1:11CSn = 1000X110B
A2: ICSn = 1000XX00B
A3: 1ICSn = 01000000B (Example: when ALDn is read during interrupt servicing)
A 4: 1ICSn = 00000001B

Remark A: Always generated
A:  Generated only when SPIEn =1
X: don’t care
n=0,1
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11.5.6 Interrupt request (INTIICn) generation timing and wait control

The setting of bit 3 (WTIMn) in IIC control register n (IICCn) determines the timing by which INTIICn is generated

and the corresponding wait control, as shown below (n =0, 1).

Table 11-7. INTIICn Generation Timing and Wait Control

WTIMn During Slave Device Operation During Master Device Operation
Address Data Reception |Data Transmission Address Data Reception |Data Transmission
0 9Notes 1,2 8Note 2 8Note 2 9 8 8
1 9Nmes 1,2 9Note 2 9Nme 2 9 9 9

Notes 1. The slave device’s INTIICn signal and wait period occurs at the falling edge of the ninth clock only
when there is a match with the address set to slave address register n (SVAn).
At this point, ACK is output regardless of the value set to bit 2 (ACKEN) of IICCn. For a slave device
that has received an extension code, INTIICn occurs at the falling edge of the eighth clock.
2. If the received address does not match the contents of the slave address register n (SVAn), neither
INTIICn nor a wait occurs.

Remarks 1. The numbers in the table indicate the number of the serial clock’s clock signals. Interrupt requests
and wait control are both synchronized with the falling edge of these clock signals.
2. n=0,1

(1) During address transmission/reception
e Slave device operation:  Interrupt and wait timing are determined regardless of the WTIMn bit.
e Master device operation: Interrupt and wait timing occur at the falling edge of the ninth clock regardless of
the WTIMn bit.

(2) During data reception
e Master/slave device operation: Interrupt and wait timing are determined according to the WTIMn bit.

(3) During data transmission
e Master/slave device operation: Interrupt and wait timing are determined according to the WTIMn bit.

(4) Wait cancellation method
The four wait cancellation methods are as follows.

¢ By setting bit 5 (WRELn) of IIC control register n (IICCn) to 1

e By writing to the IIC shift register n (11Cn)

¢ By start condition setting (bit 1 (STTn) of IIC control register n (IICCn) = 1)
e By step condition setting (bit 0 (SPTn) of 1IC control register n (IICCn) = 1)

When an 8-clock wait has been selected (WTIMn = 0), the output level of ACK must be determined prior to
wait cancellation.

(5) Stop condition detection
INTIICn is generated when a stop condition is detected.

Remark n=0,1
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11.5.7 Address match detection method

In I°C bus mode, the master device can select a particular slave device by transmitting the corresponding slave
address.

Address match detection is performed automatically by hardware. An interrupt request (INTIICn) occurs when a
local address has been set to slave address register n (SVAn) and when the address set to SVAn matches the slave
address sent by the master device, or when an extension code has been received (n = 0, 1).

11.5.8 Error detection

In I°C bus mode, the status of the serial data bus (SDAn) during data transmission is captured by IIC shift register
n (IICn) of the transmitting device, so the 1ICn data prior to transmission can be compared with the transmitted 1ICn
data to enable detection of transmission errors. A transmission error is judged as having occurred when the
compared data values do not match (n =0, 1).

11.5.9 Extension code

(1) When the higher 4 bits of the receive address are either 0000 or 1111, the extension code flag (EXCn) is set
for extension code reception and an interrupt request (INTIICn) is issued at the falling edge of the eighth clock
(n=0,1).

The local address stored in slave address register n (SVAn) is not affected.

(2) If 11110xx0 is set to SVAn by a 10-bit address transfer and 11110xx0 is transferred from the master device,
the results are as follows. Note that INTIICn occurs at the falling edge of the eighth clock (n =0, 1).

Note

¢ Higher four bits of data match: EXCn = 1

Note

e Seven bits of data match: COIn =1

Note EXCn: Bit5 of IIC status register n (IICSn)
COIn: Bit 4 of IIC status register n (IICSn)

(3) Since the processing after the interrupt request occurs differs according to the data that follows the extension
code, such processing is performed by software.
For example, when operation as a slave is not desired after the extension code is received, set bit 6 (LRELnN)
of 1IC control register n (IICCn) to 1 and the CPU will enter the next communication wait state.

Table 11-8. Extension Code Bit Definitions

Slave Address R/W Bit Description
0000 000 0 General call address
0000 000 1 Start byte
0000 001 X CBUS address
0000 010 X Address that is reserved for different bus format
1111 Oxx X 10-bit slave address specification
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11.5.10 Arbitration

When several master devices simultaneously output a start condition (when STTn is set to 1 before STDn is set to
1""), communication among the master devices is performed while the number of clocks are being adjusted until the
data differs. This kind of operation is called arbitration (n =0, 1).

When one of the master devices loses in arbitration, an arbitration loss flag (ALDn) in 1IC status register n (1ICSn)
is set via the timing by which the arbitration loss occurred, and the SCLn and SDAn lines are both set to high
impedance, which releases the bus (n =0, 1).

The arbitration loss is detected based on the timing of the next interrupt request (the eighth or ninth clock, when a
stop condition is detected, etc.) and the ALDn = 1 setting that has been made by software (n =0, 1).

For details of interrupt request timing, see 11.5.5 I’C interrupt requests (INTIICn).

Note STDn: Bit 1 of IIC status register n (IICSn)
STTn: Bit 1 of IIC control register n (1ICCn)

Figure 11-31. Arbitration Timing Example

Master 1

SCLn Hi-Z

SDAn

w VTN
VT
AN AN

Remark n=0, 1

Master 1 loses arbitration

[\

Master 2

SDAn

D

H

ransfer lines

o
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Table 11-9. Status During Arbitration and Interrupt Request Generation Timing

Status During Arbitration

Interrupt Request Generation Timing

During address transmission

Read/write data after address transmission

During extension code transmission

Read/write data after extension code transmission

During data transmission

During ACK signal transfer period after data reception

When restart condition is detected during data transfer

At falling edge of eighth or ninth clock following byte transfer "

When stop condition is detected during data transfer

When stop condition is output (when SPIEn = 1)N°'e2

When data is at low level while attempting to output a
restart condition

At falling edge of eighth or ninth clock following byte transfer "

When stop condition is detected while attempting to
output a restart condition

When stop condition is output (when SPIEn = 1)N°'e2

When data is at low level while attempting to output a
stop condition

When SCLn is at low level while attempting to output a
restart condition

At falling edge of eighth or ninth clock following byte transfer "

Notes 1. When WTIMn (bit 3 of IIC control register n (1ICCn)) = 1, an interrupt request occurs at the falling edge
of the ninth clock. When WTIMn = 0 and the extension code’s slave address is received, an interrupt
request occurs at the falling edge of the eighth clock (n =0, 1).
2. When there is a possibility that arbitration will occur, set SPIEn = 1 for master device operation (n = 0,

1).

Remark SPIEn: Bit 5 of the IIC control register n (1ICCn)

11.5.11 Wakeup function

The I°C bus slave function is a function that generates an interrupt request (INTIICn) when a local address and

extension code have been received.

This function makes processing more efficient by preventing unnecessary interrupt requests from occurring when

addresses do not match.

When a start condition is detected, wake-up standby mode is set. This wake-up standby mode is in effect while
addresses are transmitted due to the possibility that an arbitration loss may change the master device (which has

output a start condition) to a slave device.

However, when a stop condition is detected, bit 5 (SPIEn) of I1IC control register n (IICCn) is set regardless of the
wake up function, and this determines whether interrupt requests are enabled or disabled (n =0, 1).
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11.5.12 Communication reservation

(1)

418

When communication reservation function is enabled (IICRSVn of IICFn = 0)

To start master device communications when not currently using the bus, a communication reservation can be
made to enable transmission of a start condition when the bus is released. There are two modes under which
the bus is not used.

e When arbitration results in neither master nor slave operation
o When an extension code is received and slave operation is disabled (ACK is not returned and the bus was
released when bit 6 (LRELnN) of 1IC control register n (IICCn) was set to “1”) (n =0, 1).

If bit 1 (STTn) of IICCn is set while the bus is not used, a start condition is automatically generated and wait
status is set after the bus is released (after a stop condition is detected).

When the bus release is detected (when a stop condition is detected), writing to 1IC shift register n (IICn) causes
the master’s address transfer to start. At this point, IICCn’s bit 4 (SPIEn) should be set (n =0, 1).

When STTn has been set, the operation mode (as start condition or as communication reservation) is determined
according to the bus status (n =0, 1).

If the bus has been released ..........cccccoviieiiiiiieiiniiiee e, A start condition is generated
If the bus has not been released (standby mode) .............. Communication reservation

To detect which operation mode has been determined for STTn, set STTn, wait for the wait period, then check
MSTSn (bit 7 of the IIC status register n (IICSn)) (n =0, 1).

The wait periods, which should be set via software, are listed in Table 11-10. These wait periods can be set by
bits 3, 1, and 0 (SMCn, CLn1, and CLn0) of IIC clock select register n (IICCLn) (n =0, 1).

Table 11-10. Wait Periods

SMCn CLn1 CLnO Wait Period

0 0 0 26 clocks
0 0 1 46 clocks
0 1 0 92 clocks
0 1 1 37 clocks
1 0 0 16 clocks
1 0 1

1 1 0 32 clocks
1 1 1 13 clocks

Remark n=0,1
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The communication reservation timing is shown below.

Figure 11-32. Communication Reservation Timing

Program processing STTn Write to
=1 licn
Hardware processing |G :scti ISI\T'II?IFCn g% )
SCLn 4 2 3 4 5 6 7 8 9 1 2 3 4 5 6

SDA“LXXXXXXXXXJ\T BB RN

Output by master with bus access
lICn: IIC shift register n
STTn: Bit 1 of [IC control register n (IICCn)
STDn: Bit 1 of IIC status register n (IICSn)
SPDn: Bit 0 of IIC status register n (IICSn)
Remark n=0,1
Communication reservations are accepted via the following timing. After bit 1 (STDn) of 1IC status register n
(lICSn) is set to 1, a communication reservation can be made by setting bit 1 (STTn) of IIC control register n

(ICCn) to 1 before a stop condition is detected (n = 0, 1).

Figure 11-33. Timing for Accepting Communication Reservations
SCLn /
/ \ )
STDn \

SPDn

~A
~

@

~A
~

~
~

Standby mode

Remark n=0, 1
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The communication reservation flowchart is illustrated below.

Figure 11-34. Communication Reservation Flowchart (1)

DI
|
SET1 STTn Sets STTn bit (communication reservation).
|
Define communication Defines that communication reservation is in effect
reservation (defines and sets user flag to any part of RAM).
|
Wait Secures wait period set by software (see Table 11-10).

Note

(Communication reservation) ) ) o )
v Confirmation of communication reservation
es

No
(Generate start condition)

Cancel communication
: Clears user flag.
reservation
ICn «xxH [ICn write operation
I
|
El

Note The communication reservation operation executes a write to IIC shift register n (IICn) when a stop
condition interrupt request occurs.

Remark n=0,1
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(2) When communication reservation function is disabled (ICRSVn of IICFn register = 1)
When the STTn bit of the IICCn register is set when the bus is not used in a communication during bus
communication, this request is rejected and a start condition is not generated. The following two statuses are
included in the status where bus is not used.

o When arbitration results in neither master nor slave operation

 When an extension code is received and slave operation is disabled (ACK is not returned and the bus was
released when LRELn of lIC control register n (IICCn) was setto 1) (n =0, 1).

To confirm whether the start condition was generated or request was rejected, check the STCFn flag of the [ICFn
register. The time shown in Table 11-11 is required until the STCFn flag is set after setting STTn = 1. Therefore,

secure the time by software.

Table 11-11. Wait Time

IICCEn1 IICCENO CLn1 CLnO Wait Time
X X 0 0 3 clocks
X X 0 1 3 clocks
X X 1 0 6 clocks
0 0 1 1 3xN
0 1 1 1 6 clocks
1 0 1 1 9 clocks

Remarks 1. N: TM5 and TM6 outputs
x: don’t care
2.n=0,1

Caution If the slave status is entered by an address match or expansion code reception (timing
shown in Figure 11-35), do not set STTn to 1. When set, the communication reservation

status is entered.

Figure 11-35. STTn = 1 Setting Disabled Timing

SDAN ‘ADG ”ADSxAD4xAD3xAD2xAD1 onoxH/w\AoK(_g g D7 ” D6 x D5 x sz D1 x DO \W‘
4

IICBSYn

When COIn=1or EXCn =1,
setting STTn = 1 is disabled

Start condition Rising edge of Stop condition
8th address clock

Remark n=0,1
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Figure 11-36. Communication Reservation Flowchart (2)

DI
No
IICBSYn=07?
Yes
SET1 STTn Set STTn bit
El El
. Wait time (Table 11-11) is
Wait secured by software
STCFn=07? No » Bus communicating status
Yes
I H I it i Master communication
n < Xxx n write operation stopped

Remark n=0,1
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11.5.13 Cautions

(1) When STCENN of IIC flag register n (IICFn) =0
Immediately after the I°Cn operation is enabled, the bus communication status (IICBSYn of IICFn register = 1) is
recognized regardless of the actual bus status. To execute master communication in the status where a stop
condition has not been detected, generate a stop condition and then release the bus before starting the master
communication.

Use the following sequence for generating a stop condition.

<1> Set IIC clock select register n (IICCLn).
<2> Set IICEn of the 1IC control register n (1ICCn).
<3> Set SPTn of IICCn.

(2) When STCENN of IIC flag register n (IICFn) = 1
Immediately after 1°Cn operation is enabled, the bus released status (IICBSYn of IICFn register = 0) is
recognized regardless of the actual bus status. To issue the first start condition (STTn of IICCn register = 1), it is

necessary to confirm that the bus has been released, so as to not disturb other communications.

Remark n=0,1

User's Manual U15109EJ3VOUD 423



CHAPTER 11 SERIAL INTERFACE FUNCTION

11.5.14 Communication operations

* (1) Master operations (1)
The following shows the flowchart for master communication when the communication reservation function is

enabled (ICRSVn = 0) and the master operation is started after a stop condition is detected (STCENnN = 0).

Figure 11-37. Master Operation Flowchart (1)

START

IICCLN « xxH
Select transfer clock

|

ICCn « xxH
IICEn = SPIEn = WTIMn = 1

No

b

‘ Yes (stop condition detection)

STTn=1
Wait Wait time is secured by
software (see Table 11-10)
No o .
MSTSn = 1? Communication reservation
Yes (start condition generation) @ No
Yes

Stop condition detection,
start condition generation by
communication reservation

Start [ICn write transfer

Generate stop condition
(no slave with matching address)

Address transfer No (receive)

completion

End
Yes (transmit)

Start [ICn write transfer

WTIMn =0
ACKEnN =1

b

WRELn =1
Start reception

| Data processing |

Transfer completed?

Yes

Generate stop condition
SPTn=1

ACKEn=0

ol

Remark n=0,1
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* (2) Master operations (2)
The following shows the flowchart for master communication when the communication reservation function is
disabled (IICRSVn = 1) and the master operation is started without detecting a stop condition (STCENn = 1).

Figure 11-38. Master Operation Flowchart (2)

START

IICCLN « xxH Transfer clock selection
IICFN « xxH 1ICFn register setting

IICCn «— xxH
IICEn = SPIEn = WTIMn = 1

| 1ICCn register initial setting

Wait time is secured by software
(see Table 11-11)

STCFn=0? No
Yes

| Start IICn write transfer

Insert wait

Master communication is

Stop master communication stopped because bus is occupied

Generate stop condition
(no slave with matching address)

| Yes(transmit) WTIMn =0
ACKEn =1
End
Start IICn write transfer ‘

WRELn =1
Start reception

No
(restart)

SPTn=1
Generate stop condition

Remark n=0,1
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(3) Slave operation
The following shows the flowchart for slave communication.

Figure 11-39. Slave Operation Flowchart

[ START ]

IICCn « xxH
IICEn =1

INTIICn =17

Yes

Communicate?

LRELn =1

No (receive)

) WTIMn =0
Yes (transmn)I ACKER = 1
WTIMn =1 I
Start 1ICn write transfer
WRELnN = 1
Start reception

INTIICn =1?

No

Data processing Yes

Data processing

Yes

Transfer completed?

No

ACKEn =0

START I

(restart detection)

Stop (stop condition detection)

Remark n=0, 1
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11.5.15 Timing of data communication

When using I°C bus mode, the master device outputs an address via the serial bus to select one of several slave
devices as its communication partner.

After outputting the slave address, the master device transmits the TRCn bit (bit 3 of IIC status register n (1ICSn)),
which specifies the data transfer direction, and then starts serial communication with the slave device.

The shift operation of IIC bus shift register n (IICn) is synchronized with the falling edge of the serial clock (SCLn).
The transmit data is transferred to the SO latch and is output (MSB first) via the SDAnN pin.

Data input via the SDAn pin is captured by IICn at the rising edge of SCLn.

The data communication timing is shown below.

Remark n=0,1
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Figure 11-40. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(a) Start condition ~ Address

Processing by master device |

lICn [ lICn « address [ ICn « data
ACKDn \ \
sTon | \
spon || )
WTIMn  H /

ACKEn  H } /
MsTSn |

STTn / /
o1 ]

WRELn &\ /
INTIICn \\ J 1 /
1\ |

TRCn H

Transfer lines

SCLn

Transmit

SDAnN
Start condition

Processing by slave device |

liCn

ACKDn ) | / |

STDn

_ |
spon | / /
H
H
L
L
L

WTIMn

ACKEnN

MSTSn

STTn

SPTn

|
WRELn \ \ [ ]Note

INTIICn “I :I

(When EXC = 1)

TRCn L Receive

Note To cancel slave wait, write FFH to [ICn or set WRELn.

Remark n=0, 1
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Figure 11-40. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(b) Data
Processing by master device
lICn | ICn < data | lICn « data
\

ACKDn

STDn L

SPDn L
WTIMn H
ACKEn  H ) /
MSTSn  H / /

STTn L

o L |
|

WRELn L /

INTIICn ”

TRCn H

Transfer lines

SCLn 8

Transmit

SDAn DO b7 D5
| Processing by slave device |
liCn | 1ICn < FFH Note } 1ICn < FFH Note
ACKDn
STDn L
SPDn L /
WTIMn ~ H /

ACKEn H

MSTSn L /
STTn L / \
SPTn L / \

WRELn ( [ ]Note \ [ INote
INTIICn 4\|—‘ \|—|—

TRCn L Receive

Note To cancel slave wait, write FFH to [ICn or set WRELn.

Remark n=0, 1
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Figure 11-40. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(c) Stop condition

| Processing by master device|

lICn | lICn « data | lICn < address
T

Ackon | ]

STDn

—
SPDn 1
L
L\

WTIMn H

ACKEnN H

MSTSn

STTn

SPTn

s )

P

(When SPIEn = 1)

TRCn H Transmit

Transfer lines

SCLn

/ AD6 X AD5

SDANn

Stop Start

| Processing by slave device | condition condition
IICn } 1ICn <« FFH Note | lICn « FFH Note
ACKDn | ’71—‘
STDn [
SPDn
WTIMn  H /
ACKEnN H
MSTSn L /
STTn L (
SPTn L \
WRELn [ |Note \ [ INote
INTIICn \I—\ []

(When SPIEn = 1)
TRCn L Receive

Note To cancel slave wait, write FFH to [ICn or set WRELn.

Remark n=0, 1
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Figure 11-41. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(a) Start condition ~ Address

| Processing by master device

liCn | lICn < address | ICn « FFH Note
I

ACKDn l—l\'
')
|
|
/

i
]
H
r
mMsTsn |
STTn /
z)

SPTn

STDn

SPDn

WTIMn

ACKENn

WRELn \\ / [ ] Note
INTIICn \ \ A1

TRCn 5 I» K (

Transfer lines

SCLn

SDANn
Start condition

| Processing by slave device |

IICn
ACKDn
STDn |
spon ]
WTIMn  H
ACKEn ~ H
MSTSn L
STTn L /
SPTh L
WRELn L \
INTIICn \‘|_|
TRCn \‘|

Note To cancel master wait, write FFH to 1ICn or set WRELnN.

Remark n=0, 1
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Figure 11-41. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(b) Data
| Processing by master device|
lICn | ICn « FFH Note | lICn « FFH Note
T
ACKDn \
STDn L \
SPDn L ‘

WTIMn  H / /
ACKEn  H / /

MSTSn H
STTn L
SPTn L / /

Transfer lines

WRELN / [ INote / [ ]Note
INTIICn A1 ( A1 (
TRCn __L_Receive ( Q (\

| Processing by slave device |

1ICn | } IICn « data
ACKDn | _
STDn L
SPDn L /

WTIMn  H / /

ACKEn H

MSTSn L / /
STTn L / /
SPTn L / /

WRELn L {

INTIICn \‘l_l kl_l

TRCn H Transmit

Note To cancel master wait, write FFH to 1ICn or set WRELnN.

Remark n=0, 1
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Figure 11-41. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(c) Stop condition

| Processing by master device|

lICn } 1ICn « FFH Note } 1ICn < address
ackbn |
STDn [
SPDn [ ]
WTIMn  H
ACKEn  H
MSTSn |_|
STTn ﬂ
SPTn rl ((
WRELR [ INote k \\
INTIICn A1 / ) \ \
(When SPIEn = 1)
NN

Transfer lines

SCLn

SDAnN

/ AD6 X AD5
Stop Start
condition condition

| Processing by slave device |

lICn } 1ICn « data
AckDn ] )
STDn /
SPDn / [ ]
WTIMn  H /
ACKEn H
MSTSn L /
STTn L /
SPTn | (
WRELN \ [

INTIICn \I_\ [

(When SPIEn = 1)
TRCn |

Note To cancel master wait, write FFH to 1ICn or set WRELnN.

Remark n=0, 1
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11.6 Asynchronous Serial Interface (UARTO to UART3)
UARTNR (n = 0 to 3) has the following two operation modes.

(1) Operation stop mode
In this mode, serial transfers are not performed, thus enabling a reduction in power consumption.

(2) Asynchronous serial interface mode
This mode enables full-duplex operation in which one byte of data after the start bit is transmitted and received.
The on-chip dedicated UARTn baud rate generator enables communications using a wide range of selectable
baud rates. In addition, a baud rate based on divided-clock input to the ASCKn pin can also be defined.
The UARTN baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 Kbps).

11.6.1 Configuration
The UARTN includes the following hardware.

Table 11-12. Configuration of UARTn

Item Configuration

Registers Transmit shift registers 0 to 3 (TXS0 to TXS3)
Receive buffer registers 0 to 3 (RXB0 to RXB3)

Control registers Asynchronous serial interface mode registers 0 to 3 (ASIMO to ASIM3)
Asynchronous serial interface status registers 0 to 3 (ASISO to ASIS3)

Baud rate generator control registers 0 to 3 (BRGCO to BRGC3)

Baud rate generator mode control registers 00 to 03 (BRGMCO00 to BRGMCO03)
Baud rate generator mode control registers 10 to 13 (BRGMC10 to BRGMC13)
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1

()

@)

Figure 11-42. Block Diagram of UARTn

Internal bus

ol

Receive buffer register
n (RXBn)

sl

RXDn

Receive shift register
n (RXn)

.
mon o< |

Receive control
parity check

Baud rate generator

Transmit shift register
n (TXSn)

[—» INTSRn

Transmit control
parity addition

—» INTSTn

e fxx to fxx/2°
¢ TMx output

4—‘

Remarks 1. n=0to3

2. TMx output is as shown below.

When n =0,
Whenn=1,

2: TM6 output
3: TM5 output

Transmit shift registers 0 to 3 (TXS0 to TXS3)
TXSn is the register for setting transmit data. Data written to TXSn is transmitted as serial data.
When the data length is set as 7 bits, bit 0 to bit 6 of the data written to TXSn is transmitted as serial data.

Writing data to TXSn starts the

transmit operation.

TXSn is written by an 8-bit memory manipulation instruction. It cannot be read.
RESET input sets these registers to FFH.

Caution

Receive shift registers 0 to 3

(RXO0 to RX3)

Do not write to TXSn during a transmit operation.

The RXn register converts serial data input via the RXDn pin to parallel data. When one byte of data is received
at RXn, the received data is transferred to receive buffer registers n (RXBn).
RXn cannot be manipulated directly by a program.

Receive buffer registers 0 to

RXBn is used to hold receive data.

transferred.

3 (RXBO to RXB3)

When one byte of data is received, one byte of new receive data is

When the data length is set as 7 bits, received data is sent to bit O to bit 6 of RXBn. In RXBn, the MSB must be

setto 0.

RXBn is read by an 8-bit memory manipulation instruction. It cannot be written.
RESET input sets RXBn to FFH.
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4)

(5)

Transmission controller

The transmission controller controls transmit operations, such as adding a start bit, parity bit, and stop bit to data
that is written to transmit shift register n (TXSn), based on the values set to asynchronous serial interface mode
register n (ASIMn).

Reception controller

The reception controller controls receive operations based on the values set to asynchronous serial interface
mode register n (ASIMn). During a receive operation, it performs error checking, such as for parity errors, and
sets various values to asynchronous serial interface status register n (ASISn) according to the type of error that
is detected.

11.6.2 UARTN control registers
UARTR is controlled by the following registers (n = 0 to 3).

e Asynchronous serial interface mode register n (ASIMn)
¢ Asynchronous serial interface status register n (ASISn)

e Baud rate generator control register n (BRGCn)
e Baud rate generator mode control registers n0, n1 (BRGMCn0O, BRGMCn1)

436
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(1) Asynchronous serial interface mode registers 0 to 3 (ASIMO to ASIM3)
ASIMn is an 8-bit register that controls UARTN’s serial transfer operations.
ASIMn can be set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets these registers to 00H.

After reset: R/W Address: ASIMO: FFFFF300H ASIM1: FFFFF310H
ASIM2: FFFFF230H ASIM3: FFFFF2BOH
<7> <6> 5 4 3 2 1 0
ASIMn TXEn RXEn PS1n PSOn UCLn SLn ISRMn 0
(n=0to 3)
TXEn RXEn Operating mode RXDn/Pxx pin TXDn/Pxx pin
function function
0 0 Operation stopped Port function Port function
0 1 UARTN mode (receive only) Serial function Port function
1 0 UARTN mode (transmit only) Port function Serial function
1 1 UARTN mode (transmit and receive) | Serial function Serial function
PS1n PSOn Parity bit specification
0 0 No parity
0 1 Zero parity always added during transmission
No parity detection during reception (parity errors do not occur)
1 0 Odd parity
1 1 Even parity
UCLn Character length specification
0 7 bits
1 8 bits
SLn Stop bit length specification for transmit data
0 1 bit
1 2 bits
ISRMn Receive completion interrupt control when error occurs
0 Receive completion interrupt is issued when an error occurs
1 Receive completion interrupt is not issued when an error occurs
Cautions 1. Do not switch the operating mode until after the current serial transmit/receive operation

has stopped.
Receive error interrupts are not provided in the V850/SC1, V850/SC2, and V850/SC3. To

detect receive errors, always set ISRMn to 0.

Always set bit 0 to 0.

User's Manual U15109EJ3VOUD
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(2) Asynchronous serial interface status registers 0 to 3 (ASISO to ASIS3)
When a receive error occurs in asynchronous serial interface mode, these registers indicate the type of error.
ASISn can be read using an 8-bit or 1-bit memory manipulation instruction.
RESET input sets these registers to O0H.

After reset: 00H R Address: ASISO: FFFFF302H  ASIS1: FFFFF312H
ASIS2: FFFFF232H ASIS3: FFFFF2B2H
7 6 5 4 3 <2> <1> <0>
ASISn 0 0 0 0 0 PEn FEn OVEn
(n=0to 3)
PEn Parity error flag
0 No parity error
1 Parity error

(Transmit data parity does not match)

FEn Framing error flag
0 No framing error
1 Framing error*™’

(Stop bit not detected)

OVEn Overrun error flag
0 No overrun error
1 Overrun error'*?

(Next receive operation was completed before data was read from receive buffer register)

Notes 1. Even if the stop bit length has been set as two bits by setting bit 2 (SLn) of asynchronous serial
interface mode register n (ASIMn), stop bit detection during a receive operation only applies to a stop
bit length of 1 bit.

2. Be sure to read the contents of receive buffer register n (RXBn) when an overrun error has occurred.
Until the contents of RXBn are read, further overrun errors will occur when receiving data.
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(3) Baud rate generator control registers 0 to 3 (BRGCO0 to BRGC3)
These registers set the serial clock for UARTh.
BRGCn can be set by an 8-bit memory manipulation instruction.
RESET input sets these registers to 00H.

After reset:

BRGCn
(n=0to0 3)

00H R/W Address: BRGCO: FFFFF304H BRGC1: FFFFF314H
BRGC2: FFFFF234H BRGC3: FFFFF2B4H
7 6 5 4 3 2 1 0
MDLn7 MDLn6 MDLn5 MDLn4 MDLn3 MDLn2 MDLn1 MDLnO
MD ( MD | MD | MD | MD | MD | MD | MD Selection of input clock k
Ln7 | Ln6 | Ln5 | Ln4 | Ln3 | Ln2 | Ln1 | LnO

0 0 0 0 0 X X X Setting prohibited -
0 0 0 0 1 0 0 0 fsck/8 8
0 0 0 0 1 0 0 1 fsck/9 9
0 0 0 0 1 0 1 0 fsck/10 10
0 0 0 0 1 0 1 1 fsck/11 11
0 0 0 0 1 1 0 0 fsck/12 12
0 0 0 0 1 1 0 1 fsck/13 13
0 0 0 0 1 1 1 0 fsck/14 14
0 0 0 0 1 1 1 1 fsck/15 15
0 0 0 1 0 0 0 0 fsck/16 16
1 1 1 1 1 1 1 1 fsck/255 255

Cautions 1. The value of BRGCn becomes 00H after reset. Before starting operation, select a setting

Remark

other than “Setting prohibited”. Selecting the “Setting prohibited” setting in stop mode
does not cause any problems.

If BRGCn is written during communication processing, the output of the baud rate
generator will be disturbed and communication will not be performed normally. Therefore,
do not write to BRGCn during communication processing.

fsck: Source clock of 8-bit counter
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(4) Baud rate generator mode control registers n0, n1 (BRGMCn0, BRGMCn1)
These registers set the UARTn source clock.
BRGMCn0 and BRGMCn1 are set by an 8-bit memory manipulation instruction (n = 0 to 3).
RESET input sets these registers to 00H.

After reset: 00H R/W Address: BRGMCO01: FFFFF320H BRGMC11: FFFFF322H
BRGMC21: FFFFF23CH BRGMC31: FFFFF2BCH
7 6 5 4 3 2 1 0
BRGMCn1 0 0 0 0 0 0 0 TPSn3
(n=0to 3)
After reset: 00H R/W Address: BRGMCO00: FFFFF30EH BRGMC10: FFFFF31EH
BRGMC20: FFFFF23AH BRGMC30: FFFFF2BAH
7 6 5 4 3 2 1 0
BRGMCnO 0 0 0 0 0 TPSn2 TPSn1 TPSNnO
(n=0to03)
TPSn3 | TPSn2 | TPSn1 | TPSnO 8-bit counter source clock selection m
0 0 0 0 External clock (ASCKn) -
0 0 0 1 fxx 0
0 0 1 0 fxx/2 1
0 0 1 1 fxx/4 2
0 1 0 0 fxx/8 3
0 1 0 1 fxx/16 4
0 1 1 0 fxx/32 5
0 1 1 1 atn =0, 2: TM6 output -
atn=1, 3: TM5 output
1 0 0 0 fxx/64 6
1 0 0 1 fxx/128 7
1 0 1 0 fxx/256 8
1 0 1 1 fxx/512 9
1 1 0 0 Setting prohibited -
1 1 0 1 -
1 1 1 0 -
1 1 1 1 -

Cautions 1. If BRGMCnO or n1 is written during communication processing, the output of the baud rate
generator will be disturbed and communication will not be performed normally. Therefore,
do not write to BRGMCnO or n1 during communication processing.

2. Always set bit 7 to 3 of BRGMCnO to 0.

Remarks 1. Source clock of 8-bit counter: fsck

2. |If the selected clock is specified as a timer output, the P17/T05/T15 and P30/T06/T16 pins do not
need to be in timer output mode.
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11.6.3 Operations
UARTNR has the following two operation modes.

e Operation stopped mode
e Asynchronous serial interface mode

(1) Operation stopped mode

In this mode, serial transfers are not performed, thus enabling a reduction in power consumption.
In operation stopped mode, pins can be used as ordinary port pins.

(a) Register settings

Operation stopped mode settings are made via bits TXEn and RXEn of asynchronous serial interface mode
register n (ASIMn).

Figure 11-43. ASIMn Setting (Operation Stopped Mode)

After reset: O0H R/W Address: ASIMO: FFFFF300H ASIM1: FFFFF310H
ASIM2: FFFFF230H ASIM3: FFFFF2BOH

<7> <6> 5 4 3 2 1 0

ASIMn TXEn RXEn PS1n PSOn UCLn SLn ISRMn 0

(n=0to03)
TXEn RXEn Operating mode RXDn/Pxx pin TXDn/Pxx pin
function function
0 0 Operation stopped Port function Port function

Cautions 1. Do not switch the operating mode until after the current serial transmit/receive
operation has stopped.
2. Always set bit 0 to 0.
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(2) Asynchronous serial interface mode
This mode enables full-duplex operation in which one byte of data after the start bit is transmitted and received.
The on-chip dedicated UARTn baud rate generator enables communications using a wide range of selectable

baud rates.

The UARTN baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 Kbps).

(a) Register settings

The asynchronous serial interface mode settings are made via ASIMn, BRGCn, BRGMCn0, and BRGMCn1

(n=0to 3).

Figure 11-44. ASIMn Setting (Asynchronous Serial Interface Mode)

After reset: 00H R/W Address: ASIMO: FFFFF300H ASIM1: FFFFF310H
ASIM2: FFFFF230H ASIM3: FFFFF2BOH
<7> <6> 5 4 3 2 1 0
ASIMn TXEn RXEn PS1n PSOn UCLn Skn ISRMn 0
(n=0to 3)
TXEn RXEn Operating mode RXDn/Pxx pin TXDn/Pxx pin
function function
0 1 UARTN mode (receive only) Serial function Port function
1 0 UARTN mode (transmit only) Port function Serial function
1 1 UARTN mode (transmit and receive) | Serial function Serial function
PS1n PSOn Parity bit specification
0 0 No parity
0 1 Zero parity always added during transmission
No parity detection during reception (parity errors do not occur)
1 0 Odd parity
1 1 Even parity
UCLn Character length specification
0 7 bits
1 8 bits
SLn Stop bit length specification for transmit data
0 1 bit
1 2 bits
ISRMn Receive completion interrupt control when error occurs
0 Receive completion interrupt is issued when an error occurs
1 Receive completion interrupt is not issued when an error occurs

Cautions 1. Do not switch the operating mode until after the current serial transmit/receive

operation has stopped.
2. Receive error interrupts are not provided in the V850/SC1, V850/SC2, and V850/SC3. To

detect receive errors, always set ISRMn to 0.
3. Always set bit 0 to 0.
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After reset:

ASISn
(n=0to0 3)

Figure 11-45. ASISn Setting (Asynchronous Serial Interface Mode)

00H Address: ASISO: FFFFF302H  ASIS1: FFFFF312H
ASIS2: FFFFF232H ASIS3: FFFFF2B2H
7 6 5 4 3 <2> <1> <0>
0 0 0 0 0 PEn FEn OVEn
PEn Parity error flag
0 No parity error
1 Parity error
(Transmit data parity does not match)
FEn Framing error flag
0 No framing error
1 Framing error"’
(Stop bit not detected)
OVEn Overrun error flag
0 No overrun error

Note 2

Overrun error

(Next receive operation was completed before data was read from receive buffer register)

Notes 1. Even if the stop bit length has been set as two bits by setting bit 2 (SLn) in the asynchronous
serial interface mode register n (ASIMn), stop bit detection during a receive operation only applies
to a stop bit length of 1 bit.
Be sure to read the contents of receive buffer register n (RXBn) when an overrun error has

occurred.

Until the contents of RXBn are read, further overrun errors will occur when receiving data.
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Figure 11-46. BRGCn Setting (Asynchronous Serial Interface Mode)

After reset: 00H R/W Address: BRGCO0: FFFFF304H BRGC1: FFFFF314H
BRGC2: FFFFF234H BRGC3: FFFFF2B4H
7 6 5 4 3 2 1 0
BRGCn MDLn7 MDLn6 MDLn5 MDLn4 MDLn3 MDLn2 MDLn1 MDLnO
(n=0to 3)
MD | MD | MD | MD | MD | MD | MD | MD Input clock selection k
Ln7 | Ln6é | Ln5 | Ln4 | Ln3 | Ln2 | Ln1 | LnO
0 0 0 0 0 X X X Setting prohibited -
0 0 0 0 1 0 0 0 fsck/8 8
0 0 0 0 1 0 0 1 fsck/9 9
0 0 0 0 1 0 1 0 fsck/10 10
0 0 0 0 1 0 1 1 fsck/11 11
0 0 0 0 1 1 0 0 fscx/12 12
0 0 0 0 1 1 0 1 fsck/13 13
0 0 0 0 1 1 1 0 fsck/14 14
0 0 0 0 1 1 1 1 fsck/15 15
0 0 0 1 0 0 0 0 fsck/16 16
1 1 1 1 1 1 1 1 fsck/255 255

Cautions 1. Reset input sets BRGCn to 00H. Before starting operation, select a setting other
than “Setting prohibited”. Selecting “Setting prohibited” setting in stop mode

does not cause any problems.

2. If BRGCn is written during communication processing, the output of the baud rate
generator is disturbed and communication will not be performed normally.

Therefore, do not write to BRGCn during communication processing.

Remark fsck: Source clock of 8-bit counter
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Figure 11-47. BRGMCn0 and BRGMCn1 Settings (Asynchronous Serial Interface Mode)

After reset: 00H R/W Address: BRGMCO01: FFFFF320H BRGMC11: FFFFF322H
BRGMC21: FFFFF23CH BRGMC31: FFFFF2BCH
7 6 5 4 3 2 1 0
BRGMCn1 0 0 0 0 0 0 0 TPSN3
(n=0to 3)
After reset: 00H R/W Address: BRGMCO00: FFFFF30EH BRGMC10: FFFFF31EH
BRGMC20: FFFFF23AH BRGMC30: FFFFF2BAH
7 6 5 4 3 2 1 0
BRGMCnO 0 0 0 0 0 TPSn2 TPSn1 TPSNO
(n=0to 3)
TPSn3 | TPSn2 | TPSn1 | TPSnO 8-bit counter source clock selection m
0 0 0 0 External clock (ASCKn) -
0 0 0 1 fxx 0
0 0 1 0 fxx/2 1
0 0 1 1 fxx/4 2
0 1 0 0 fxx/8 3
0 1 0 1 fxx/16 4
0 1 1 0 fxx/32 5
0 1 1 1 atn =0, 2: TM6 output -
atn=1, 3: TM5 output
1 0 0 0 fxx/64 6
1 0 0 1 fxx/128 7
1 0 1 0 fxx/256 8
1 0 1 1 fxx/512 9
1 1 0 0 Setting prohibited -
1 1 0 1 -
1 1 1 0 -
1 1 1 1 -

Cautions 1. If BRGMCnO or n1 is written during communication processing, the output of the
baud rate generator is disturbed and communication will not be performed
normally. Therefore, do not write to BRGMCn0 or BRGMCn1 during
communication processing.

2. Always set bits 7 to 3 of BRGMCnO to 0.

Remarks 1. fxx: Main clock oscillation frequency
2. If the selected clock is specified as a timer output, the P17/T05/T15 and P30/T06/TI6
pins do not need to be in timer output mode.
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(b) Baud rate

The baud rate transmit/receive clock that is generated is obtained by dividing the main clock.

¢ Generation of baud rate transmit/receive clock using main clock
The transmit/receive clock is obtained by dividing the main clock. The following equation is used to
obtain the baud rate from the main clock.

<When 8 < k < 255>

[Baud rate] = — XX [Hz]
2m+1 X k
fxx: Main clock oscillation frequency
m: Value set by TPSn3 to TPSn0 (0 <m <9)
k: Value set by MDLn7 to MDLNO (8 < k < 255)

e Baud rate tolerance
The baud rate tolerance depends on the number of bits in a frame and the counter division ratio
[1/(16 + k)].
Table 11-13 shows the relationship between the main clock and the baud rate, and Figure 11-48 shows
an example of the allowable baud rate error range.

Table 11-13. Relationship Between Main Clock and Baud Rate

Baud Rate fxx = 20 MHz fxx = 18.87 MHz fxx = 16 MHz
(bps) k m Error (%) k m Error (%) k m Error (%)
32 - - - - - - - - -
64 - - - - - - 244 9 0.06
128 152 9 -0.39 144 9 —-0.02 244 8 0.06
300 130 8 0.16 123 8 -0.12 208 7 0.16
600 130 7 0.16 123 7 -0.12 208 6 0.16
1200 130 6 0.16 123 6 -0.12 208 5 0.16
2400 130 5 0.16 123 5 -0.12 208 4 0.16
4800 130 4 0.16 123 4 -0.12 208 3 0.16
9600 130 3 0.16 123 3 -0.12 208 2 0.16
19200 130 2 0.16 123 2 -0.12 208 1 0.16
38400 130 1 0.16 123 1 -0.12 208 0 0.16
76800 130 0 0.16 123 0 -0.12 104 0 0.16
150000 67 0 —-0.50 63 0 —0.16 53 0 0.63
300000 33 0 1.01 31 0 1.45 27 0 -1.24
524000 19 0 0.44 18 0 0.03 15 0 1.78
1250000 8 0 0.00 - - - - - -
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Remark fxx: Main clock oscillation frequency
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Figure 11-48. Allowable Baud Rate Error Range (When k = 16), Including Sampling Errors

High-speed clock

reception 30.45T 60.9T
Low-speed clock

Ideal
sampling
point
32T 64T  256T 288T { 320T 352T
304T 336T
Basic timing h 4 \ 2
(clock cycle T) \ START po_ | ?CX oz P STOP
15.5T
(clock cycle T’) Xj
; \ START DO D7 P STOP
enabling normal 4 A / X Z Sampling error
304.5T —|=-0.5T
15.5T
(clock cycle T”) Xj
enabling normal \_START 4 Do A ( X D7 X P STOP

reception 33.55T 67.1T

Remark T: 8-bit counter’s source clock cycle

+15.5
320

Allowable baud rate error range (when k = 16) =
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301.95T 335.5T

x 100 = 4.8438 (%)
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(83) Communication operations

(a) Data format

448

As shown in Figure 11-49, the format of the transmit/receive data consists of a start bit, character bits, a
parity bit, and one or more stop bits.

Asynchronous serial interface mode register n (ASIMn) is used to set the character bit length, parity
selection, and stop bit length within each data frame (n = 0 to 3).

Figure 11-49. Format of Transmit/Receive Data in Asynchronous Serial Interface

} 1 data frame ‘

Start | o [ p1 | b2 | D3 | D4 | D5 | De | D7 |Parity| Stopbit

bit bit
e Startbit............. 1 bit
e Character bits ... 7 bits or 8 bits
e Parity bit ........... Even parity, odd parity, zero parity, or no parity
e Stop bit(s) ........ 1 bit or 2 bits

When 7 bits is selected as the number of character bits, only the lower 7 bits (from bit O to bit 6) are valid, so
during a transmission the highest bit (bit 7) is ignored and during reception the highest bit (bit 7) must be set
to 0.

Asynchronous serial interface mode register n (ASIMn) and baud rate generator control register n (BRGCn)
are used to set the serial transfer rate (n = 0 to 3).

If a receive error occurs, information about the receive error can be ascertained by reading asynchronous
serial interface status register n (ASISn) (n =0 to 3).
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(b) Parity types and operations
The parity bit is used to detect bit errors in transfer data. Usually, the same type of parity bit is used by the
transmitting and receiving sides. When odd parity or even parity is set, errors in the parity bit (the odd-
number bit) can be detected. When zero parity or no parity is set, errors are not detected.

(@

(i)

Even parity

During transmission
The number of bits in transmit data including a parity bit is controlled so that the number of “1” bits
is even. The value of the parity bit is as follows.

If the transmit data contains an odd number of “1” bits:  The parity bit value is “1”
If the transmit data contains an even number of “1” bits:  The parity bit value is “0”

During reception
The number of “1” bits among the receive data is counted, including a parity bit, and a parity error
is generated when the result is an odd number.

Odd parity

During transmission
The number of bits in transmit data including a parity bit is controlled so that the number of “1” bits
is odd. The value of the parity bit is as follows.

If the transmit data contains an odd number of “1” bits: ~ The parity bit value is “0”
If the transmit data contains an even number of “1” bits:  The parity bit value is “1”

During reception
The number of “1” bits among the receive data is counted, including a parity bit, and a parity error
is generated when the result is an even number.

(iii) Zero parity

During transmission, the parity bit is set to “0” regardless of the transmit data.

During reception, the parity bit is not checked. Therefore, no parity errors will be generated regardless
of whether the parity bit is a “0” or a “1”.

(iv)

No parity

No parity bit is added to the transmit data.

During reception, receive data is regarded as having no parity bit. Since there is no parity bit, no parity
errors will be generated.
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(c) Transmission

450

A transmit operation is started when transmit data is written to transmit shift register n (TXSn). A start bit,
parity bit, and stop bit(s) are automatically added to the data.

Starting a transmit operation shifts out the data in TXSn, thereby emptying TXSn, after which a transmission
completion interrupt (INTSTn) is issued.

The timing of the transmission completion interrupt is shown below.

Figure 11-50. Timing of Asynchronous Serial Interface Transmission Completion Interrupt

(a) Stop bit length: 1

TR C B B B

INTSTn |_|

(b) Stop bit length: 2

TxDn (output) \START/ DO X D1 X D2 X?gx D6 X D7 XParity/ STbP |
|

INTSTn |_|

Caution Do not write to asynchronous serial interface mode register n (ASIMn) during a transmit
operation. Writing to ASIMn during a transmit operation may disable further transmit
operations (in such cases, enter a RESET to restore normal operation).

Whether or not a transmit operation is in progress can be determined via software using
the transmission completion interrupt (INTSTn) or the interrupt request flag (STIFn) set by
INTSTn.

Remark n=0to3
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(d) Reception
A receive operation is enabled when bit 6 (RXEn) of asynchronous serial interface mode register n (ASIMn)
is set to 1, and input via the RXDn pin is sampled.
The serial clock specified by BRGCn is used when sampling the RXDn pin.
When the RXDn pin goes low, the 8-bit counter begins counting and the start timing signal for data sampling
is output when half of the specified baud rate time has elapsed. If sampling the RXDn pin input with this start
timing signal yields a low-level result, a start bit is recognized, after which the 8-bit counter is initialized and
starts counting, and data sampling begins. After the start bit is recognized, the character data, parity bit, and
one-bit stop bit are detected, at which point reception of one data frame is completed.
Once reception of one data frame is completed, the receive data in the shift register is transferred to receive
buffer register n (RXBn) and a reception completion interrupt (INTSRn) occurs.
Even if an error has occurred, the receive data in which the error occurred is still transferred to RXBn.
When an error occurs, INSTRn is generated if bit 1 (ISRMn) of ASIMn is cleared (0). On the other hand,
INTSRn is not generated if the ISRMn bit is set (1).
The receive error type can be ascertained by reading the contents of ASISn in the reception completion
interrupt servicing (INTSRn).
If the RXEn bit is reset to 0 during a receive operation, the receive operation is stopped immediately. At this
time, the contents of RXBn and ASISn do not change, nor does INTSRn occur.
The timing of the asynchronous serial interface reception completion interrupt is shown below.

Figure 11-51. Timing of Asynchronous Serial Interface Reception Completion Interrupt

RXDn (input) \START/ DO X D1 X D2 X?gx D6 X D7 XParity STOP
INTSRn |_|

Caution Be sure to read the contents of receive buffer register n (RXBn) even when a receive error
has occurred. If the contents of RXBn are not read, an overrun error will occur during the
next data receive operation and the receive error status will remain.

Remark n=0to3
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(e) Receive error
There are three types of error during a receive operation: parity errors, framing errors, and overrun errors.
When, as the result of data reception, an error flag is set in asynchronous serial interface status register n
(ASISn).
By reading the contents of ASISn during receive completion interrupt servicing (INTSRn), it is possible to
detect which error has occurred at reception.
The contents of ASISn are reset (0) by reading receive buffer register n (RXBn) or receiving subsequent data
(if there is an error in the subsequent data, the error flag is set).

Table 11-14. Receive Error Causes

Receive Error Cause ASISn Value
Parity error Parity specification at transmission and receive data parity do not match. 04H
Framing error Stop bit is not detected. 02H
Overrun error Reception of subsequent data was completed before data was read from the 01H

receive buffer register.

452

Figure 11-52. Receive Error Timing

RxDn (input) \START/ DOX D1 X D2 X?gx D6 X D7 XParity STOP
INTSRn"" |—|

Note Even if a receive error occurs when the ISRMn bit of ASIMn is set (1), INTSRn is not generated.
The receive error type can be ascertained by reading the contents of ASISn in the reception
completion interrupt servicing (INTSRn).

Cautions 1. The contents of asynchronous serial interface status register n (ASISn) are reset (0) by
reading receive buffer register n (RXBn) or receiving subsequent data. To check the
contents of an error, always read ASISn before reading RXBn.

2. Be sure to read receive buffer register n (RXBn) even when a receive error has
occurred. If RXBn is not read out, an overrun error will occur during subsequent data
reception and as a result receive errors will continue to occur.

Remark n=0to3
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11.6.4 Standby function

(1) Operation in HALT mode
Serial transfer is performed normally.

(2) Operation in STOP and IDLE modes

(a)

(b)

When internal clock is selected as serial clock

The operations of asynchronous serial interface mode register n (ASIMn), transmit shift register n (TXSn),
and receive buffer register n (RXBn) are stopped and their values immediately before the clock stopped are
held.

The TXDn pin output holds the data immediately before the clock is stopped (in STOP mode) during
transmission. When the clock is stopped during reception, the receive data until the clock stopped is stored
and subsequent receive operations are stopped. Reception resumes upon clock restart.

When external clock is selected as serial clock
Serial transfer is performed normally.
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12.1 Function

The A/D converter converts analog input signals into digital values, has a resolution of 10 bits, and can handle 12
channels of analog input signals (ANIO to ANI11).
The V850/SC1, V850/SC2, and V850/SC3 support low-speed conversion and a low-power-consumption mode.

(1) Hardware start
Conversion is started by trigger input (ADTRG) (rising edge, falling edge, or both rising and falling edges can be
specified).

(2) Software start
Conversion is started by setting A/D converter mode register 1 (ADM1).

One analog input channel is selected from ANIO to ANI11, and A/D conversion is performed. If A/D conversion
has been started by a hardware start, conversion stops once it has been completed, and an interrupt request
(INTAD) is generated. If conversion has been started by a software start, conversion is performed repeatedly. Each
time conversion has been completed, INTAD is generated.
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The block diagram is shown below.

Figure 12-1. Block Diagram of A/D Converter

‘—;—@ ADCVop

ANIO @~ 1
ANI1 ©@— ‘ ‘ i
ANB O - Sample & hold circuit AR
ANI4 ©—]| o | ! Pt b
I | Vol = |
ANI5 © g ! o\o ! oltage comparator g |
ANl @—| 2 | _L : R
e 8 | | i
ANI9 @ | ADCGND | s
ANI10 ©——= . | p—— o % |
AN1 ©— | ! !
approximation b ! ADCGND
register (SAR) oot ‘
Edge
ADTRG © detector Controller INTAD
i
A/D conversion result
4 register (ADCR)
‘ ‘ ‘ | Trigger enable
ADS3 | ADS2 | ADS1 | ADSO | |ADCS| TRG | FR2 | FR1 | FRO | EGA1 | EGAO | ADPS IEAD
Analog input channel A/D converter mode A/D converter mode
specification register (ADS) register 1 (ADM1) register 2 (ADM2)

g Internal bus g
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12.2 Configuration

The A/D converter includes the following hardware.

1)

)

@)

4)

(5)

456

Table 12-1. Configuration of A/D Converter

Item Configuration
Analog inputs 12 channels (ANIO to ANI11)
Registers Successive approximation register (SAR)

A/D conversion result register (ADCR)
A/D conversion result register H (ADCRH): Only higher 8 bits can
be read

Control registers A/D converter mode register 1 (ADM1)
A/D converter mode register 2 (ADM2)
Analog input channel specification register (ADS)

Successive approximation register (SAR)

This register compares the voltage value of the analog input signal with the voltage tap (compare voltage) value
from the series resistor string, and holds the result of the comparison starting from the most significant bit (MSB).
When the comparison result has been held down to the least significant bit (LSB) (i.e., when A/D conversion has
been completed), the contents of the SAR are transferred to the A/D conversion result register.

A/D conversion result register (ADCR), A/D conversion result register H (ADCRH)

Each time A/D conversion is complete, the result of the conversion is loaded to this register from the successive
approximation register. The higher 10 bits of this register hold the result of the A/D conversion (the lower 6 bits
are fixed to 0). This register is read using a 16-bit memory manipulation instruction. RESET input sets ADCR to
0000H.

When using only higher 8 bits of the result of the A/D conversion, ADCRH is read using an 8-bit memory
manipulation instruction.

RESET input sets ADCRH to 00H.

Caution Writing to A/D converter mode register 1 (ADM1) and the analog input channel specification
register (ADS) may cause the ADCR contents to be undefined. Therefore, read the conversion
result during A/D conversion (ADCS = 1). Incorrect conversion results may be read if the
timing is other than the above.

Sample & hold circuit

The sample & hold circuit samples each of the analog input signals sequentially sent from the input circuit, and
sends the sampled data to the voltage comparator. This circuit also holds the sampled analog input signal
voltage during A/D conversion.

Voltage comparator
The voltage comparator compares the analog input signal with the output voltage of the series resistor string.

Series resistor string

The series resistor string is connected between ADCVobo and ADCGND and generates a voltage for comparison
with the analog input signal.
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(6) ANIO to ANI11 pins
These are analog input pins for the 12 channels of the A/D converter, and are used to input analog signals to be
converted into digital signals. Pins other than ones selected as analog input with the analog input channel
specification register (ADS) can be used as input ports.

Caution Make sure that the voltages input to ANIO through ANI11 do not exceed the rated values. If a
voltage higher than ADCVob or lower than ADCGND (even within the range of the absolute
maximum ratings) is input to a channel, the conversion value of the channel is undefined, and
the conversion values of the other channels may also be affected.

(7) ADCGND pin
This is the ground pin of the A/D converter. Always make the potential at this pin the same as that at the GNDO
pin even when the A/D converter is not in use.

(8) ADCVop pin

This is the analog power supply pin of the A/D converter. Always make the potential at this pin the same as that
at the Voo pin even when the A/D converter is not in use.
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12.3 Control Registers
The A/D converter is controlled by the following registers.

e A/D converter mode register 1 (ADM1)
¢ Analog input channel specification register (ADS)
e A/D converter mode register 2 (ADM2)

(1) A/D converter mode register 1 (ADM1)
This register specifies the conversion time of the input analog signal to be converted into a digital signal, starting
or stopping the conversion, and an external trigger.
ADM1 is set by an 8-bit or 1-bit memory manipulation instruction.
'RESET input sets ADM1 to 00H.

(1/2)
After reset:  00H R/W Address: FFFFF3COH
<7> <6> 5 4 3 2 1 <0>
ADM1 ADCS TRG FR2 FR1 FRO EGA1 EGAO ADPS
ADCS A/D conversion control
0 Conversion stopped
1 Conversion enabled
TRG Software start or hardware start selection
0 Software start
1 Hardware start
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2/2
ADPS| FR2 | FR1 | FRO Selection of conversion time :
Conversion time"™' fxx
+ stabilization time"*** 20 MHz 18.87 MHz 16 MHz

0 0 0 0 168/fxx 8.4 us 8.9 us Setting prohibited
0 0 0 1 120/fxx 6.0 us 6.4 s 7.5 us
0 0 1 0 84/fxx Setting prohibited | Setting prohibited | 5.25 us
0 0 1 1 60/fxx Setting prohibited | Setting prohibited | Setting prohibited
0 1 0 0 48/fxx Setting prohibited | Setting prohibited | Setting prohibited
0 1 0 1 36/fxx Setting prohibited | Setting prohibited | Setting prohibited
0 1 1 0 Setting prohibited Setting prohibited | Setting prohibited | Setting prohibited
0 1 1 1 12/fxx Setting prohibited | Setting prohibited | Setting prohibited
1 0 0 0 168/fxx + 64/fxx 8.4+3.2us 8.9+ 3.4 us Setting prohibited
1 0 0 1 120/fxx + 60/fxx 6.0 + 3.0 us 6.4 +3.2 us 7.5+ 3.75 us
1 0 1 0 84/fxx + 42/fxx Setting prohibited | Setting prohibited | 5.25 + 2.63 us
1 0 1 1 60/fxx + 30/fxx Setting prohibited | Setting prohibited | Setting prohibited
1 1 0 0 48/fxx + 24/fxx Setting prohibited | Setting prohibited | Setting prohibited
1 1 0 1 36/fxx + 18/fxx Setting prohibited | Setting prohibited | Setting prohibited
1 1 1 0 Setting prohibited Setting prohibited | Setting prohibited | Setting prohibited
1 1 1 1 12/fxx + 6/fxx Setting prohibited | Setting prohibited | Setting prohibited
EGA1 EGAO Valid edge specification for external trigger signal

0 0 No edge detection

0 1 Detected at falling edge

1 0 Detected at rising edge

1 1 Detected at both rising and falling edges
ADPS Comparator control while A/D conversion is stopped (ADCS = 0)

0 Comparator ON

1 Comparator OFF

Notes 1. Conversion time (actual A/D conversion time).

Always set the time to 5 us < Conversion time < 10 us.

2. Stabilization time (setup time of A/D converter)
Each A/D conversion requires “conversion time + stabilization time”. There is no stabilization time
when ADPS = 0.

Cautions 1. The A/D converter cannot be used when the operation frequency is 2.4 to 3.6 MHz.
2. Cut the current consumption by setting the ADPS bit to 1 when the ADCS bit is set to 0.
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(2) Analog input channel specification register (ADS)
This register specifies the port for inputting the analog voltage to be converted into a digital signal.
ADS is set by an 8-bit or 1-bit memory manipulation instruction.
RESET input sets ADS to 00H.

After reset: 00H R/wW Address: FFFFF3C2H
7 6 5 4 3 2 1 0
ADS 0 0 0 0 ADS3 ADS2 ADS1 ADSO
ADS3 ADS2 ADS1 ADSO Analog input channel specification
0 0 0 0 ANIO
0 0 0 1 AN
0 0 1 0 ANI2
0 0 1 1 ANI3
0 1 0 0 ANI4
0 1 0 1 ANI5
0 1 1 0 ANI6
0 1 1 1 ANI7
1 0 0 0 ANI8
1 0 0 1 ANI9
1 0 1 0 ANI10
1 0 1 1 ANI11
Other than above Setting prohibited
Caution Always set bits 7 to 4 to 0.
(3) A/D converter mode register 2 (ADM2)
This register specifies connection/disconnection of ADCVbb and the series resistor string.
ADM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADM2 to 00H.
After reset: 00H R/wW Address: FFFFF3C8H
7 6 5 4 3 2 1 <0>
ADM2 0 0 0 0 0 0 0 IEAD
IEAD A/D current cut control
0 Cut between ADCVop and series resistor string
1 Connect between ADCVop and series resistor string
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12.4 Operation

12.4.1 Basic operation

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

Select one channel whose analog signal is to be converted into a digital signal by using the analog input
channel specification register (ADS).

The sample & hold circuit samples the voltage input to the selected analog input channel.

After sampling for a specific time, the sample & hold circuit enters the hold status, and holds the input analog
voltage until it has been converted into a digital signal.

Set bit 9 of the successive approximation register (SAR). The tap selector sets the voltage tap of the series
resistor string to (1/2) ADCVop.

The voltage difference between the voltage tap of the series resistor string and the analog input voltage is
compared by the voltage comparator. If the analog input voltage is greater than (1/2) ADCVop, the MSB of
the SAR remains set. If the analog input voltage is less than (1/2) ADCVbb, the MSB is reset.

Next, bit 8 of the SAR is automatically set, and the analog input voltage is compared again. Depending on
the value of bit 9 to which the result of the preceding comparison has been set, the voltage tap of the series
resistor string is selected as follows:

e Bit9=1: (3/4) ADCVbD

e Bit9=0: (1/4) ADCVbp

The analog input voltage is compared with one of these voltage taps, and bit 8 of the SAR is manipulated as
follows depending on the result of the comparison.

e Analog input voltage > Voltage tap: Bit8 =1

e Analog input voltage < Voltage tap: Bit8 =0

The above steps are repeated until the bit 0 of the SAR has been manipulated.

When comparison of all the 10 bits of the SAR has been completed, the valid digital value remains in the
SAR, and the value of the SAR is transferred and latched to the A/D conversion result register (ADCR).
At the same time, an A/D conversion end interrupt request (INTAD) can be generated.

Caution The first conversion value immediately after setting ADCS to 1 (from 0) may not satisfy the
ratings.
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Figure 12-2. Basic Operation of A/D Converter

Conversion time

Sampling time

Operation of A/D conversion

A/D converter

SAR  Undefined >< >< >< >< >< >< >< >< UCT“

Conversion
result

Sampling

ADCR

INTAD

A/D conversion is successively executed until bit 7 (ADCS) of A/D converter mode register 1 (ADM1) is reset (0)

by software.
If ADM1 and the analog input channel specification register (ADS) are written during A/D conversion, the

conversion is initialized. If ADCS is set (1) at this time, conversion is started from the beginning.
RESET input sets the A/D conversion result register (ADCR) to 0000H.
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12.4.2 Input voltage and conversion result
The analog voltages input to the analog input pins (ANIO to ANI11) and the result of the A/D conversion (contents

of the A/D conversion result register (ADCR)) are related as follows:

ADCR = INT(—N_ 1024 + 0.5)

ADCVop
Or,
(ADCR - 0.5) x _ADCVoo_ <Vin < (ADCR + 0.5) x ADCVbp
1024 1024

INT ():  Function that returns integer of value in ()

VIN: Analog input voltage

ADCVop: A/D converter reference voltage

ADCR:  Value of the A/D conversion result register (ADCR)

The relationship between the analog input voltage and A/D conversion result is shown below.

Figure 12-3. Relationship Between Analog Input Voltage and A/D Conversion Result

1023 ———+——+——+——+---—--

1022 —f—+—+—+—+—+f--------

A/D conversion result 1021
(ADCR)

2048 102420481024 2048 1024 2048 1024 20481024 2048

Input voltage/ADCVop
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12.4.3 A/D converter operation mode

In this mode one of the analog input channels ANIO to ANI11 is selected by the analog input channel specification
register (ADS) and A/D conversion is executed.

A/D conversion can be started in the following two ways:

e Hardware start: Started by trigger input (ADTRG) (rising edge, falling edge, or both rising and falling edges
can be specified)

e Software start:  Started by setting A/D converter mode register 1 (ADM1)

The result of the A/D conversion is stored in the A/D conversion result register (ADCR) and an interrupt request
signal (INTAD) is generated at the same time.
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(1) A/D conversion by hardware start
A/D conversion is on standby if bit 6 (TRG) and bit 7 (ADCS) of A/D converter mode register 1 (ADM1) are set to
1. When an external trigger signal is input, the A/D converter starts converting the voltage applied to the analog
input pin specified by the analog input channel specification register (ADS) into a digital signal.
When A/D conversion is complete, the result of the conversion is stored in the A/D conversion result register
(ADCR), and an interrupt request signal (INTAD) is generated. Once A/D conversion has been started and
completed, conversion is not started again unless a new external trigger signal is input.
If data with ADCS set to 1 is written to ADM during A/D conversion, the conversion under execution is stopped,
and the A/D converter stands by until a new external trigger signal is input. If the external trigger signal is input,
A/D conversion is executed again from the beginning.
If data with ADCS set to 0 is written to ADM1 during A/D conversion, the conversion is immediately stopped.

Figure 12-4. A/D Conversion by Hardware Start (with Falling Edge Specified)

External trigger
input signal

Rewriting ADS Rewriting ADS
ADCS = 1, TRG = 1 ADCS =1, TRG = 1
A/D conversion Standby | aANin | ANIn SV AN Standby ANIm | ANIm | ANIm
status status status

W I L
IR | EERERR

ADCR ANIn ANIn ANIn <ANIm ANIm

L L

Remarks 1. n=0,1,.., 11
2. m=0,1, .., 11
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(2) A/D conversion by software start
If bit 6 (TRG) and bit 7 (ADCS) of A/D converter mode register 1 (ADM1) are set to 1, the A/D converter starts
converting the voltage applied to an analog input pin specified by the analog input channel specification register
(ADS) into a digital signal.
When A/D conversion is complete, the result of the conversion is stored in the A/D conversion result register
(ADCR), and an interrupt request signal (INTAD) is generated. Once A/D conversion has been started and
completed, the next conversion is started immediately. A/D conversion is repeated until new data is written to
ADS.
If ADS is rewritten during A/D conversion, the conversion under execution is stopped, and conversion of the
newly selected analog input channel is started.
If data with ADCS set to 0 is written to ADM1 during A/D conversion, the conversion is immediately stopped.

Figure 12-5. A/D Conversion by Software Start

Rewriting ADS Rewriting ADS
ADCS =1, TRG=0 ADCS =1, TRG=0 ADCS =0
A/D conversion ANIn ANIn ANIn ANIm ANIm

Conversion stopped.
Conversion result
does not remain.

| ! |

ADCR ANIn ANIn ANIm

] 1

Remarks 1. n=0,1, ..., 11
2. m=0,1, .., 11

Stopped
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12.5 Low-Power-Consumption Mode

The V850/SC1, V850/SC2, and V850/SC3 feature a function that can cut or connect the current between ADCVobp
and the series resistor string. Switching can be performed by setting A/D converter mode register 2 (ADM2).

When not using the A/D converter, cut off the tap selector (a function to reduce current) from the voltage supply
block (ADCVbp) while A/D conversion is stopped (ADCS = 0) to cut the current consumption.

o Set the ADPS bit of A/D converter mode register 1 (ADM1) to 1.
e Set the ADPS bit of A/D converter mode register 2 (ADM1) to 0.

When the ADPS bit is reset to 0 (comparator on), stabilization time (5 us max.) is required before starting A/D
conversion. Therefore, secure a wait of at least 5 us by software.

12.6 Cautions

(1) Current consumption in standby mode
The A/D converter stops operation in the IDLE and STOP modes (operable in the HALT mode). At this time, the
current consumption of the A/D converter can be reduced by stopping the conversion (by re-setting bit 7 (ADCS)
of A/D converter mode register 1 (ADM1) to 0).

(2) Input range of ANIO to ANI11
Keep the input voltage of the ANIO through ANI11 pins to within the rated range. If a voltage greater than
ADCVob or lower than ADCGND (even within the range of the absolute maximum ratings) is input to a channel,
the converted value of the channel becomes undefined. Moreover, the values of the other channels may also be
affected.

(3) Conflict

<1> Conflict between writing A/D conversion result register (ADCR) and reading ADCR at end of
conversion
Reading ADCR takes precedence. After ADCR has been read, a new conversion result is written to ADCR.

<2> Conflict between writing ADCR and external trigger signal input at end of conversion
The external trigger signal is not input during A/D conversion. Therefore, the external trigger signal is not
accepted during the writing of ADCR.

<3> Conflict between writing of ADCR and writing A/D converter mode register 1 (ADM1) or analog input
channel specification register (ADS)
When ADM1 or ADS is written immediately after ADCR is written following the end of A/D conversion, an
undefined value is stored in the ADCR register, so the conversion result is not guaranteed.
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(4) Countermeasures against noise
To keep the resolution of 10 bits, it is necessary to prevent noise from being superimposed on the ANIO to ANI11
pins. The higher the output impedance of the analog input source, the heavier the influence of noise. To lower
noise, connecting an external capacitor as shown below is recommended.

Figure 12-6. Handling of Analog Input Pin

Clamp with diode with a low VF (0.3 V MAX.) if noise higher than
S ADCVoo or lower than ADCGND may be generated.

Vbbo

/ ADCVop

C =100 to 1000 pF

1
JZ

ADCGND

GNDO

(5) ANIO to ANI11
The analog input (ANIO to ANI11) pins function alternately as port pins.
To execute A/D conversion with any of ANIO to ANI11 selected, do not execute an instruction that inputs data to
the port during conversion; otherwise, the resolution may drop.
If a digital pulse is applied to pins adjacent to the pin whose input signal is converted into a digital signal, the
expected A/D conversion result may not be obtained because of the influence of coupling noise. Therefore, do
not apply a pulse to the adjacent pins.
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(6) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the contents of the analog input channel specification
register (ADS) are changed.
If the analog input pin is changed during conversion, therefore, the result of the A/D conversion of the preceding
analog input signal and the conversion end interrupt request flag may be set immediately before ADS is
rewritten. If ADIF is read immediately after ADS has been rewritten, it may be set despite the fact that
conversion of the newly selected analog input signal has not been completed yet.
When stopping A/D conversion and then resuming, clear ADIF before resuming conversion.

Figure 12-7. A/D Conversion End Interrupt Generation Timing

Rewriting ADS Rewriting ADS ADIF is set but conversion
(ANIn conversion starts) (ANIm conversion starts) _ of ANIm is not completed.
A/D conversion ANIn ANIn ANIm ANIm

ADCR >< ANIn ANIn ANIm ANIm

A e

INTAD

Remarks 1. n=0,1, .., 11
2. m=0,1, .., 11
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(7) ADCVop pin
The ADCVop pin is the power supply pin of the analog circuit, and also supplies power to the input circuit of ANIO
to ANI11. Even in an application where a back-up power supply is used, therefore, be sure to apply the same
voltage as the Vboo pin to the ADCVbp pin as shown below.

Figure 12-8. Handling of ADCVob Pin

Vbbo
ADCVop
Main power supply Back-up
T capacitor
. GNDO
ADCGND

(8) Reading out A/D converter result register (ADCR)
Writing to A/D converter mode register 1 (ADM1) and the analog input channel specification register (ADS) may
cause the ADCR contents to be undefined. Therefore, read the conversion result during A/D conversion (ADCS
=1). Incorrect conversion results may be read if the timing is other than the above.
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13.1 Functions

The DMA (Direct Memory Access) controller transfers data between memory and peripheral 1/0Os based on DMA
requests sent from on-chip peripheral hardware (such as the serial interfaces, timer, or A/D converter).

This product includes six independent DMA channels that can transfer data in 8-bit and 16-bit units. The
maximum number of transfers is 256 (when transferring data in 8-bit units).

After a DMA transfer has occurred a specified number of times, DMA transfer completion interrupt (INTDMAO to
INTDMADS) requests are output individually from the various channels.

The priority levels of the DMA channels are fixed as follows for simultaneous generation of multiple DMA transfer
requests.

DMAO > DMA1 > DMA2 > DMAS3 > DMA4 > DMA5
13.2 Transfer Completion Interrupt Request
After a DMA transfer has occurred a specified number of times and the TCn bit in corresponding DMA channel

control register is 0 to 5 (DCHCO to DCHCS5) has been set to 1, a DMA transfer completion interrupt request
(INTDMAO to INTDMADS) for the interrupt controller occurs on each channel.
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* 13.3 Configuration

1

()

472

Figure 13-1. DMA Block Diagram

DMA transfer start factor ] — | DMA transfer
(INT signal) ——request control

DMA peripheral I/O address
register n (DIOAN)

DMA byte count register n
(DBCn)

Channel
control

DMA internal RAM address -
register n (DRAN)

INTDMAN =—

DMA start factor expansion
register (DMAS)

DMA channel control
register n (DCHCn)

DMA transfer acknowledge signal

Y

Interface |+ | Internal
control | RAM

CPU

I

I

Internal bus

1

Peripheral 1/0
register

Remark n=0to5

DMA transfer request control block

The DMA transfer request control block generates a DMA transfer request signal for the CPU when the DMA
transfer start factor (INT signal) specified by DMA channel control register n (DCHCn) and the DMA start factor

expansion register (DMAS) is input.

When the DMA transfer request signal is acknowledged, the CPU generates a DMA transfer acknowledge signal
for the channel control block and interface control block after the current CPU processing has finished.

Channel control block

The channel control block distinguishes the DMA transfer channel (DMAO to DMAS5) to be transferred and
controls the internal ROM, peripheral I/O addresses, and access cycles (internal RAM: 1 clock, peripheral 1/0
register: 3 clocks) set by the peripheral I/O registers of the channel to be transferred, the transfer direction, and
the transfer count. In addition, it also controls the priority order when two or more DMAn transfer start factors

(INT signals) are generated simultaneously.
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13.4 Control Registers

(1) DMA peripheral I/0 address registers 0 to 5 (DIOAO to DIOAS5)
These registers are used to set the peripheral I/O register address for DMA channel n.
These registers can be read/written in 16-bit units.

After reset: Undefined ~ R/W Address: DIOAO  FFFFF180H DIOA3 FFFFF1BOH
DIOA1  FFFFF190H DIOA4 FFFFF1COH
DIOA2  FFFFF1AOH DIOA5 FFFFF100H

DIOAN 0 0 0 0 0 0 I0AN9 to I0AN1 0
(n=0to5)

Caution The following peripheral I/O registers must not be set.
P4, P5, P6, P9, P11, PM4, PM5, PM6, PM9, PM11, MM, DWC, BCC, SYC, PSC, PCC, SYS,
PRCMD, DIOAn, DRAn, DBCn, DCHCnh, CORCN, CORRQ, CORADN, interrupt control register
(xxICn), ISPR, POCS, VM45C, FCAN register (see CHAPTER 19)

(2) DMA internal RAM address registers 0 to 5 (DRAO to DRA5)
These registers set DMA channel n internal RAM addresses (n = 0 to 5).
Since each product has a different internal RAM capacity, the internal RAM areas that are usable for DMA differ
depending on the product. The internal RAM areas that can be set in the DRAn register for each product are
shown below.

Table 13-1. Internal RAM Area Usable in DMA

Product Internal RAM RAM Size RAM Area Usable in DMA
Capacity Usable in DMA
V850/SC1 | uPD703068Y, 70F3089Y 24 KB 16 KB xxFF9000H to xxFFBFFFH,
V850/SC2 | uPD703069Y, 70F3089Y xxFFEOOOH to xxFFEFFFH
V850/SC3 | uPD703088Y, 703089Y, 70F3089Y

An address is incremented after each transfer is completed, when the DADn bit of the DCHDn register is 0. The
incrementation value is “1” during 8-bit transfers and “2” during 16-bit transfers (n = 0 to 5).
These registers are can be read/written in 16-bit units.

After reset: Undefined ~ R/W Address: DRAO  FFFFF182H DRA3  FFFFF1B2H
DRA1  FFFFF192H DRA4 FFFFF1C2H
DRA2  FFFFF1A2H DRA5 FFFFF1D2H

DRAN 0 0 RAN13 to RANOO

(n=0to5)
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The following shows the correspondence between the DRAnN setting value and the internal RAM area.

(a) v850/SC1 (uPD703068Y, 70F3089Y)
V850/SC2 (uPD703069Y, 70F3089Y)
V850/SC3 (uPD703088Y, 703089Y, 70F3089Y)
Set the DRAN register to a value in the range of 0000H to OFFFH or 1000H to 3FFFH (n = 0 to 5).

Figure 13-2. Correspondence Between DRAnN Setting Value and Internal RAM

(DRAnN setting value)

xxFFFFFFH
Internal peripheral
I/O area
xxFFFOOOH | |
xxFFEFFFH (OFFFH)
4 KB (usable for DMA)
xxFFEO00H [ 1 (0000H)
xxFFDFFFH
xxFFCO00H Internal RAM area  f;----------
xxFFBFFFH (3FFFH)
12 KB (usable for DMA)
xxFF9000H 1_ (1000H)
xxFF8FFFH .
Access-prohibited
xxFF8000H area
xxFF7FFFH
Expansion ROM area

Caution Do not set odd addresses for 16-bit transfer (DCHCn register DSn = 1).

Remark The values in parentheses indicate the DRAN register setting values.
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(3) DMA byte count registers 0 to 5 (DBCO to DBC5)
These are 8-bit registers that are used to set the number of transfers for DMA channel n.
The remaining number of transfers is retained during DMA transfer.
The transfer count is decremented by 1 per transfer if the transfer is a byte (8-bit) transfer, and by 2 per transfer if
the transfer is a 16-bit transfer. Transfer ends when a borrow operation occurs. Accordingly, “number of
transfers — 1” should be set for byte (8-bit) transfers and “(number of transfers — 1) x 2” should be set for 16-bit
transfers.
These registers can be read/written in 8-bit units.

After reset: Undefined R/W Address: DBCO FFFFF184H DBC3 FFFFF1B4H
DBC1 FFFFF194H DBC4 FFFFF1C4H
DBC2 FFFFF1A4H DBC5 FFFFF1D4H

7 6 5 4 3 2 1 0

DBCn BCn7 BCn6 BCn5 BCn4 BCn3 BCn2 BCn1 BCnoO
(n=0to5)

Caution Values set to bit 0 are ignored during 16-bit transfers.

(4) DMA start factor expansion register (DMAS)
This is an 8-bit register for expanding the factors that start DMA.
The DMA start factor is decided according to the combination of TTYPn1 and TTYPnO of the DCHCn register.
For setting bits DMAS2 to DMASQO, refer to (6) Start factor settings (n =0 to 5).
This register can be read/written in 8- or 1-bit units.

After reset: 00H R/W Address: FFFFF38EH
7 6 5 4 3 2 1 0
DMAS 0 0 0 0 0 DMAS2 DMASH1 DMASO
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(5) DMA channel control registers 0 to 5 (DCHCO to DCHC5)
These registers are used to control the DMA transfer operation mode for DMA channel n.
Refer to (6) Start factor settings for the setting of the TTYPn1 and TTYPnO bits.
These registers can be read/written in 8- or 1-bit units.

After reset:  00H RIW Address: DCHCO FFFFF186H DCHC3 FFFFF1B6H
DCHC1 ~ FFFFF196H DCHC4 FFFFF1C6H
DCHC2 ~ FFFFF1A6H DCHC5 FFFFF1D6H

<7> 6 <5> 4 3 <2> <1> <0>
DCHCn TCn 0 DDADnN TTYPn1 TTYPNnO TDIRn DSn ENn
(n=0to5)
TCn DMA transfer completed/not completed"™®’
0 Not completed
1 Completed
DDADn Internal RAM address count direction control
0 Increment
1 Address is fixed
TDIRn Transfer direction control between peripheral I/0 and internal RAM"**?
0 From internal RAM to peripheral 1/0
1 From peripheral I/O to internal RAM
DSn Control of transfer data size for DMA transfer™**
0 8-bit transfer
1 16-bit transfer
ENn Control of DMA transfer enable/disable status"***
0 Disabled
1 Enabled (reset to 0 after DMA transfer is completed)

Notes 1. TCn (n =0 to 5) is set (1) when a specified number of transfers are complete, and is cleared (0) when
a write instruction is executed.
2. Make sure that the transfer format conforms to the peripheral I/O register specifications (access-
enabled data size, read/write, etc.) for the DMA peripheral I/O address register (DIOAnR).
3. After the specified number of transfers is complete, this bit is cleared to 0.
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(6) Start factor settings
The DMA start factor is set using bits 2 to 0 (DMAS2 to DMASO) of the DMA start factor expansion register
(DMAS) in combination with bits 4 and 3 (TTYPn1, TTYPnO) of DMA channel control registers 0 to 5 (DCHCO to
DCHC5)(n = 0 to 5).
Table 13-2 shows the DMA start factor settings.

Cautions 1. If the interrupt that is the DMA start factor is not masked, interrupt servicing is performed
each time DMA starts.
To prevent interrupt servicing from being performed, mask the interrupt.

2. If an interrupt source is generated asynchronously to the internal system clock, do not set
the interrupt source as a multiple DMA start trigger (for example, when the serial interface
is operated on the external clock input).

If set, the priority order of DMA may be reversed.
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Table 13-2. Start Factor Settings

Channel n DMAS2 DMASH1 DMASO TTYPn1 TTYPnO DMA Transfer Start Factor Setting
0 X X X 0 0 INTCSIO/INTIICO
0 1 INTCSI5
1 0 INTAD
1 1 INTTMOO
1 X X 0 0 0 INTCSIO/INTIICO
1 0 0 INTCSI1/INTSRO
X 0 1 INTSTO
1 0 INTPO
1 1 INTSR3
2 X 0 X 0 0 INTCSI2/INTIICA
1 0 0 INTCSI3/INTSR1
X 0 1 INTP6
1 0 INTIE1 (setting prohibited for other
than V850/SC2)
1 1 INTAD
3 0 X X 0 0 INTCSI6
1 0 0 INTCSI3/INTSR1
X 0 1 INTST2
1 0 INTIE1 (setting prohibited for other
than V850/SC2)
1 1 INTTM70
4 X X X 0 0 INTSTH
0 1 INTCSI4/INTSRO
1 0 INTCSI6
1 1 INTSR2
5 X X X 0 0 INTST3
0 1 INTCSI4/INTSRO
1 0 INTCSI2/INTIICA
1 1 INTTM6/INTP9
Remarks 1. DMAS2 to DMASO: Bits 2 to 0 of the DMA start factor expansion register (DMAS)
2. TTYPn1, TTYPnO: Bits 4 and 3 of DMA channel control register n (DCHCn)
3. x:don’tcare
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13.5 Operation
When a DMA transfer request is generated during CPU processing, DMA transfer is started after the current CPU
processing has finished. Regardless of the transfer direction, 4 CPU clocks (fceu) are required for one DMA transfer.

The 4 CPU clocks are divided as follows.

o |Internal RAM access: 1 clock
e Peripheral I/0O access: 3 clocks

After one DMA transfer (8/16 bits) ends, control always shifts to the CPU processing.
A DMA transfer operation timing chart is shown below.

Figure 13-3. DMA Transfer Operation Timing

sSinnhsmnnnnnnn

DMA transfer processing signal

3) i
T¢ 5

DMA transfer acknowledge signal 3

(€

D)

(€6
. : DMA transfer
Processing format CPU processmg§ N processing

(€4

CPU processing

Access destination for transfer from

internal RAM to peripheral 1/0 RAM] Peripheral I/O

Access destination for transfer from

peripheral I/O to internal RAM Peripheral /O [RAM

JAN
INTDMARN occurs when a DBCn
register borrow occurs

Remark n=0to5

If two or more DMA transfer requests are generated simultaneously, the DMA transfer requests are executed in
accordance with the following priority order: DMAO > DMA1 > DMA2 > DMAS3 > DMA4 > DMA5. While a higher
priority DMA transfer request is being executed, the lower priority DMA transfer requests are held pending. After the
higher priority DMA transfer ends, control always shifts to the CPU processing once, and then the lower priority DMA
transfer is executed.

The processing when the transfer requests DMAO to DMAS5 are generated simultaneously is shown below.
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Figure 13-4. Processing When Transfer Requests DMAO to DMA5 Are Generated Simultaneously

)) )) )) )) ))
T( T( U

DAMS CPU.
processing| processing

DAM4
processing|

CPU. DAMQ CPU. DAM1 CPU. DAM2 CPU. DAM3 CPU. CPU.
processing|processing|processing|processing|procgssing|processing|processing|processing{processing processing
A 1 o I 14 1

Transfer requests DMAO to DMA5
are generated simultaneously

DMA operation stops only in the IDLE/STOP mode. In the HALT mode, DMA operation continues. DMA also
operates during the bus hold period and after access to the external memory.

* 13.6 Cautions

When using the DMA function, if all the following conditions are met during the El state (interrupt enable state),
two interrupts occur when only one interrupt would occur normally.

[Occurrence conditions]
(i) A bit manipulation instruction (SET1, CLR1, NOT1, TST1) was executed to the interrupt request flag
(xxIFn) of the interrupt control register (xxICn).
(i) Aninterrupt was processed by hardware at the same register as the register used in (i).

Remark xx: Identifying name of peripheral unit (see Table 7-2)
n: Peripheral unit number (see Table 7-2)

For example, when using the DMA function, if an unmasked INTCSIO interrupt occurs during bit manipulation of
the interrupt request flag (CSIF0) of the CSICO register by the CLR1 instruction, INTCSIO interrupt servicing occurs
twice.

Under such conditions, because the interrupt request flag (xxIF) is not cleared (0) by hardware when the interrupt
servicing is acknowledged, the interrupt servicing is executed again after RETI instruction execution (interrupt
servicing restoration).

Therefore, use the DMA function under either of the following conditions.

[Use conditions]
(i)  When bit manipulation is executed for the interrupt control register (xxICn), the DI instruction must be
executed before the manipulation and the El instruction must be executed after the manipulation.
(ii) The interrupt request flag (xxIFn) must be cleared (0) at the start of the interrupt routine.

Caution When the DMA function is not used, execution of (i) or (ii) is not necessary.

Remark xx: Identifying name of peripheral unit (see Table 7-2)
n: Peripheral unit number (see Table 7-2)
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Figure 13-5. When Interrupt Servicing Occurs Twice During DMA Operation (1/2)

(a) Normal interrupt servicing

Main routine Interrupt serwcmg routine

Interrupt request flag (xxIFn) is
/ cleared (0).
|
Interrupt request —

RETI

m

(b) Interrupt servicing when interrupt servicing occurs twice

.

C Main routine ) Interrupt servicing routine

*+ Interrupt request flag (xxIFn) is
not cleared and remains 1.

E‘I
Bit manipulation
instruction to xxIFn

Interrupt request —

Since the interrupt request flag 4
(xxIFn) remains 1, the interrupt”
is serviced again.

17" Interrupt request flag (xxIFn) is
cleared (0).

RETI

Remark xx: Identifying name of peripheral unit (see Table 7-2)
n: Peripheral unit number (see Table 7-2)
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Figure 13-5. When Interrupt Servicing Occurs Twice During DMA Operation (2/2)

(c) Countermeasure (use condition (i))

C Main routine )

| Interrupt servicing routine
DI o

) ! ) cleared (0).
Bit manipulation

instruction to xxIFn
Interrupt request »|
El

The interrupt is serviced in the El state J' >
(interrupt enable state) (the interruptis” ">~y
not serviced immediately after bit

manipulation instruction execution).

RETI

(d) Countermeasure (use condition (ii))

( Main routine ) Interrupt servicing routine

]

J ' Interrupt request flag (xxIFn) is
not cleared (0) and remains 1.

E‘I
Bit manipulation
instruction to xxIFn

xxIFn is cleared

(0) at the start of
the interrupt

servicing routine

El

Interrupt request —

RETI

Remark xx: Identifying name of peripheral unit (see Table 7-2)
n: Peripheral unit number (see Table 7-2)
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CHAPTER 14 RESET FUNCTION

.1 General

There are three methods used to generate a reset signal.

(1) External reset by RESET signal input
(2) Internal reset by watchdog timer loop time detection (watchdog timer overflow)
(3) Internal reset by power-on-clear (POC)

External reset by RESET signal input

When low-level input occurs at the RESET pin, a system reset is performed and the various on-chip hardware
devices are reset to their initial settings. In addition, oscillation of the main clock is stopped during the reset
period, although oscillation of the subclock continues.

When the input at the RESET pin changes from low level to high level, the reset status is canceled and the CPU
resumes program execution after the oscillation stabilization time has elapsed (2'%fxx). The contents of the
various registers should be initialized within the program as necessary.

An on-chip noise eliminator uses analog delay to prevent noise-related malfunction at the RESET pin.

Internal reset by watchdog timer loop time detection

When the watchdog timer overflows, a system reset is performed and the various on-chip hardware devices are
initialized. In addition, the main clock stops oscillation during the reset period, although the subclock continues
oscillation.

The reset by the watchdog timer is released immediately after reset and the CPU resumes program execution
after the oscillation stabilization time has elapsed (2'%/fxx).

Internal reset by power-on-clear (POC)
When either of the following conditions is satisfied, a system reset is performed by power-on-clear.

o When the supply voltage is less than 3.5 V" at power application
e When the supply voltage is less than 2.2 V™ in STOP mode

"¢ (other than when STOP mode is selected)

e When the supply voltage becomes less than 3.5 V

When any one of the conditions above is satisfied, a system reset is performed and the various on-chip hardware
devices are initialized. In addition, the main clock stops oscillation during the reset period, although the subclock
continues oscillation.

The power-on-clear reset is released after the power supply voltage reaches a certain voltage and the system
starts program execution after the oscillation stabilization time has elapsed (2"%/fxx).

Whether the 3.5 V power-on-clear reset detection voltage is enabled or disabled is set using the POCC register
(when initial power is supplied, it is enabled).

Note The voltage values are maximum values; a system reset is actually performed at lower voltage than each.

User's Manual U15109EJ3VOUD 483



CHAPTER 14 RESET FUNCTION

14.2 Pin Operations

During the system reset period, almost all pins are set to high impedance (except for m', X2, XT2, CPUREG,
Vobo, Vob1, ADCVbp, ADCGND, PORTVbobo to PORTVbp2, PORTGNDO, PORTGND1, GNDO, GND1, GND2, and
Vrr/IC).

Accordingly, if connected to an external memory device, be sure to attach a pull-up (or pull-down) resistor to each
pin. If such a resistor is not attached, these pins will be set to high impedance, which could damage the data in
memory devices. Likewise, make sure the pins are handled so as to prevent such effects at the signal outputs by on-
chip peripheral I/O functions and output ports.

Figure 14-1. System Reset Timing by RESET Signal Input

IR ——

Oscillation stabilization time

RESET
Analog delay Analog delay Analog delay
Internal system
reset signal I
Eliminated as noise  Reget is accepted Reset is canceled

13.1 ms (@20 MHz operation)

Figure 14-2. System Reset Timing by Watchdog Timer Overflow
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time% / '\ stopped) ! time wait
overflow ! -
Internal ' l—l :
reset signal ; :
Port pin >______________________________H_i-_Z_ ______________________________
of I/0 port
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Figure 14-3. System Reset Timing by Power-on-Clear

(a) At power application
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14.3 Power-on-Clear Operation

The V850/SC1, V850/SC2, and V850/SC3 include a power-on-clear circuit (POC), through which low-voltage
detection and Vboo pin voltage detection (4.2 £0.3 V) can be performed by means of the POC status register (POCS).

(1) POC status register (POCS)
When a power-on-clear is generated, bit 0 of the POCS register is set to 1.
In addition, if the voltage level at the Vooo pin is less than 4.2 £0.3 V, bit 1 (VM45) of the POCS register is set to
1, enabling detection of a voltage level of less than 4.2 £0.3 V at the Vboo pin.
In the case of a reset generated by the RESET pin, however, the POCM and VM45 bits retain their previous
statuses. A low-voltage state can be detected by reading the POCS register following reset cancellation.
The POCS register is read-only, using an 8-bit memory manipulation instruction. This register is reset when read.

After reset: Retained"™™ R Address: FFFFFO7AH
7 6 5 4 3 2 1 0
POCS 0 0 0 0 0 0 VM45 POCM
POCM Detection of power-on-clear generation status
0 Power-on-clear not generated
1 Power-on-clear reset generated
VM45 Detection of Vooo pin voltage level
0 Voo pin voltage of less than 4.5 V not detected
1 Vooo pin voltage of less than 4.5 V detected

Note This value is 03H only after a power-on-clear reset; it is not initialized by a reset from the
RESET pin.
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(2) VM45 control register (VM45C)
The detection status (detected/undetected) according to the VM45 bit of the POCS register can be output
(monitored) at the VM45/P176 pin via control by the VM45C register.

After reset: O0H R/W Address: FFFFFO7CH
7 6 5 4 3 2 1 0
POCS 0 0 0 0 0 0 VM45C1 | VM45C0
VM45CH1 VM45 (Vooo 4.5 V monitor) output enabled/disabled
0 VMA45 output at VM45/P176 pin disabled (port function)
1 VM45 output at VM45/P176 pin enabled"™
VM45C0 VM45 (Vooo 4.5 V monitor) output selection
0 High-level output when VM45 detected
1 Low-level output when VM45 detected

Note When using P176 as an alternate function pin, it is necessary to set the PM176 bit of the port 17
mode register (PM17) to 0 (output mode), or the P176 bit of port 17 (P17) to 0 (0 output).

(3) POC control register (POCC)
This register sets whether the 3.5 V power-on-clear reset detection voltage is enabled disabled.
However, detection of less than 2.5 V in STOP mode cannot be disabled.
Reset by power-on-clear when the initial power supply is applied is enabled, and reset by power-on-clear caused
by a subsequent voltage drop is prohibited. Reset applied through the RESET pin clears POCC to O0H.
The POCC register is set by an 8-bit memory manipulation instruction.

After reset: 00H R/W Address: FFFFFO76H
7 6 5 4 3 2 1 0
POCC 0 0 0 0 0 0 0 POCCO
POCCO 3.5 V power-on-clear reset detection voltage enabled/disabled
0 Enabled (3.5 V power-on-clear reset detection voltage is valid)
1 Disabled (3.5 V power-on-clear reset detection voltage is invalid)

User's Manual U15109EJ3VOUD 487



CHAPTER 15 REGULATOR

15.1 Outline

The V850/SC1, V850/SC2, and V850/SC3 incorporate a regulator to realize a 5 V single power supply, low power
consumption, and to reduce noise.

This regulator supplies a voltage obtained by stepping down the Vop power supply voltage to oscillation block and
on-chip logic circuits (excluding the A/D converter and output buffers). The regulator output voltage is set to 3.3 V.

Refer to 2.4 1/0 Circuit Types, /O Buffer Power Supply and Connection of Unused Pins for the power supply
corresponding to each pin.

Figure 15-1. Regulator (uPD70F3089Y)

Vop1-system I/O buffer
ADCVop \ VbD1
il (O Nt O M
ADCVop-system ' H
input buffer A\ .
P H 40Vto55V 40Vto55V|[|3.0Vto5.5 V/:/f PORTVop2-system I/O buffer

: A/D converter

45Vt055V () PORTVop2
PORTVbpo-system : '
I/0 buffer \ :
: Internal digital circuit :
: (33V) 5
'13.0V '
| to y'y :
PORTVooo & 5.5 v Main/Sub :
: > oscillator :
: Regulator jm .
: > Flash H
: memory :
: 80Vi055V, |!
Y WY SN (O —

Vobo CPUREG Veer PORTVDD!
1uF PORTVopi-system I/O buffer
(Recommended)
Remark . Bidirectional level shifter

15.2 Operation

The regulator of the V850/SC1, V850/SC2, and V850/SC3 operates in every mode (STOP, IDLE, HALT).
For stabilization of regulator outputs, connect a capacitor of about 1 uF (recommended value) to the CPUREG pin.
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16.1 General

The ROM correction function provided in the V850/SC1, V850/SC2, and V850/SC3 is a function that replaces part
of a program in the mask ROM with a program in the internal RAM.

First, the instruction of the address where the program replacement should start (correction address) is replaced
with the JMP r0 instruction and instructed to jump to 00000000H. The correction request register (CORRQ) is then
checked. At this time, if the CORRQnN flag is set to 1, program control shifts to the internal RAM after jumping to the
internal ROM area by an instruction such as a jump instruction (n = 0 to 3).

Instruction bugs found in the mask ROM can be avoided, and program flow can be changed by using the ROM
correction function.

Up to four correction addresses can be specified.

Cautions 1. The ROM correction function cannot be used for the data in the internal ROM; it can only be
used for instruction codes. If the ROM correction is carried out on data, that data will replace
the instruction code of the JMP r0 instruction.

2. ROM correction for the instructions that access the CORCN, CORRQ, or CORADO to CORAD3
registers is prohibited.

Figure 16-1. Block Diagram of ROM Correction

% Instruction address bus S

Correction address
register n (CORADnN)

JMP 10 instruction ROM
generator (1 MB area)

; ) ] > Instruction Instruction data
Correction control register D—V S Q —»
replacement bus

(CORCNRN bit)
R
J Correction request

register (CORRQn bit)

Comparator

0 clear instruction

Remark n=0to3
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CHAPTER 16 ROM CORRECTION FUNCTION

16.2 ROM Correction Peripheral /O Registers

16.2.1 Correction control register (CORCN)

CORCN controls whether or not the instruction of the correction address is replaced with the JMP r0 instruction
when the correction address set to the correction address register (CORADN) matches the fetch address (n = 0 to 3).
Whether match detection by a comparator is enabled or disabled can be set for each channel.

CORCN can be set by an 8-bit or 1-bit memory manipulation instruction.

After reset: 00H R/W Address: FFFFF36CH
7 6 5 4 <3> <2> <1> <0>
CORCN 0 0 0 0 COREN3 COREN2 CORENT1 CORENO
CORENnN CORADN register and fetch address match detection control (n = 0 to 3)
0 Match detection disabled
1 Match detection enabled

Remark n=0t03

16.2.2 Correction request register (CORRQ)

CORRAQ saves the channel in which ROM correction occurred. The JMP r0 instruction makes the program jump to
00000000H after the correction address matches the fetch address. At this time, the program can judge the following

cases by reading CORRQ.

¢ Reset input: CORRQ = 00H
¢ ROM correction generation: CORRQn bit=1 (n=010 3)
¢ Branch to 00000000H by user program: CORRQ = 00H

After reset: 00H R/W Address: FFFFF36EH
7 6 5 4 <3> <2> <1> <0>
CORRQ 0 0 0 0 CORRQ3 CORRQ2 CORRQ1 CORRQO
CORRQN™™ Channel n ROM correction request flag
0 No ROM correction request occurred.
1 ROM correction request occurred.

Note The CORRQn bit is cleared by a “write 0” instruction.

Remark n=0t03
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16.2.3 Correction address registers 0 to 3 (CORADO to CORAD?3)

CORADRN sets the start address of the instruction to be corrected (correction address) in the ROM.

Up to four points of the program can be corrected at once since the V850/SC1, V850/SC2, and V850/SC3 have
four correction address registers (CORADN) (n = 0 to 3).

Set 00000000H to 0007FFFEH since the V850/SC1, V850/SC2, and V850/SC3 incorporate a 512 KB ROM.

Bits 0 and 18 to 31 should be fixed to 0.

After reset: 00000000H R/W Address: CORADO: FFFFF370H CORAD2: FFFFF378H
CORAD1: FFFFF374H CORADS3: FFFFF37CH

31 18 17 10

comon | |1 L LTTEETTEETTEETTETTTEETTETT

Fixed to 0 Correction address 0

(n=01t03)
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Figure 16-2. ROM Correction Operation and Program Flow

/
C START(reset vector) >

No

CORRQnN =07

Yes

Microcontroller initialization

Clears CORRQn flag.
JMP channel n correct code address

The address of the internal RAM that
stores the correction code of channel n

Data for ROM correction setting is loaded

from an external memory into the internal

RAM to initialize ROM correction function. should be preset before the instruction

If there is a correction code, it is loaded in that makes the program jump to this

the internal RAM. address is stored in the internal ROM.

Executes correction program code

-l
=

Executes internal ROM program

Jumps to internal ROM

A

Correction address?

Caution

Remark

492

|:|: Executed by a program stored in the internal ROM

Executed by a program stored in the internal RAM

a E: Executed by the ROM correction function

Check the ROM correction generation from a vector table with a high interrupt level when
executing ROM correction during a vector interrupt routine. If an interrupt conflicts with ROM
correction, processing is branched to an interrupt vector, where, if ROM correction is being re-
executed, CORRQn is set (1) again and multiple CORRQn flags are set (1). The channel for
which ROM correction is to be executed is determined by the interrupt level.

n=0to3
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CHAPTER 17 FLASH MEMORY (uPD70F3089Y)

The uPD70F3089Y is the flash memory version of the V850/SC1, V850/SC2, and V850/SC3 and incorporates a
512 KB flash memory.

Caution There are differences in the amount of noise tolerance and noise radiation between flash
memory versions and mask ROM versions. When considering changing from a flash memory
version to a mask ROM version during the process from experimental manufacturing to mass
production, make sure to sufficiently evaluate commercial samples (CS) (not engineering
samples (ES)) of the mask ROM versions.

In the instruction fetch to this flash memory, 4 bytes can be accessed by a single clock as well as the mask ROM
version.

Writing to flash memory can be performed with memory mounted on the target system (on board). A dedicated
flash programmer is connected to the target system to perform writing.

The following can be considered as the development environment and the applications using flash memory.

e Software can be altered after the V850/SC1, V850/SC2, and V850/SC3 are solder-mounted on the target
system.

e Small scale production of various models is made easier by differentiating software.

e Data adjustment in starting mass production is made easier.

17.1 Features

¢ 4-byte/1-clock access (in instruction fetch access)

o All area batch erase/area unit erase

e Communication via serial interface with the dedicated flash programmer

e FErase/write voltage: VppP=7.8V

¢ On-board programming

e Flash memory programming by self rewriting in area (128 KB) units is possible

17.1.1 Erasing unit
This product has the following two erasure units.

(a) All area batch erase
The area of xx000000H to xx07FFFFH can be erased at the same time. The erasure time is 8.0 s.

(b) Area erase
Erasure can be performed in area units (there are four 128 KB unit areas). The erasure time is 2.0 s for each
area.

Area 0:  The area of xx000000H to xxO1FFFFH (128 KB) is erased
Area 1:  The area of xx020000H to xx03FFFFH (128 KB) is erased
Area2: The area of xx040000H to xxO5FFFFH (128 KB) is erased
Area 3:  The area of xx060000H to xx07FFFFH (128 KB) is erased
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17.1.2 Write/read time
The write/read time is shown below.

Write time: 50 us/byte
Read time: 50 ns (cycle time)

17.2 Writing with Flash Programmer
Writing can be performed either on-board or off-board with the dedicated flash programmer.
(1) On-board programming
The contents of the flash memory is rewritten after the V850/SC1, V850/SC2, and V850/SC3 are mounted on the
target system. Mount connectors, etc., on the target system to connect the dedicated flash programmer.
(2) Off-board programming
Writing to a flash memory is performed by the dedicated program adapter (FA Series), etc., before mounting the

V850/SC1, V850/SC2, and V850/SC3 on the target system.

Remark The FA Series is a product of Naito Densei Machida Mfg. Co., Ltd.
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CHAPTER 17 FLASH MEMORY (uPD70F3089Y)

Figure 17-1. Example of Wiring of Adapter for Flash Programming (FA-144GJ-UEN)
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Note The uPD70F3089Y cannot be supplied with the clock from the CLK pin of the flash programmer (PG-
FP3).
Supply the clock by creating an oscillator on the flash writing adapter (broken-line portion).
An example of the oscillator is shown below.

Example
X1 X2
Pﬂq
T T
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Remarks 1.

Handle the pins not described above in accordance with the recommended connection of unused
pins (refer to 2.4 Pin 1/O Circuit Types, I/O Buffer Power Supply and Connection of Unused
Pins). When connecting via a resistor, use of a resistor of 1 kQ to 10 kQ is recommended.

This adapter is for a 144-pin plastic LQFP package.

This diagram shows the wiring when using CSI supporting handshake.

Table 17-1. Table for Wiring of Adapter for uPD70F3089Y Flash Programming (FA-144GJ-UEN)

Flash Programmer (PG-FP3) When Using CSIO + HS When Using CSI0 When Using UARTO
Pin Name Pin No. Pin Name Pin No. Pin Name Pin No.
SI/RxD Input | Receive signal P11/SO0 43 P11/SO0 43 P14/SO4/TXD0 | 47
SO/TxD | Output | Transmit signal P10/S10/SDAO 42 P10/S10/SDAO 42 P13/S14/RXD0 46
SCK Output | Transfer clock P12/MSCLO 44 P12/MSCLO 44 Unnecessary Unnecessary
CLK™* - Unused Unnecessary Unnecessary | Unnecessary Unnecessary | Unnecessary Unnecessary
/RESET | Output | Reset signal RESET 40 RESET 40 RESET 40
VPP Output | Writing voltage MODE/Vre 41 MODE/Vre 41 MODE/Vre 41
HS Input | Handshake signal of P15/KK4/ASCKO 48 Unnecessary Unnecessary | Unnecessary Unnecessary
CSI0 + HS
communication
VDD - VDD voltage Vooo 39 Vooo 39 Vooo 39
generationfpower |, 128 Voor 128 Voor 128
supply monitoring
PORTVooo 22 PORTVooo 22 PORTVooo 22
PORTVoo1 60 PORTVoo1 60 PORTVoo1 60
PORTVoo:2 102 PORTVoo:2 102 PORTVoo:2 102
GND - Ground GNDO 37 GNDO 37 GNDO 37
GND1 131 GND1 131 GND1 131
GND2 72 GND2 72 GND2 72
PORTGNDO 5 PORTGNDO 5 PORTGNDO 5
PORTGND1 92 PORTGND1 92 PORTGND1 92
POO/NMI 75 POO/NMI 75 POO/NMI 75
Note The uPD70F3089Y cannot be supplied with the clock from the CLK pin of the flash programmer (PG-
FP3).
Supply the clock by creating an oscillator on the flash writing adapter (FA-144GJ-UEN).
For an example of the oscillator, refer to Figure 17-1 Example of Wiring of Adapter for Flash
Programming (FA-144GJ-UEN).
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17.3 Programming Environment

The following shows the environment required for writing programs to the flash memory of the V850/SC1,
V850/SC2, and V850/SC3.

Figure 17-2. Environment Required for Writing Programs to Flash Memory

Vpep Vep
Voo, Vbb1
RS-232C — &= / Vob , )
ﬁ / l;(;RD-(I;\{[DDé t’;)DPZORTVDnz
] (o] )
GND PORTGNDO, PORTGND!1
Dedicated flash RESET V850/SC1, V850/SC2,
programmer V850/SC3
Host machine UART/CSI

A host machine is required for controlling the dedicated flash programmer.

UARTO or CSIO is used for the interface between the dedicated flash programmer and the V850/SC1, V850/SC2,
and V850/SC3 to perform writing, erasing, etc. A dedicated program adapter (FA Series) is required for off-board
writing.

17.4 Communication Mode

Communication between the dedicated flash programmer and the V850/SC1, V850/SC2, and V850/SC3 is serial
communication performed using UARTO or CSIO of the V850/SC1, V850/SC2, and V850/SC3.

(1) UARTO
Transfer rate: 4800 to 76800 bps

Figure 17-3. Communication with Dedicated Flash Programmer (UARTO)

Vep Vep
Vi Voo, Vob1,
oo PORTVooo to PORTVoo:2
£ L /7 GNDO to GND2 '
5 0 ,
(= GND PORTGNDO, PORTGND1
Dedicated flash RESET RESET V850/SC1, V850/SC2,
programmer V850/SC3

RXxD =— X X X  TXDO

XD —— RXDO
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(2) csio
Serial clock: Up to 1 MHz (MSB first)

Figure 17-4. Communication with Dedicated Flash Programmer (CSI0)

Vep Vep
Vop ——— Voo, Voo,
PORTVopo to PORTVob2
GND GNDO to GND2,
& = / PORTGNDO, PORTGND1
7w, PoRTa
RESET RESET 4
Dedicated flash SI SO0 V850/SC1, V850/SC2,
programmer V850/SC3
SO —— SlIo
SCK SCKo

(3) CSIo+HS
Serial clock: Up to 1 MHz (MSB first)

Figure 17-5. Communication with Dedicated Flash Programmer (CSI0 + HS)

Vep Vep
vV Vbpo, Vbp1,
bb PORTVopo to PORTVbb2
GND GNDO to GND2,

PORTGNDO, PORTGND1

& &= / I _
ﬁ / RESET — ™ RESET
[V
Sl SO0
Dedicated flash V850/SC1, V850/SC2,
programmer SO SI0 V850/SC3
SCK SCKO

HS~——————— P15

The dedicated flash programmer outputs the transfer clock, and the V850/SC1, V850/SC2, and V850/SC3
operate as a slave.

When the PG-FP3 is used as the dedicated flash programmer, it generates the following signals to the
V850/SC1, V850/SC2, and V850/SC3. For the details, refer to the PG-FP3 User’s Manual.
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Table 17-2. Signal Generation of Dedicated Flash Programmer (PG-FP3)

PG-FP3 V850/SCx Connection
Signal Name 1/0 Pin Function Pin Name CsSlo UARTO | CSIO+HS
Vep Output Writing voltage Vep © © ©
Vop 1/0 Voo voltage generation/ Vopo, Voby, © © ©
voltage monitoring PORTVooo to
PORTVob2
GND - Ground GNDO to GND2, © © ©
PORTGNDO,
PORTGND1
CLK"™™ - Unused X1 X X X
RESET Output Reset signal RESET © © ©
SI/RxD Input Receive signal SO0/TXDO0 © © ©
SO/TxD Output Transmit signal SI0/RXD0O © © ©
SCK Output Transfer clock SCKO © X ©
HS Input Handshake signal of CSI0O + HS | P15 X X ©
Note The uPD70F3089Y cannot be supplied with the clock from the CLK pin of the flash programmer (PG-

FP3).

Supply the clock by creating an oscillator on the flash writing adapter (FA-144GJ-UEN).

For an example of the oscillator, refer to Figure 17-1

Programming (FA-144GJ-UEN).

Remarks 1. ©: Always connected

X:

Does not need to be connected
2. V850/SCx: V850/SC1, V850/SC2, V850/SC3
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CHAPTER 17 FLASH MEMORY (uPD70F3089Y)

17.5 Pin Connection

When performing on-board writing, install a connector on the target system to connect to the dedicated flash
programmer. Also, install a function on-board to switch from the normal operating mode to the flash memory
programming mode.

When switched to the flash memory programming mode, all the pins not used for the flash memory programming
become the same status as that immediately after reset. Therefore, all the ports become output high-impedance
status, so that pin handling is required when the external device does not acknowledge the output high-impedance
status.

17.5.1 Vee pin
In the normal operating mode, 0 V is input to Vrp pin. In the flash memory programming mode, a 7.8 V writing
voltage is supplied to Vrpr pin. The following shows an example of the connection of the Vep pin.

Figure 17-6. Vep Pin Connection Example

V850/SC1, V850/SC2,

VvV850/SC3
Dedicated flash programmer connection pin
Vep O

Pull-down resistor (Rvep)
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17.5.2 Serial interface pin

The following shows the pins used by each serial interface.

Table 17-3. Pins Used by Serial Interfaces

Serial Interface Pins Used
cslo S00, SI0, SCKO
CSI0 + HS S00, SI0, SCKO, P15
UARTO TXDO, RXDO

When connecting a dedicated flash programmer to a serial interface pin that is connected to other devices on-

board, care should be taken to avoid the conflict of signals and the malfunction of other devices, etc.

(1) Conflict of signals

When connecting a dedicated flash programmer (output) to a serial interface pin (input) that is connected to
another device (output), conflict of signals occurs. To avoid the conflict of signals, isolate the connection to the
other device or set the other device to the output high-impedance status.

Figure 17-7. Conflict of Signals (Serial Interface Input Pin)

V850/SC1, V850/SC2,
V850/SC3

Conflict of signals

Dedicated flash programmer connection pins

O

Input pin <

In the flash memory programming mode, the signal that the
dedicated flash programmer sends out conflicts with signals
the other device outputs. Therefore, isolate the signals on the

other device side.

Other device

Output pin
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(2) Malfunction of other device
When connecting a dedicated flash programmer (output or input) to a serial interface pin (input or output) that is

connected to another device (input), the signal output to the other device may cause the device to malfunction.
To avoid this, isolate the connection to the other device or set so that the input signal to the other device is

ignored.

Figure 17-8. Malfunction of Other Device

V850/SC1, V850/SC2,

V850/SC3
Dedicated flash programmer connection pin
Pin > »QO
. Other device
‘~' > Input pin

In the flash memory programming mode, if the
signal the V850/SC1, V850/SC2, and V850/SC3
outputs affects the other device, isolate the signal on
the other device side.

V850/SC1, V850/SC2,
V850/SC3

Dedicated flash programmer connection pin
Pin - O

Other device

I Y

In the flash memory programming mode, if the
signal the dedicated flash programmer outputs
affects the other device, isolate the signal on the

other device side.

.

Y

A Input pin
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17.5.3 RESET pin

When connecting the reset signals of the dedicated flash programmer to the RESET pin that is connected to the
reset signal generator on-board, conflict of signals occurs. To avoid the conflict of signals, isolate the connection to
the reset signal generator.

When a reset signal is input from the user system in the flash memory programming mode, programming
operations will not be performed correctly. Therefore, do not input signals other than the reset signals from the
dedicated flash programmer.

Figure 17-9. Conflict of Signals (RESET Pin)

V850/SC1, V850/SC2,

V850/SC3
Conflict of signals Dedicated flash programmer connection pin
RESET | O

Reset signal generator

Qutput pin

In the flash memory programming mode, the
signal the reset signal generator outputs conflicts
with the signal the dedicated flash programmer
outputs. Therefore, isolate the signals on the
reset signal generator side.

17.5.4 Port pins (including NMI)

When the flash memory programming mode is set, all the port pins except the pins that communicate with the
dedicated flash programmer become output high-impedance status. If problems such as disabling output high-
impedance status should occur to the external devices connected to the port, connect them to Vooo, Vop1, PORTVbpo
to PORTVopz2, ADCVop, GNDO to GND2, PORTGNDO, PORTGND1, or ADCGND via resistors.

17.5.5 Other signal pins
Connect X1, X2, XT1, and XT2 in the same status as that in the normal operating mode.

17.5.6 Power supply
Supply the power supply as follows:

Vobo = PORTVbb1

Supply the power (Vopi, PORTVbbo, PORTVbp2, ADCVob, ADCGND, GNDO to GND2, PORTGNDO, and
PORTGND1) the same as when in normal operating mode.
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17.6 Programming Method

17.6.1 Flash memory control
The following shows the procedure for manipulating the flash memory.

Figure 17-10. Procedure for Manipulating Flash Memory

=

Supplies RESET pulse—| Switch to flash memory programming mode

Select communication mode

-
-

Manipulate flash memory

No
<d?

Yes

C )

17.6.2 Flash memory programming mode
When rewriting the contents of flash memory using the dedicated flash programmer, set the V850/SC1, V850/SC2,

and V850/SC3 in the flash memory programming mode. When switching modes, set the Vrp pin before canceling
reset.

When performing on-board writing, switch modes using a jumper, etc.

Figure 17-11. Flash Memory Programming Mode

EFIash memory programming mode

7.8V

n

Vep3V o N Nl N N
oV
: /;I
RESET /

Vep Operation mode
oV Normal operation mode
7.8V Flash memory programming mode
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17.6.3 Selection of communication mode

In the V850/SC1, V850/SC2, and V850/SC3, the communication mode is selected by inputting pulses (16 pulses
max.) to Vep pin after switching to the flash memory programming mode. The Vep pulse is generated by the
dedicated flash programmer.

The following shows the relationship between the number of pulses and the communication mode.

Table 17-4. List of Communication Modes

Vep Pulses Communication Mode Remarks
0 CSIo V850/SC1, V850/SC2, and V850/SC3 perform slave operation,
MSB first
3 CSI0 + HS V850/SC1, V850/SC2, and V850/SC3 perform slave operation,
MSB first
8 UARTO Communication rate: 9600 bps (at reset), LSB first
Other RFU Setting prohibited

Caution When UARTO is selected, the receive clock is calculated based on the reset command sent from
the dedicated flash programmer after receiving the Vrp pulse.

17.6.4 Communication command

The V850/SC1, V850/SC2, and V850/SC3 communicate with the dedicated flash programmer by means of
commands. The command sent from the dedicated flash programmer to the V850/SC1, V850/SC2, and V850/SC3 is
called the “command”. The response signal sent from the V850/SC1, V850/SC2, and V850/SC3 to the dedicated
flash programmer is called the “response command”.

Figure 17-12. Communication Command

oz & Command >
& & /)
I __ Response command

Dedicated flash programmer V850/SC1, V850/SC2,
V850/SC3

User's Manual U15109EJ3VOUD 505



CHAPTER 17 FLASH MEMORY (uPD70F3089Y)

The following shows the commands for flash memory control of the V850/SC1, V850/SC2, and V850/SC3. All of
these commands are issued from the dedicated flash programmer, and the V850/SC1, V850/SC2, and V850/SC3

perform the various processings corresponding to the commands.

Table 17-5. Flash Memory Control Commands

Category Command Name Function
Verify Batch verify command Compares the contents of the entire memory and
the input data.
Erase Batch erase command Erases the contents of the entire memory.
Write back command Writes back the contents which is overerased.
Blank check Batch blank check command Checks the erase state of the entire memory.
Data write High-speed write command Writes data by the specification of the write

address and the number of bytes to be written,
and executes verify check.

Continuous write command

Writes data from the address following the high-
speed write command executed immediately
before, and executes verify check.

System setting and control

Status read out command

Acquires the status of operations.

Oscillating frequency setting
command

Sets the oscillating frequency.

Erasure time setting command

Sets the erasing time of batch erase.

Write time setting command

Sets the writing time of data write.

Write back time setting command

Sets the write back time.

Baud rate setting command

Sets the baud rate when using UART.

Silicon signature command

Reads outs the silicon signature information.

Reset command

Escapes from each state.

The V850/SC1, V850/SC2, and V850/SC3 send back response commands to the commands issued from the

dedicated flash programmer.

V850/SC3 send out.

The following shows the response commands the V850/SC1, V850/SC2, and

Table 17-6. Response Commands

Response Command Name

Function

ACK (acknowledge)

Acknowledges command/data, etc.

NAK (not acknowledge)

Acknowledges illegal command/data, etc.
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CHAPTER 18 IEBus CONTROLLER (V850/SC2)

The IEBus (Inter Equipment Bus) is a small-scale digital data transfer system that transfers data between units. To
implement the IEBus with the V850/SC2, an external IEBus driver and receiver are necessary because they are not

provided.
The internal IEBus controller of the V850/SC2 is of negative logic.

18.1 IEBus Controller Function

18.1.1 Communication protocol of IEBus
The communication protocol of the IEBus is as follows:

)

)

3

)

®)

(6)

Multi-task mode
All the units connected to the IEBus can transfer data to the other units.

Broadcast communication function

Communication between one unit and plural units can be performed as follows:

¢ Group-unit broadcast communication: Broadcast communication to group units
o All-unit broadcast communication: Broadcast communication to all units.

Effective transfer rate

The effective transfer rate is in mode 1 (the V850/SC2 does not support modes 0 and 2 of effective transfer
rate).

e Mode 1: Approx. 17 Kbps

Caution Different modes must not be mixed on one IEBus.

Communication mode
Data transfer is executed in a half-duplex asynchronous communication mode.

Access control: CSMA/CD (Carrier Sense Multiple Access with Collision Detection)

The priority of the IEBus is as follows:

<1> Broadcast communication takes precedence over individual communication (communication from one
unit to another).

<2> The lower master address takes precedence.

Communication scale

The communication scale of IEBus is as follows:

e Number of units: 50 max.

¢ Cable length: 150 m max. (when twisted pair cable is used)

Caution The communication scale in an actual system differs depending on the characteristics of the
cables, etc., constituting the IEBus driver/receiver and IEBus.
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18.1.2 Determination of bus mastership (arbitration)

An operation to occupy the bus is performed when a unit connected to the IEBus controls the other units. This
operation is called arbitration.

When two or more units simultaneously start transmission, arbitration grants one of the units the permission to
occupy the bus.

Because only one unit is granted the bus mastership as a result of arbitration, the priority condition of the bus is
predetermined as follows:

Caution The bus mastership is released if communication is aborted.

(1) Priority by communication type
Broadcast communication (communication from one unit to plural units) takes precedence over normal
communication (communication from one unit to another).

(2) Priority by master address
If the communication type is the same, communication with the lower master address takes precedence.
A master address consists of 12 bits, with unit 000H having the highest priority and unit FFFH having the
lowest priority.

18.1.3 Communication mode

Although the IEBus has three communication modes each having a different transfer rate, the V850/SC2 supports
only communication mode 1. The transfer rate and the maximum number of transfer bytes in one communication
frame in communication mode 1 are as shown in Table 18-1.

Table 18-1. Transfer Rate and Maximum Number of Transfer Bytes in Communication Mode 1

Communication Mode | Maximum Number of Transfer Bytes (Bytes/Frame) Effective Transfer Rate (Kbps)"™

1 32 Approx. 17

Note The effective transfer rate when the maximum number of transfer bytes is transmitted.

Select the communication mode (mode 1) for each unit connected to the IEBus before starting communication. If
the communication mode of the master unit and that of the mating unit (slave unit) are not the same, communication is
not correctly executed.

18.1.4 Communication address
With the IEBus, each unit is assigned a specific 12-bit address. This communication address consists of the

following identification numbers:

e Higher 4 bits: Group number (number to identify the group to which each unit belongs)
e Lower 8 bits:  Unit number (number to identify each unit in a group)
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18.1.5 Broadcast communication

Normally, transmission or reception is performed between the master unit and its mating slave unit on a one-to-one
basis. During broadcast communication, however, two or more slave units exist and the master unit executes
transmission to these slave units. Because plural slave units exist, the slave units do not return an acknowledge
signal during communication.

Whether broadcast communication or normal communication is to be executed is selected by the broadcast bit (for
this bit, refer to 18.1.6 (2) Broadcast bit).

Broadcast communication can be classified into the two types; group-unit broadcast communication and all-unit
broadcast communication. Group-unit broadcast communication and all-unit broadcast communication are identified
by the value of the slave address (for the slave address, refer to 18.1.6 (4) Slave address field).

(1) Group-unit broadcast communication
Broadcast communication is performed to the units in a group identified by the group number indicated by the

higher 4 bits of the communication address.

(2) All-unit broadcast communication
Broadcast communication is performed to all the units, regardless of the value of the group number.

18.1.6 Transfer format of IEBus
Figure 18-1 shows the transfer signal format of the IEBus.

Figure 18-1. IEBus Transfer Signal Format

Master Slave Telegraph
Header address address Control field | length Data field
field field field
Broad- | Master Slave Tele-
Frame format | S |casting| address |p| address [p|a| S |p|a graph 1p|a Data ||5| | Data |5/,
bit ot bit bit bit i bit bit

Remarks 1. P: Parity bit, A: ACK/NACK bit
2. The master station ignores the acknowledge bit during broadcast communication.

(1) Start bit
The start bit is a signal that informs the other units of the start of data transfer. The unit that is to start data
transfer outputs a high-level signal (start bit) from the IETX0 pin for a specific time, and then starts outputting
the broadcast bit.
If another unit has already output its start bit when one unit attempts to output the start bit, this unit does not
output the start bit but waits for completion of output of the start bit by the other unit. When the output of the
start bit by the other unit is complete, the unit starts outputting the broadcast bit in synchronization with the
completion of the start bit output by the other unit.
The units other than the one that has started communication detect this start bit, and enter the reception
status.
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Broadcast bit

This bit indicates whether the master selects one slave (individual communication) or plural slaves (broadcast
communication) as the other party of communication.

When the broadcast bit is 0, it indicates broadcast communication; when it is 1, individual communication is
indicated. Broadcast communication is classified into two types: group-unit communication and all-unit
communication. These communication types are identified by the value of the slave address (for the slave
address, refer to 18.1.6 (4) Slave address field).

Because two or more slave units exist in the case of broadcast communication, the acknowledge bit in each
field subsequent to the master address field is not returned.

If two or more units start transmitting a communication frame at the same time, broadcast communication
takes precedence over individual communication, and wins in arbitration.

If one station occupies the bus as the master, the value set to the broadcast request bit (ALLRQ) of the IEBus
control register (BCR) is output.

Master address field

The master address field is output by the master to inform a slave of the master’s address.

The configuration of the master address field is as shown in Figure 18-2.

If two or more units start transmitting the broadcast bit at the same time, the master address field makes a
judgment of arbitration.

The master address field compares the data it outputs with the data on the bus each time it has output one bit.
If the master address output by the master address field is found to be different from the data on the bus as a
result of comparison, it is assumed that the master has lost in arbitration. As a result, the master stops
transmission and enters the reception status.

Because the IEBus is configured of wired AND, the unit having the minimum master address of the units
participating in arbitration (arbitration masters) wins in arbitration.

After a 12-bit master address has been output, only one unit remains in the transmission status as one master
unit.

Next, this master unit outputs a parity bit, determines the master address of the other unit, and starts outputting
a slave address field.

If one unit occupies the bus as the master, the address set by the IEBus unit address register (UAR) is output.

Figure 18-2. Master Address Field

Master address field

Master address (12 bits) Parity,

ws| | | | [ [ [ [ [ | s
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(4) Slave address field
The master outputs the address of the unit with which it is to communicate.
Figure 18-3 shows the configuration of the slave address field.
A parity bit is output after a 12-bit slave address has been transmitted in order to prevent a wrong slave
address from being received by mistake. Next, the master unit detects an acknowledge signal from the slave
unit to confirm that the slave unit exists on the bus. When the master has detected the acknowledge signal, it
starts outputting the control field. During broadcast communication, however, the master does not detect the
acknowledge bit but starts outputting the control field.
The slave unit outputs the acknowledge signal if its slave address matches and if the slave detects that the
parities of both the master address and slave address are even. The slave unit judges that the master address
or slave address has not been correctly received and does not output the acknowledge signal if the parities are
odd. At this time, the master unit is in the standby (monitor) status, and communication ends.
During broadcast communication, the slave address is used to identify group-unit broadcast or all-unit
broadcast, as follows:

If slave address is FFFH: All-unit broadcast communication
If slave address is other than FFFH:  Group-unit broadcast communication

Remark The group No. during group-unit broadcast communication is the value of the higher 4 bits of the
slave address.

If one unit occupies the bus as the master, the address set by the slave address register (SAR) is output.

Figure 18-3. Slave Address Field

Slave address field

Slave address (12 bits) Parity, ACK

Group No. Unit No.

we| | | [ [ [ [ [ [ | Jiss
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(5) Control field
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The master outputs the operation it requires the slave to perform, by using this field.

The configuration of the control field is as shown in Figure 18-4.

If the parity following the control bit is even and if the slave unit can execute the function required by the
master unit, the slave unit outputs an acknowledge signal and starts outputting the telegraph length field. If the
slave unit cannot execute the function required by the master unit even if the parity is even, or if the parity is
odd, the slave unit does not output the acknowledge signal, and returns to the standby (monitor) status.

The master unit starts outputting the telegraph length field after confirming the acknowledge signal.

If the master cannot confirm the acknowledge signal, the master unit enters the standby status, and
communication ends. During broadcast communication, however, the master unit does not confirm the
acknowledge signal, and starts outputting the telegraph length field.

Table 18-2 shows the contents of the control bits.

Table 18-2. Contents of Control Bits

Bit 3"*' Bit 2 Bit 1 Bit0 Function
0 0 0 0 Reads slave status
0 0 0 1 Undefined
0 0 1 0 Undefined
0 0 1 1 Reads data and locks"**?
0 1 0 0 Reads lock address (lower 8 bits)"**
0 1 0 1 Reads lock address (higher 4 bits)""**
0 1 1 0 Reads slave status and unlocks"***
0 1 1 1 Reads data
1 0 0 0 Undefined
1 0 0 1 Undefined
1 0 1 0 Writes command and locks"**®?
1 0 1 1 Writes data and locks"**®?
1 1 0 0 Undefined
1 1 0 1 Undefined
1 1 1 0 Writes command
1 1 1 1 Writes data

Notes 1. The telegraph length bit of the telegraph length field and data transfer direction of the data field
change as follows depending on the value of bit 3 (MSB).
If bit 3 is ‘1’: Transfer from master unit to slave unit
If bit 3 is ‘0’: Transfer from slave unit to master unit
2. This is a control bit that specifies locking or unlocking (refer to 18.1.7 (4) Locking and unlocking).
3. The lock address is transferred in 1-byte (8-bit) units and is configured as follows:

MSB LSB

Control bit: 4H Lower 8 bits

Control bit: 5H Undefined Higher 4 bits
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If the control bit received from the master unit is not as shown in Table 18-3, the unit locked by the master unit
reject accepting the control bit, and does not output the acknowledge bit.

Table 18-3. Control Field for Locked Slave Unit

Bit 3" Bit 2 Bit 1 Bit 0 Function
0 0 0 0 Reads slave status
0 1 0 0 Reads lock address (lower 8 bits)
0 0 0 1 Reads lock address (higher 4 bits)

Moreover, units for which lock is not set by the master unit reject acknowledgement and do not output an

acknowledge bit when the control data shown in Table 18-4 is acknowledged.

Table 18-4. Control Field for Unlocked Slave Unit

Bit 3 Bit 2 Bit 1 Bit 0 Function
0 1 0 0 Lock address read (lower 8 bits)
0 1 0 1 Lock address read (higher 4 bits)

If one unit occupies the bus as the master, the value set to the IEBus control register (CDR) is output.

Figure 18-4. Control Field

Control field

Control bit (4 bits)  Parity ACK

MSB|

LsB
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Table 18-5. Control Field Acknowledge Signal Output Conditions

(a) When received control data is AH, BH, EH, FH

Communication | Communication Lock status Master unit Slave Slave reception | Received control data
type target (SLVRQ) (LOCK) judgment transmission enable AH | BH | EH | FH
(ALL TRANS) Slave Locked =1 (match with PAR) enable (ENSLVRX)
Individual specification Unlocked =0 | Lock request unit = (ENSLVTX)
communication =1 1
=1 No specification Other =0
Broadcast =0
communication
=1
0 1 0 don’t care don’t care 1 @]
1 1
Other than above X
(b) When received control data is OH, 3H, 4H, 5H, 6H, 7H
Communication | Communication Lock status Master unit Slave Slave Received control data
type target (SLVRQ) (LOCK) judgment transmission reception oH|3H | aH | 5H | 6H | 7H
(ALL TRANS) Slave Locked = 1 (match with PAR) enable enable
Individual specification Unlocked =0 | Lock request unit=| (ENSLVTX) (ENSLVRX)
communication =1 1
=1 No specification Other =0
Broadcast =0
communication
=1
0 1 0 don’t care 0 don’t care O| x| x| x]|O|x
1 O|O|x|x|O]|O
1 don’t care O x|O|O| x| x
1 o|x|olo|o]x
1 O|O0O|O|O0O|0O|0O
Other than above X
Caution If the received control data is other than as shown in Table 18-5, it becomes x unconditionally

(ACK is not returned).

Remarks 1. O: ACK returned

x:  ACK not

returned

2. ENSLVTX: Bit 4 of IEBus unit control register (BCR)
ENSLVRX: Bit 3 of IEBus unit control register (BCR)
Bit 6 of IEBus unit status register (USR)
Bit 2 of IEBus unit status register (USR)
IEBus partner address register
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SLVRQ:
LOCK:
PAR:
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(6) Telegraph length field

This field is output by the transmission side to inform the reception side of the number of bytes of the transmit
data.

The configuration of the telegraph length field is as shown in Figure 18-5.
Table 18-6 shows the relationship between the telegraph length bit and the number of transmit data.

Figure 18-5. Telegraph Length Field

Telegraph length field

Telegraph length bit (8 bits) Parity ACK

wse| | [ | | | [uss

Table 18-6. Contents of Telegraph Length Bit

Telegraph Length Bit (Hex) Number of Transmit Data Bytes
01H 1 byte
02H 2 bytes
| |
FFH 255 bytes
00H 256 bytes

The operation of the telegraph length field differs depending on whether the master transmits (when control bit
3is 1) or receives (when control bit 3 is 0) data.

(@

(b)

When master transmits data

The telegraph length bit and parity bit are output by the master unit. When the slave unit detects that the
parity is even, it outputs the acknowledge signal, and starts outputting the data field. During broadcast
communication, however, the slave unit does not output the acknowledge signal.

If the parity is odd, the slave unit judges that the telegraph length bit has not been correctly received, does
not output the acknowledge signal, and returns to the standby (monitor) status. At this time, the master
unit also returns to the standby status, and communication ends.

When master receives data

The telegraph length bit and parity bit are output by the slave unit and the synchronization signals of bits
are output by the master unit. If the master unit detects that the parity bit is even, it outputs the
acknowledge signal.

If the parity bit is odd, the master unit judges that the telegraph length bit has not been correctly received,
does not output the acknowledge signal, and returns to the standby status. At this time, the slave unit also
returns to the standby status, and communication ends.
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(7) Data field
This is data output by the transmission side.

516

The master unit transmits or receives data to or from a slave unit by using the data field.

The configuration of the data field is as shown below.

Figure 18-6. Data Field

Data field (number specified by telegraph length field)

One data

Control bit (8 bits) Parity ACK Parity ACK

I I B [

Following the data bit, the parity bit and acknowledge bit are respectively output by the master unit and slave

unit.

Use broadcast communication only for when the master unit transmits data. At this time, the acknowledge bit

is ignored.

The operation differs as follows depending on whether the master transmits or receives data.

(a)

(b)

When master transmits data

When the master units writes data to a slave unit, the master unit transmits the data bit and parity bit to the
slave unit. If the parity is even and the receive data is not stored in the IEBus data register (DR) when the
slave unit has received the data bit and parity bit, the slave unit outputs an acknowledge signal. If the
parity is odd or if the receive data is stored in the IEBus data register (DR), the slave unit rejects receiving
the data, and does not output the acknowledge signal.

If the slave unit does not output the acknowledge signal, the master unit transmits the same data again.
This operation continues until the master detects the acknowledge signal from the slave unit, or the data
exceeds the maximum number of transmit bytes.

If the data has continuation and the maximum number of transmit bytes is not exceeded when the parity is
even and when the slave unit outputs the acknowledge signal, the master unit transmits the next data.
During broadcast communication, the slave unit does not output the acknowledge signal, and the master
unit transfers 1 byte of data at a time. If the parity is odd or the DR register is storing receive data after the
slave unit has received the data bit and parity bit during broadcast communication, the slave unit judges
that reception has not been performed correctly, and stops reception.

When master receives data

When the master unit reads data from a slave unit, the master unit outputs a sync signal corresponding to
all the read bits.

The slave unit outputs the contents of the data and parity bits to the bus in response to the sync signal
from the master unit.

The master unit reads the data and parity bits output by the slave unit, and checks the parity.

If the parity is odd, or if the DR register is storing a receive data, the master unit rejects accepting the data,
and does not output the acknowledge signal. If the maximum number of transmit bytes is within the value
that can be transmitted in one communication frame, the master unit repeats reading the same data.

If the parity is even and the DR register is not storing a receive data, the master unit accepts the data and
returns the acknowledge signal. If the maximum number of transmit bytes is within the value that can be
transmitted in one frame, the master unit reads the next data.
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Caution Do not operate a master reception in broadcast communication, because the slave unit
cannot be defined and a data transfer cannot be performed correctly.

Parity bit

The parity bit is used to check to see if the transmit data has no error.

The parity bit is appended to each data of the master address, slave address, control, telegraph length, and
data bits.

The parity is an even parity. If the number of bits in data that are ‘1’ is odd, the parity bit is ‘1°. If the number of
bits in the data that are ‘1’ is even, the parity bit is ‘0’.

Acknowledge bit
During normal communication (communication from one unit to another), an acknowledge bit is appended to
the following locations to check to see if the data has been correctly received.

e End of slave address field

e End of control field

e End of telegraph length field
e End of data field

The definition of the acknowledge bit is as follows:

¢ 0: Indicates that the transmit data is recognized (ACK).
¢ 1: Indicates that the transmit data is not recognized (NACK).

During broadcast communication, however, the content of the acknowledge bit is ignored.

(a) Last acknowledge bit of slave field
The last acknowledge bit of the slave field serves as NACK in any of the following cases, and transmission
is stopped.

o [f the parity of the master address bit or slave address bit is incorrect
e If a timing error (error in bit format) occurs
¢ [f a slave unit does not exist

(b) Last acknowledge bit of control field
The last acknowledge bit of the control field serves as NACK in any of the following cases, and
transmission is stopped.

o [f the parity of the control bit is incorrect

o If control bit 3 is ‘1’ (write operation) when the slave reception enable flag (ENSLVRX) is not set (1)
(refer to 18.3.2 (1) IEBus Control Register (BCR))

e If the control bit indicates reading of data (3H or 7H) when the slave transmission enable flag
(ENSLVTX) is not set (1) (refer to 18.3.2 (1) IEBus Control Register (BCR))

¢ [f a unit other than that has set locking requests 3H, 6H, 7H, AH, BH, EH, or FH of the control bit when
locking is set

o [f the control bit indicates reading of lock addresses (4H, 5H) even when locking is not set

e [f a timing error occurs

¢ [f the control bit is undefined
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Cautions 1. Even when the slave transmission enable flag (ENSLVTX) is not set (1), ACK is
always returned if slave status request control data is received.

2. Even when slave reception enable flag (ENSLVRX) is not set (1), NACK is always

returned by the acknowledge bit in the control field if data/command writing control
data is acknowledged.
Slave reception can be disabled (communication stopped) by ENSLVRX flag only in
the case of independent communication. In the case of broadcast communication,
communication is maintained and the data request interrupt (INTIE1) or IEBus end
interrupt (INTIE2) is generated.

(c) Last acknowledge bit of telegraph length field
The last acknowledge bit of the telegraph length field serves NACK in any of the following cases, and
transmission is stopped.

o |f the parity of the telegraph length bit is incorrect
e If a timing error occurs

(d) Last acknowledge bit of data field
The last acknowledge bit of the data field serves NACK in any of the following cases, and transmission is
stopped.

e If the parity of the data bit is incorrect™™®
e [f a timing error occurs after the proceeding acknowledge bit has been transmitted
e If the receive data is stored in the IEBus data register (DR) and no more data can be received"™

Note In this case, when the communication executed is individual communication, if the maximum
number of transmit bytes is within the value that can be transmitted in one frame, the transmission
side executes transmission of that data field again. For broadcast communication, the transmission
side does not execute transmission again, a communication error occurs on the reception side and
reception stops.

18.1.7 Transfer data

(1) Slave status
The master unit can ascertain why the slave unit did not return the acknowledge bit (ACK) by reading the slave
status.
The slave status is determined depending on the result of the last communication the slave unit has executed.
All the slave units can supply information on the slave status.
The configuration of the slave status is shown below.
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Notes 1.
2.
3.

Figure 18-7. Bit Configuration of Slave Status

MSB LSB
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit 0" Meaning
0 Transmit data is not written in IEBus data register (DR)
1 Transmit data is written in IEBus data register (DR)
Bit 1"°* Meaning
0 Receive data is not stored in IEBus data register (DR)
1 Receive data is stored in IEBus data register (DR)
Bit 2 Meaning
0 Unit is not locked
1 Unit is locked
Bit 3 Meaning
0 Fixed to 0
Bit 4"*° Meaning
0 Slave transmission is stopped
1 Slave transmission is ready
Bit 5 Meaning
0 Fixed to 0
Bit 7 Bit 6 Meaning
0 0 Mode 0 Indicates the highest mode supported by unit"**.
0 1 Mode 1
1 0 Mode 2
1 1 Not used

After reset: bit O is set to 1.

The receive buffer size is 1 byte.
When the V850/SC2 serves as a slave unit, this bit corresponds to the status indicated by bit 4
(ENSLVTX) of the IEBus control register (BCR).
When the V850/SC2 serves as a slave unit, bits 7 and 6 are both fixed to mode 1 (bits 7, 6 = 0, 1).
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(2) Lock address
When the lock address is read (control bit: 4H or 5H), the address (12 bits) of the master unit that has issued
the lock instruction is configured in 1-byte units as shown below and read.

Figure 18-8. Configuration of Lock Address

MSB LSB
Control bit: 4H Lower 8 bits
Control bit: 5H Undefined Higher 4 bits
(3) Data
If the control bit indicates reading of data (3H or 7H), the data in the data buffer of the slave unit is read by the
master unit.

If the control bit indicates writing of data (BH or FH), the data received by the slave unit is processed according
to the operation rule of that slave unit.

(4) Locking and unlocking
The lock function is used when a message is transferred in two or more communication frames.
The unit that is locked does not receive data from units other than the one that has locked the unit (does not
receive broadcast communication).
A unit is locked or unlocked as follows:

(a) Locking
If the communication frame is completed without succeeding in transmission or reception of the data of the
number of bytes specified by the telegraph length bit after the telegraph length field has been transmitted
or received (ACK = 0) by the control bit that specifies locking (3H, AH, or BH), the slave unit is locked by
the master unit. At this time, the bit (bit 2) in the byte indicating the slave status is set to 1.

(b) Unlocking
After transmitting or receiving data of the number of data bytes specified by the telegraph length bit in one
communication frame by the control bit that has specified locking (3H, AH, or BH), or the control bit that
has specified unlocking (6H), the slave unit is unlocked by the master unit. At this time, the bit related to
locking (bit 2) in the byte indicating the slave status is reset to 0.
Locking or unlocking is not performed during broadcast communication.

Locking and unlocking conditions are shown below.
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(c) Lock setting conditions

Control Data

Broadcast Communication

Individual Communication

Communication End Frame End Communication End Frame End
3H, 6H"" Cannot be locked Lock set
AH, BH Cannot be locked Cannot be locked Cannot be locked Lock set

OH, 4H, 5H, EH, FH

Cannot be locked

Cannot be locked

Cannot be locked

Cannot be locked

(d) Lock release conditions (while locked)

Control Data

Broadcast Communication from
Lock Request Unit

Individual Communication from
Lock Request Unit

Communication End Frame End Communication End Frame End
3H, 6H"" Unlocked Remains locked
AH, BH Unlocked Unlocked Unlocked Remains locked

OH, 4H, 5H, EH, FH

Remains locked

Remains locked

Remains locked

Remains locked

Note The frame end of control data 6H (slave status read/unlock) occurs when the parity in the data field
is odd, and when the acknowledge signal from the IEBus unit is repeated up to the maximum
number of transfer bytes without being output.

18.1.8 Bit format
The format of the bits constituting the communication frame of the IEBus is shown below.

Figure 18-9. Bit Format of IEBus

Logic “1”

Logic “0”
| | | |
\ Preparation \Synchronization\ Data period \ Stop period
period period

Preparation period: First low-level (logic “1”) period

Synchronization period: Next high-level (logic “0”) period
Data period:
Stop period:

Period indicating value of bit
Last low-level (logic “1”) period

The synchronization period and data period are almost equal to each other in length.

The IEBus synchronizes each bit. The specifications on the time of the entire bit and the time related to the period
allocated to that bit differ depending on the type of the transmit bit, or whether the unit is the master unit or a slave
unit. During communication, the master and slave units detect whether each period (preparation period,
synchronization period, data period, and stop period) is output for the specified time. If not, the master and slave units
regard it as a timing error, and immediately stop communication and return to the wait status.
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18.2 IEBus Controller Configuration

The block diagram of the IEBus controller is shown below.

Figure 18-10. IEBus Controller Block Diagram

CPU interface block

JENC OB N ONGRORONOL

internal 1 | | BCR@®)| [ usriia | [ sar2)| [ Parcia) | [ coree)| | oLre) | | DRee) | usrie)| [ 1srie)] | ssrie)

registers |1 Tg

| TX/RX Lo j>
ETw : Parity generation Conflict | |
IETX ©—— | |
| MPX error detection | detection 1
T ! i 1L :

CLK—=

[ |scrie)|

CCR(8)

124---{12

sHs{*@@

Interrupt
controller

— INT request

Interrupt control block

(handler, DMA transfer)

ACK
generation
1IEBus interface block | .
Bit processing block Field processing block

j5> Internal bus R/W

(1) Hardware configuration and function
The IEBus mainly consists of the following six internal blocks.

522

CPU interface block
Interrupt control block
Internal registers

Bit processing block
Field processing block
IEBus interface block
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(@)

(b)

()

(d)

(e)

()

CPU interface block
This is a control block that interfaces between the CPU (V850/SC2) and the IEBus.

Interrupt control block
This control block transfers interrupt request signals from the IEBus to the CPU.

Internal registers
These registers set data to the control registers and fields that control the IEBus (for the internal registers,
refer to 18.3 Internal Registers of IEBus Controller).

Bit processing block
This block generates and disassembles bit timing, and mainly consists of a bit sequence ROM, 8-bit preset
timer, and comparator.

Field processing block
This block generates each field in the communication frame, and mainly consists of a field sequence
ROM, 4-bit down counter, and comparator.

IEBus interface block

This is the interface block for an external driver/receiver, and mainly consists of a noise filter, shift register,
conflict detector, parity detector, parity generator, and ACK/NACK generator.
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18.3 Internal Registers of IEBus Controller

18.3.1 Internal register list

Table 18-7. Internal Registers of IEBus Controller

Address Function Register Name Symbol R/W Bit Units for Manipulation After Reset
1 Bit 8 Bits 16 Bits

FFFFF3EOH | IEBus control register BCR R/W v \ - 00H
FFFFF3E2H | IEBus unit address register UAR - - v 0000H
FFFFF3E4H | IEBus slave address register SAR - - \/

FFFFF3E6H | IEBus partner address register PAR R - - v

FFFFF3E8H | IEBus control data register CDR R/W - \ - 01H
FFFFF3EAH | IEBus telegraph length register DLR - \ -
FFFFF3ECH | IEBus data register DR - N - 00H
FFFFF3EEH | IEBus unit status register USR R N N -

FFFFF3FOH | IEBus interrupt status register ISR R/W v \ -

FFFFF3F2H | IEBus slave status register SSR R v \ - 41H
FFFFF3F4H | IEBus communication success SCR - J - 01H

counter

FFFFF3F6H | IEBus transmit counter CCR - \ - 20H
FFFFF3F8H IEBus clock select register IECLK R/W - \ - 00H
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18.3.2 Internal registers
The internal registers incorporated in the IEBus controller are described below.

(1) IEBus control register (BCR)

After reset: 00H RW Address: FFFFF3EOH

BCR

Cautions 1.

<7> <6> <5> <4> <3> 2 1 0
ENIEBUS | MSTRQ | ALLRQ [ENSLVTX|ENSLVRX 0 0 0
ENIEBUS Communication enable flag

0 IEBus unit stopped
1 IEBus unit active
MSTRQ Master request flag
0 IEBus unit not requested as master
1 IEBus unit requested as master
ALLRQ Broadcast request flag
0 Individual communication requested
1 Broadcast communication requested
ENSLVTX Slave transmission enable flag
0 Slave transmission disabled
1 Slave transmission enabled
ENSLVRX Slave reception enable flag
0 Slave reception disabled
1 Slave reception enabled

While the IEBus is operating as the master, writing to the BCR register (including bit
manipulation instructions) is disabled until either the end of that communication or
frame, or until communication is stopped by the occurrence of an arbitration-loss
communication error. Master requests cannot therefore be multiplexed. However, if the
IEBus is specified as a slave while a master request is being held pending, the BCR can
be written to at the end of communication to clear the communication end/frame end flag.
This is also the case when communication has been forcibly stopped (ENIEBUS flag = 0).
If a bit manipulation instruction for the BCR register conflicts with a hardware reset of the
MSTRQ flag, the BCR register may not operate normally. The following countermeasures
are recommended in this case.

e Because the hardware reset is instigated in the acknowledgement period of the slave

address field, be sure to observe Caution 1 of (b) Master request flag (MSTRQ) below.

¢ Be sure to observe the caution above regarding writing to the BCR register.
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(a) Communication enable flag (ENIEBUS)...Bit 7
<Set/reset conditions>
Set: By software
Reset: By software

Caution Make both of the following settings before setting the ENIEBUS flag.
e Set the interrupt enable (El) status and enable interrupt servicing of INTIE2 (IEBMK =
2).
o Set the IEBus unit address register (UAR)

(b) Master request flag (MSTRQ)...Bit 6
<Set/reset conditions>
Set: By software
Reset: By hardware, at the end of the arbitration period. Because the reset signal is generated in the
ACK period of the slave address field, if a MSTRQ flag setting instruction is sent in this period,
it will be invalid.

Cautions 1. The master request should be resent by software following a loss in arbitration.
When resending the master request in this case, set (1) the MSTRQ flag after securing
the required wait period. This flag is unable to be set (1) before the end of this wait

period.
INTIE2 interrupt signal Start interrupt generation
MSTRAQ flag . . |-
reset signal Forcible reset period

| |
™ Wait period (61.7 s MAX) |

2. When a master request has been sent and bus mastership acquired, do not set the
MSTRQ, ENSLVTX, or ENSLVRX flag until the end of communication (i.e. the ISR
register’'s communication end/frame end flag is set (1)) as setting these flags disables
interrupt request generation. However, these flags can be set if communication has
been aborted.

(c) Broadcast request flag (ALLRQ)...Bit 5
<Set/reset conditions>
Set: By software
Reset: By software

Caution When requesting broadcast communication, always set the ALLRQ flag, then the MSTRQ
flag.

User's Manual U15109EJ3VOUD



CHAPTER 18 IEBus CONTROLLER (V850/SC2)

(d) Slave transmission enable flag (ENSLVTX)...Bit 4
<Set/reset conditions>
Set: By software
Reset: By software

Cautions 1. Clear the ENSLVTX flag before setting the MSTRQ flag when making a master
request.
If a slave transmission request is sent in slave mode while the ENSLVTX flag is unset,
NACK in the control field will be returned. Moreover, when returning to an enabled
state from a disabled state, transmission becomes valid from the next frame.

2. If the controller receives control data for data/control writing (3H, 7H) while the
ENSLVTX flag is unset, NACK will be returned via the acknowledge bit of the control
field.

3. The status interrupt (INTIE2) will be generated and communication continued when
the control data of a slave status request is returned, even if the ENSLVTX flag is in
the reset status.

(e) Slave reception enable flag (ENSLVRX)...Bit 3
<Set/reset conditions>
Set: By software
Reset: By software

Caution If the ENSLVRX flag is reset when the IEBus is busy with other CPU processing, NACK
will be returned via the acknowledge bit of the control field, making it possible to disable
slave reception. Note that resetting this flag only disables individual communication, not
broadcast communication. In individual communication, however, when the received
slave address matches the local address, the start interrupt is generated. If CPU
processing has priority (neither reception nor transmission occurs), be sure to stop the
IEBus unit by resetting the ENIEBUS flag. Note also that when returning to an enabled
state from a disabled state, transmission becomes valid from the next frame.
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IEBus unit address register (UAR)

This register sets the unit address of the IEBus unit. This register must always be set before starting
communication.

Sets the unit address (12 bits) to bits 11 to 0.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  After reset R/W
uar|ojolofo] | | | | [ | | | | | | |FrrrreE2H o00OH RW

IEBus slave address register (SAR)

During master request, the value of this register is reflected in the value of the transmit data in the slave
address field. This register must always be set before starting communication.

Sets the slave address (12 bits) to bits 11 to 0.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  After reset R/W
sar[ofofofo] | [ | | | [ | | | | | | FrrrreEaH  o00OH RW

IEBus partner address register (PAR)

(a) When slave unit
The value of the receive data in the master address field (address of the master unit) is written to this
register.
If a request “4H” to read the lock address (lower 8 bits) is received from the master, the CPU must read
the value of this register, and write it to the lower 8 bits IEBus data register (DR).
If a request “5H” to read the lock address (higher 4 bits) is received from the master, the CPU must read
the value of this register and write the data of the higher 4 bits to DR.
Sets the partner address (12 bits) to bits 11 to 0.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset R/W
Par[o|ofofo| | | [ | | | | | | | | |FrrrraeeH o00OH R

IEBus control data register (CDR)

(@) When master unit
The data of the lower 4 bits is reflected in the data transmitted in the control field. During master request,
this register must be set in advance before starting communication.

(b) When slave unit
The data received in the control field is written to the lower 4 bits.
When the status transmission flag (STATUS) of the IEBus interrupt status register (ISR) is set, an interrupt
(INTIE2) is issued, and each processing should be performed by software, according to the value of the
lower 4 bits of CDR.
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After reset: 01H

R/W  Address: FFFFF3E8H

7 6 5 4 3 2 1
CDR 0 0 0 0 MOD SELCL2 | SELCL1 | SELCLO
MOD SELCL2 | SELCL1 | SELCLO Function
0 0 0 0 Reads slave status
0 0 0 1 Undefined
0 0 1 0 Undefined
0 0 1 1 Reads data and locks
0 1 0 0 Reads lock address (lower 8 bits)
0 1 0 1 Reads lock address (lower 4 bits)
0 1 1 0 Reads slave status and unlocks
0 1 1 1 Reads data
1 0 0 0 Undefined
1 0 0 1 Undefined
1 0 1 0 Writes command and locks
1 0 1 1 Writes data and locks
1 1 0 0 Undefined
1 1 0 1 Undefined
1 1 1 0 Writes command
1 1 1 1 Writes data
Cautions 1. Because the slave unit must judge whether the received data is a “command” or
“data”, it must read the value of this register after completing communication.

2. If the master unit sets an undefined value, NACK is returned from the slave unit, and
communication is aborted. During broadcast communication, however, the master
unit continues communication without recognizing ACK/NACK; therefore, make sure
not to set an undefined value to this register during broadcast communication.

3. In the case of defeat in a bus conflict and a slave status request is received from the

unit that won, the telegraph length register (DLR) is fixed to “01H”. Therefore, when a
re-request of the master follows, the appointed telegraph length must be set to DLR.
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(c) Slave status return operation

When the IEBus receives a request to transfer from master to slave status (control data: OH, 6H) or a lock

address request (4H, 5H), whether ACK in the control field is returned or not depends on the status of the

IEBuSs unit.

(1) If OH or 6H control data was received in the unlocked state
(2) If 4H or 5H control data was received in the unlocked state

(3) If OH, 4H, 5H or 6H control data was received in the locked

state from the unit that sent the lock request

— ACK returned
— ACK not returned

— ACK returned

(4) If OH, 4H, or 5H control data was received in the locked state

from other than the unit that sent the lock request

— ACK returned

(5) If 6H control data was received in the locked state from other

than the unit that sent the lock request

— ACK not returned

In all of the above cases, the acknowledgement of a slave status or lock request will cause the STATUSF
flag (bit 4 of the ISR register) to be set and the status interrupt (INTIE2) to be generated. The generation
timing is at the end of the control field parity bit (at the start of the ACK bit). However, if ACK is not
returned, a NACK error is generated after the ACK bit, and communication is terminated.

Figure 18-11. Interrupt Generation Timing (for (1), (3), and (4))

Control field

Telegraph length field —|

IEBus sequence Control bits (4 bits) Parity bit (1 bit)

ACK bit (1 bit)

Telegraph length bits (8 bits)

INTIE2 —|

Flag set by reception
of OH, 4H, 5H, 6H

Flag reset by CPU processing

STATUSF flag

Internal NACK flag
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Figure 18-12. Interrupt Generation Timing (for (2) and (5))

Control field

IEBus sequence Control bits (4 bits) Parity bit (1 bit) ACK bit (1 bit) Terminated by communication error

INTIE2 —| —|

Flag reset by

Flag set by reception CPU processing
of OH, 4H, 5H, 6H

STATUSF flag

Error generated by

Internal NACK flag ‘l detection of NACK

Because in (4) and (5) the communication was from other than the unit that sent the lock request while the
IEBus was in the locked state, the start or communication complete interrupt (INTIE2) is not generated,
even if the IEBus unit is the communication target. The STATUSF flag (bit 4 of the ISR register) is set and
the status interrupt (INTIE2) generated, however, if a slave status or lock address request is
acknowledged. Note that even if the same control data is received while the IEBus is in the locked state,
the interrupt generation timing for INTIE2 differs depending on whether the master unit (3) or another unit
(4) is requesting the locked state.

Figure 18-13. Timing of INTIE2 Interrupt Generation in Locked State (for (4) and (5))

Start |Broadcast| Master address Slave address Control  |Telegraph length™|  DataNete
IEBus sequence (12 + P) (12+P+A)  |(4+P+A)|B+P+A)|(8+P+A)
INTIE2 —|
Status
interrupt

Note For (5), there is no ACK return and therefore no transition to telegraph length and data.
Remark P: Parity bit, A: ACK/NACK bit

Figure 18-14. Timing of INTIE2 Interrupt Generation in Locked State (for (3))

Start |Broadcast| Master address Slave address Control | Telegraph length Data
IEBus sequence (12 + P) (12+P+A) |@4+P+A) |B+P+A)|(B+P+A)
INTIE2 —| —| —|
Start Status Communication
interrupt interrupt complete interrupt

Remark P: Parity bit, A: ACK/NACK bit
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(6) IEBus telegraph length register (DLR)

(a) When transmission unit ... Master transmission, slave transmission

The data of this register is reflected in the data transmitted in the telegraph length field and indicates the

number of bytes of the transmit data.
This register must be set in advance before transmission.

(b)

When reception unit ... Master reception, slave reception

The receive data in the telegraph length field transmitted from the transmission unit is written to this

register.

Remark The IEBus telegraph length register is divided into a writing side and a reading side, making it

impossible for the written data to be readout as is.

Only data received via IEBus

communication can be readout.

After reset: 01H R/W Address: FFFFF3EAH
7 6 5 4 3 2 1 0
DLR
Bit Setting Number of communication

7 6 5 4 3 2 1 0 value data bytes
0 0 0 0 0 0 0 1 01H 1 byte
0 0 0 0 0 0 1 0 02H 2 bytes
0 0 1 0 0 0 0 0 20H 32 bytes
1 1 1 1 1 1 1 1 FFH 255 bytes
0 0 0 0 0 0 0 0 O00H 256 bytes

Cautions 1. If the master issues a request “OH, 4H, 5H, or 6H” to transmit a slave status and lock
address (higher 4 bits, lower 8 bits), the contents of this register are set to “01H” by
hardware; therefore, the CPU does not have to set this register.

2. In the case of defeat in a bus conflict and a slave status request is received from the

532

unit that won, DLR is fixed to “01H”. Therefore, if a re-request of the master follows,
the appointed telegraph length must be set to DLR.
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(7) IEBus data register (DR)
The IEBus data register (DR) sets the communication data (8 bits) to bits 7 to 0.

Remark The IEBus telegraph length register is divided into a writing side and a reading side, making it

(@)

(b)

impossible for the written data to be readout as is. Only data received via IEBus communication
can be readout.

When transmission unit

The data (1 byte) written to the IEBus data register (DR) is stored in the IEBus interface shift register of the
IEBus. It is then output from the most significant bit, and an interrupt (INTIE1) is issued to the CPU each
time 1 byte has been transmitted. In individual communication, however, if NACK is received after 1-byte
data transmission, the transfer from DR to the shift register is not performed and the same data is
transmitted again. In this case, INTIE1 is not generated.

INTIE1 is issued when the |IEBus interface shift register stores the IEBus data register value. However,
when the last byte and 32nd byte (the last byte of 1 communication frame) is stored in the shift register,
INTIE1 is not issued.

When reception unit

One byte of the data received by the shift register of the IEBus interface block is stored to this register.
Each time 1 byte has been correctly received, an interrupt (INTIE1) is issued.

When transmit/receive data is transferred to and from the IEBus data register, using DMA can reduce the
CPU processing load.

After reset: O0H R/W Address: FFFFF3ECH
7 6 5 4 3 2 1 0

DR

Cautions 1. If the next data is not in time while the transmission unit is set, an underrun occurs,
and a communication error interrupt (INTIE2) occurs to stop transmission.

2. When the IEBus is a receiving unit, if the reading of the data is too late for the next
data reception timing, the unit will enter the overrun state. At this time, during
individual communication reception, NACK will be returned at the acknowledge bit of
the data field, and the master unit will be requested to retransmit the data. If an
overrun error occurs during broadcast communication, the communication error
interrupt (INTIE2) is generated.
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(8) IEBus unit status register (USR)

After reset: 00H R Address: FFFFF3EEH

7 <6> <5> <4> <3> <2> 1 0
USR 0 SLVRQ | ARBIT [ALLTRNS| ACK LOCK 0 0
SLVRQ Slave request flag
0 No request from master to slave
1 Request from master to slave
ARBIT Arbitration result flag
0 Arbitration win
1 Arbitration loss
ALLTRNS Broadcast communication flag
0 Individual communication status
1 Broadcast communication status
ACK ACK transmission flag
0 NACK transmitted
1 ACK transmitted
LOCK Lock status flag
0 Unit unlocked
1 Unit locked

(a) Slave request flag (SLVRQ)...Bit 6
This flag indicates whether there was a slave request from the master.
<Set/reset conditions>
Set: When the IEBus unit has been sent a slave request (during individual communication
reception, when the received slave address and local UAR match; during broadcast reception,
when the higher 4 bits of the received slave address match, or the received slave address is
FFFH), the flag is set by hardware at the start of the acknowledge period for the slave address
field.
Reset: When the IEBUS unit is not sent a slave request, the flag is reset by hardware. The timing is
the same as for Set. However, if immediately following normal reception of a communication
(SLVRAQ bit is set), the IEBus unit is sent a slave request and a parity error occurs in the slave
address field for that communication, the flag is not reset.
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(b) Contention result flag (ARBIT)...Bit 5
This flag shows the contention result.
<Set/reset conditions>
Set:  This flag is set if, following a master request, the data output by the IEBus unit during the
arbitration period and the bus line data do not match.
Reset: This flag is reset at the start bit timing.

Cautions 1. The reset timing of the contention result flag (ARBIT) differs depending on whether
the IEBus unit outputs or does not output a start bit.
o Start bit output: Reset at output start timing
o Start bit not output: Reset at start bit detection timing (approx. 160 us from output)
2. If, after a master request has been made, the start bit of another unit is output first
and the IEBus unit does not output a start bit, the flag is reset at the start bit
detection timing.

(c) Broadcast communication flag (ALLTRNS)...Bit 4
A flag indicating whether the unit is performing broadcast communication. The contents of the flag are
updated in the broadcast field of each frame.
Except for initialization (reset) by system reset, the set/reset conditions vary depending on the receive data
of the broadcast field bit.
<Set/reset conditions>
Set:  When “broadcast” is received by the broadcast field
Reset: When “individual” is received by the broadcast field, or upon the input of a system reset.

Caution The broadcast flag is updated regardless of whether the IEBus is the communication
target or not.

Figure 18-15. Example of Broadcast Communication Flag Operation

IEBus sequence| Start Broadcastf M11 | M10 Start  [Namoweast| M11 | M10
Broadcast
communication flag —— - - - ——— —
Set Not reset Reset
by start bit

(d) ACK transmission flag (ACK)...Bit 3
A flag that indicates whether ACK has been transmitted in the ACK period of the ACK field when the IEBus
is a receiving unit. The contents of the flag are updated in the ACK period of each frame. However, if the
internal circuit is initialized by the occurrence of a parity error, etc., the contents are not updated in the
ACK period of that field.
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(e) Lock status flag (L
A flag that indicates
<Set/reset condition

OCK)...Bit 2
whether the unit is locked.
s>

Set:  When the communication end flag goes low level and the frame end flag goes high level after
receipt of a lock specification (3H, 6H, AH, BH) in the control field.

Reset: When th

e communication enable flag is cleared.

When the communication end flag is set after receipt of a lock release (3H, 6H, AH, BH) in the

control field.

Caution Lock specification/release is not possible in broadcast communication. Also, in locked
status, individual communication from a unit other than the unit which has requested to
be locked is not acknowledged. However, even communication from a unit which has
not requested to be locked can be acknowledged as long as the communication is a
slave status request.

(9) IEBus interrupt status register (ISR)
This register indicates the status when the IEBus issues an interrupt. The ISR is read to generate an interrupt,
after which the specified interrupt servicing is carried out.
Reset the ISR register after reading it. Until it is reset, the INTIE2 interrupt signal is not generated (nor held

pending).

To reset the ISR register, reset each flag, satisfying the reset conditions in Table 18-8.

Table 18-8. Reset Conditions of Flags in ISR Register

Flag Name

Reset Condition

Processing Example

IEERR, STARTF, STATUSF

Byte write operation of ISR register. Any value
can be written.

ISR = O0H, etc.

ENDTRNS, ENDFRAM

Set MSTRQ, ENSLVTX, or ENSLVRX flag.

BCR register = 88H or ENSLVTX
=1, etc.

536

Caution Even if 0 is written to the ENDTRNS or ENDFRAM flag by

flags are not reset. Reset them as described above.

Remark MSTRQ:
ENSLVTX:
ENSLVRX:

Bit 6 of the IEBus control register (BCR)
Bit 4 of the IEBus control register (BCR)
Bit 3 of the IEBus control register (BCR)
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After reset: 00H R/W Address: FFFFF3FOH

7 <6> <5> <4> <3> <2> 1 0
ISR 0 IEERR | STARTF |STATUSF ENDTRNS|ENDFRAM 0 0
IEERR Communication error flag (during communication)
0 No communication error
1 Communication error
STARTF Start interrupt flag
0 Start interrupt not generated
1 Start interrupt generated
STATUSF Status transmission flag (slave)
0 No slave status/lock address (higher 4 bits, lower 8 bits) transmission
request
1 Slave status/lock address (higher 4 bits, lower 8 bits) transmission request
ENDTRNS| Communication end flag
0 Communication does not end after the number of bytes set in the telegraph
length field have been transferred
1 Communication ends after the number of bytes set in the telegraph length
field have been transferred
ENDFRAM Frame end flag
0 The frame (transfer of the maximum number of bytes (32 bytes) prescribed
by mode 1) does not end
1 The frame (transfer of the maximum number of bytes (32 bytes) prescribed
by mode 1) ends

Caution Each of IEERR, STARTF, STATUSF, ENDTRNS, and ENDFRAM are generation triggers for the

interrupt request signal (INTIE2) (see Figure 18-16).

Because of this, if any one of these

interrupt triggers have been set, no new interrupt will be generated by a subsequent trigger.
Clear the source flag of the generated interrupt before the next interrupt generation timing
using an interrupt servicing program.
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(a)

(b)

(c)

(d)

(e)

Communication error flag (IEERR)...Bit 6
A flag that indicates the detection of an error during communication.
<Set/reset conditions>
Set:  When a timing error, parity error (except in the data field), NACK reception (except for data
field), underrun error, or overrun error (which occurs in broadcast communication) occurs.
Reset: By software

Start interrupt flag (STARTF)...Bit 5
A flag that indicates whether the interrupt was in the ACK period of the slave address field.
<Set/reset conditions>
Set:  In the slave address field, upon a master request. When the IEBus is a slave unit, this flag is
set upon a request from the master (only if it was a slave request in the locked state from the
unit requesting a lock).
Reset: By software

Status transmission flag (STATUSF)...Bit 4
A flag indicating that the transmission status is either the master to slave status, or the lock address
(higher 4 bits, lower 8 bits), when the IEBus is a slave unit.
<Set/reset conditions>
Set:  When OH, 4H, 5H, or 6H is received in the control field from the master when the IEBus is a
slave unit.
Reset: By software

Communication end flag (ENDTRANS)...Bit 3
A flag that indicates whether communication ends after the number of bytes set in the telegraph length
field have been transferred.
<Set/reset conditions>
Set:  When the value of the SCR counter is 0.
Reset: When the MSTRQ, ENSLVTX, or ENSLVRX flag is set.

Frame end flag (ENDFRAM)...Bit 2
A flag that indicates whether communication ends after the maximum number of bytes (32 bytes)
prescribed by mode 1 have been transferred.
<Set/reset conditions>
Set:  When the value of the CCR counter is 0.
Reset: When the MSTRQ, ENSLVTX, or ENSLVRX flag is set.
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(f) Communication error triggers

e Timing error
Occurrence conditions:

Remark:

e Parity error
Occurrence conditions:

Remark:

Restriction:

e NACK reception error

Occurrence conditions:

Remark:

e Underrun

Occurrence conditions:

Remark:

e Overrun
Occurrence conditions:

Remark:

Occurs if the high/low level width of the communication bit has shifted from
the prescribed value.

The respective prescribed values are set in the bit processing block and
monitored by the internal 8-bit timer. An interrupt is generated when a timing
error occurs.

Occurs if the generated parity and the received parity in each field do not
match when the IEBus is a receiving unit.

During individual communication, an interrupt is generated if a parity error
occurs in a field other than the data field.

During broadcast communication, an interrupt is generated even if a parity
error occurs in the data field.

If there is a slave request that has lost in arbitration to a broadcast request,
no interrupt is generated, even if a parity error occurs.

Occurs when NACK is received in the ACK period in the slave address,
control, or telegraph length field, during individual communication regardless
of master or slave unit.

A NACK reception error only occurs in individual communication. ACK and
NACK are not discriminated in broadcast communication.

An interrupt is generated if NACK is received in a field other than the data
field.

Occurs during data transmission if there was insufficient time to write the
next transmit data to the IEBus data register (DR) before ACK reception.
An interrupt is generated if an underrun occurs.

When the IEBus is a receiving unit, the IEBus data register (DR) is read by
DMA or software after the generation of the interrupt (INTIE1) that causes
data to be stored in 1-byte units in this register. An overrun error occurs if
this reading processing is late and its timing becomes that of the next data
reception.

In individual communication reception, an acknowledgement is not returned
in the ACK period of this data, resulting in the retransmission of the data by
the transmit unit. Consequently, the IEBus transfer counter (CCR) is
decremented, whereas the IEBus communication success counter (SCR) is
not. In broadcast communication reception, reception is stopped by the
occurrence of a communication error (INTIE2), at which time the DR register
is not updated. The STATRX flag (bit 1 of the SSR register) also remains set
(1) without generating INTIE1. The overrun state is released at the timing of
the next data reception following the reading of DR.
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(g) Overrun error - supplementary details

0]

(i)

When the frame ends in the overrun state during individual communication reception

If the DR register is not read after entering the overrun state and the retransmitted data reaches the
maximum number of bytes (32 bytes), the frame end interrupt (INTIE2) is generated. The overrun
state is maintained until the DR register is read after the end of the frame.

If the next reception is started in the case of (i) above, or if the next reception is started without
the DR register being read after the final data has been received, regardless of whether the
communication is broadcast or individual

Even if communication to the IEBus unit starts in the overrun state, the cause of the overrun, NACK; is
not returned in the ACK period of the slave address, control, or telegraph length field (the DR register
is not updated). If the next communication is not to the IEBus unit, the DR register is not updated until
it is read. Because the IEBus unit is not a communication target, the data interrupt (INTIE1) and
communication error interrupt (INTIE2) are not generated.

(i) If the next transmission occurs in the overrun state

The data to be transmitted next in the overrun state can be no more than 2 bytes long.
Because the data request interrupt (INTIE1) is not generated, the transmit data cannot be set,
resulting in an underrun error. Therefore, transmit after releasing the overrun status.

(iv) Overrun state release

The overrun state can only be released by reading the DR register or by a system reset. Therefore,
be sure to read DR during execution of a communication error interrupt servicing program, etc.
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(10)IEBus slave status register (SSR)
This register indicates the communication status of the slave unit. After receiving a slave status transmission
request from the master, the CPU reads this register, and writes a slave status to the IEBus data register (DR)
to transmit the slave status. At this time, because the telegraph length is automatically set to “01H”, setting of
the IEBus telegraph length register (DLR) is not required (because it is preset by hardware).
Bits 6 and 7 indicate the highest mode supported by the unit, and are fixed to “01” (mode 1).

After reset: 41H R

Address: FFFFF3F2H

7 6 5 <4> 3 <2> <1> <0>
SSR 0 1 0 STATSLV 0 STATLOCK| STATRX | STATTX
STATSLV Slave transmission status flag
0 Slave transmission stops
1 Slave transmission enabled
STATLOCK Lock status flag
0 Unlock status
1 Lock status
STATRX DR receive status
0 Receiving data not stored in DR
1 Receiving data stored in DR
STATTX DR transmit status
0 Transmission data not stored in DR
1 Transmission data stored in DR

(a) Slave transmission status flag (STATSLV)...Bit 4
This flag reflects the contents of the slave transmission enable flag.

(b) Lock status flag (STATLOCK)...Bit 2
This flag reflects the contents of the locked flag.

(c) DR reception status (STATRX)...Bit 1
This flag indicates the DR reception state.

(d) DR transmission status (STATTX)...Bit 0
This flag indicates the DR transmission state.
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(11)IEBus success count register (SCR)

542

The IEBus success count register (SCR) indicates the number of remaining communication bytes.

This register reads the count value of the counter that decrements the value set by the telegraph length
register by ACK in the data field. When the count value has reached “00H”, the communication end flag
(ENDTRNS) of the IEBus interrupt status register (ISR) is set.

After reset: 01H R Address: FFFFF3F4H

7 6 5 4 3 2 1 0
SCR
Bit Setting Remaining number of
7 6 5 4 3 2 1 0 value communication data bytes

0 0 0 0 0 0 0 1 01H 1 byte

0 0 0 0 0 0 1 0 02H 2 bytes

0| O 1 o(o0jO0|O0]|O 20H 32 bytes

1 1 1 1 1 1 1 1 FFH 255 bytes

0 0 0 0 0 0 0 0 O00H 0 bytes (end of communication)
or 256 bytes"™

Note The bit length of the actual hard counter consists of 9 bits. When “00H” is read, it cannot be judged
whether the remaining number of communication data bytes is 0 (end of communication) or 256.
Therefore, either the communication end flag is used, or if “O0H” is read when the first interrupt occurs
at the beginning of communication, the remaining number of communication data bytes is judged to be
256.
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(12) IEBus communication count register (CCR)
The IEBus communication count register (CCR) indicates the number of remaining bytes in the communication
byte number specified in the communication mode.
Bits 7 to 0 of the IEBus communication count register (CCR) indicate the number of transfer bytes.
This register reads the count value of the counter that is preset to the maximum number of transmitted bytes
(32 bytes) per frame specified in mode 1 and is decremented during the ACK period of the data field
regardless of ACK/NACK. While SCR (IEBus success count register) is decremented upon normal
communication (ACK), CCR is decremented upon each 1-byte communication regardless of ACK/NACK.
When the count value has reached “00H”, the frame end flag (ENDFRAM) of the IEBus interrupt status register
(ISR) is set.
The maximum number of transfer bytes of the preset value of mode 1 per frame is 20H (32 bytes).

After reset: 20H R Address: FFFFF3F6H
7 6 5 4 3 2 1 0

CCR

(13)IEBus clock select register (IECLK)
This register selects the clock of the IEBus. The main clock frequencies that can be used are shown below.
Main clock frequencies other than the following cannot be used.

e 6.0 MHz/6.291 MHz
e 12.0 MHz/12.582 MHz
e 18.0 MHz/18.874 MHz

After reset: 00H R/W Address: FFFFF3F8H

7 6 5 4 3 2 1 0
IECLK 0 0 0 0 0 0 IECS1 IECSO
IECSH IECSO IEBus clock selection
0 0 @ fxx = 6.0 MHz or fxx = 6.291 MHz
0 1 @ fxx = 12.0 MHz or fxx = 12.582 MHz
1 X @ fxx = 18.0 MHz or fxx = 18.874 MHz

Remark x: don’tcare
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18.4 Interrupt Operations of IEBus Controller

18.4.1 Interrupt control block
Interrupt request signal

<1> Communication error (IEERR)
<2> Start interrupt (STARTF)
<3> Status communication (STATUSF)
<4> End of communication (ENDTRNS)
<5> End of frame (ENDFRAM)

<6> Transmit data write request (STATTX)
<7> Receive data read request (STATRX)

1 through 5 of the above interrupt requests are assigned to the interrupt status register (ISR). For details, refer to
Table 18-9 Interrupt Source List.

The configuration of the interrupt control block is illustrated below.

Figure 18-16. Configuration of Interrupt Control Block

IEERR
STARTF
STATUSF
ENDTRNS
ENDFRAM
STATTX

STATRX ‘
LD —————————— INTIE

4::£;§§{:> 7777777777 INTIE2

IEBus macro Interrupt control block V850/SC2 CPU

Cautions 1. OR output of STATRX and STATTX is treated as a DMA transfer start signal (INTIE1).
2. OR output of IEERR, STARTF, STATUSF, ENDTRNS, and ENDFRAM is treated as a vector
interrupt request signal (INTIE2) for the V850/SC2.
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18.4.2 Interrupt source list

The interrupt request signals of the internal IEBus controller in the V850/SC2 can be classified into vector interrupts

and DMA transfer interrupts. These interrupt request signals can be specified through software manipulation.
The interrupt sources are listed below.

Table 18-9. Interrupt Source List

Interrupt Source Condition of Generation CPU Processing After Remark
Unit Field Generation of Interrupt
Timing error Master/slave All fields Undo communication Communication error is OR
_ | Parity error Reception Other than data | Processing output of timing error, parity
g (individual) error, NACK reception,
°C’ underrun error, and overrun
S All fields error
8 (broadcast)
c
é’ NACK reception | Reception Other than data
§ (transmission) | (individual)
Underrun error Transmission Data
Overrun error Reception Data (broadcast)
Start interrupt Master Slave/address Slave request judgment Interrupt always occurs if loss
Contention judgment in contention occurs for master
(If loses, remaster processing) request
Communication preparation
processing
Slave Slave/address Slave request judgment Generated only for slave
Communication preparation request
processing
Status transmission Slave Control Refer to transmission Interrupt occurs regardless of
processing example such as slave transmission enable flag.
slave status. Also occurs upon NACK return
in the control field.
End of communication | Transmission Data DMA transfer end processing Set if SCR is cleared to 0
Reception Data DMA transfer end processing
Receive data processing
End of frame Transmission Data Retransmission preparation Set if CCR is cleared to 0
processing
Reception Data Re-reception preparation
processing
Transmit data write Transmission Data Transmission data read"" Set after transfer transmission
data to internal shift register.
Interrupt does not occur at the
last data transfer.
Receive data read Reception Data Receive data read"* Set after normal data reception

Note When not using DMA transfer or software manipulation
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18.4.3 Communication error cause processing list
The occurrence conditions for communication errors (timing errors, NACK reception errors, overrun errors,
underrun errors, and parity errors), the internal IEBus controller error processing contents, and an example of

processing by software are described below.

Table 18-10. Communication Error Cause Processing List (1/2)

Timing Error
Occurrence Local node During reception During transmission
condition status
Occurrence When bit timing is off
condition
Occurrence Other than data field | Data field Other than data field | Data field
location
During Hardware * Reception stopped * Transmission stopped
broadcast processing ¢ INTIE2 generated ¢ INTIE2 generated
communication ¢ To start bit wait status e To start bit wait status
Remark Communication between other
nodes does not stop.
Software e Error processing (resend request, etc.) « Error processing (resend request, etc.)
processing
During individual | Hardware * Reception stopped e Transmission stopped
communication processing ¢ INTIE2 generated ¢ INTIE2 generated
o NACK returned o To start bit wait status
o To start bit wait status
Software e Error processing (resend request, etc.) « Error processing (resend request, etc.)
processing
NACK Reception Error
Occurrence Local node During reception During transmission
condition status
Occurrence Local node NACK transmission NACK reception
condition
Occurrence Other than data | Data field Other than data | Data field NACK reception
location field field for 32nd byte
data
During Hardware - - - - -
broadcast processing
communication Software B _ B _ B
processing
During individual | Hardware * Reception ¢ INTIE2 not e Transmission ¢ INTIE2 not o INTIE2
communication processing stopped generated stopped generated generated"™
¢ INTIE2 * Receive data ¢ INTIE2 ¢ Resend o To start bit
generated resent by other | generated processing wait status
o To st