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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, it is 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, 1/O settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

V850 Series, V850/SA1, and EEPROM are trademarks of NEC Corporation.
Windows is either a registered trademark or trademark of Microsoft Corporation in the United States
and/or other countries.
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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.

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: uPD70F3015B, 70F3015BY, 70F3017A, 70F3017AY
The customer must judge
The need for license: ~ uPD703014A, 703014AY, 703015B, 703014BY,
uPD703015A, 703015AY, 703015B, 703015BY, 703017A, 703017AY

¢ The information in this document is current as of April, 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).

MS8E 00.4
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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

¢ Sucursal en Espaia
Madrid, Spain
Tel: 091-504 27 87
Fax: 091-504 28 60

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

e Filiale Italiana
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

Page Description
Throughout Addition of uPD703014B, 703014BY, 703015B, 703015BY, 70F3015B, 70F3015BY
p. 14 Addition of Table 1-1 List of V850/SA1 Products
p. 15 Addition of description to Minimum instruction execution time in 1.2 Features
p. 21 Deletion of description from 1.6.2 (2) Bus control unit (BCU)
p. 26 Change of purpose of r2 in 1.8 CPU Register Set
p. 27 Change of purpose and operation of r2 in 1.8.1 (1) General-purpose registers
p. 42 Addition of flash memory programming mode control register (FLPMC) in 1.13 Peripheral I/O Registers
p. 43 Addition of Notes in 1.13 Peripheral I/O Registers
p. 41 in previous Deletion of 2.1.1 Connection to BVoo pin
edition

The mark x shows major revised points.
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INTRODUCTION

Readers This manual is intended for users who understand the V850/SA1 (uPD703014A,
703014AY, 703014B, 703014BY, 703015A, 703015AY, 703015B, 703015BY,
703017A, 703017AY, 70F3015B, 70F3015BY, 70F3017A, 70F3017AY) functions and
who design application systems using these products.

Purpose The purpose of these application notes is to help the user understand the composition
of the V850/SA1 training board (TB-V850/SA1), an example of a system that uses the
V850/SA1.

Organization These application notes are broadly divided into the following sections.

e General description of V850/SA1

¢ Bus interface-connected circuit examples

e Examples of connected peripheral functions
¢ Application examples

How to Read This Manual In these application notes, it is assumed that the reader has general knowledge of
electrical engineering, logic circuits, and microcontrollers.

For details of V850/SA1 hardware functions
— Refer to the V850/SA1 Hardware User’s Manual.

For details of V850/SA1 instruction functions
—» Refer to the V850 Series™ Architecture User’s Manual.

Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representation: XxX (overscore over pin or signal name)
Memory map address: High order at high stage and low order at low stage
Note: Footnote for item marked with Note in the text.
Caution: Information requiring particular attention.
Remark: Supplementary information
Numeric representation: Binary... xxxx or xxxxB

Decimal... xxxx
Hexadecimal... xxxxH
Suffix representing an exponent of 2 (in address space or memory capacity)
K (Kilo): 2" = 1024
M (Mega): 2% = 1024
G (Giga): 2% = 1024°
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Related documentation The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

Documents related to V850/SA1

Document Name Document No.

V850 Series Architecture User's Manual U10243E

uPD703014A, 703014AY, 703014B, 703014BY, 703015A, 703015AY, 703015B, | U14526E
703015BY, 703017A, 703017AY Data Sheet

1PD703017A, 703017AY Data Sheet U14527E
V850/SA1 Hardware User's Manual U12768E
V850/SA1 Application Note This manual

Documents related to development tools (User’s Manuals)

Document Name Document No.
IE-703002-MC (In-Circuit Emulator) U11595E
IE-703017-MC-EM1 (V850/SA1 Peripheral /O Board) U12898E
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™ U15181E
Based)
SM850 Ver. 2.40 System Simulator Operation (Windows Based) U15182E
SM850 Ver. 2.00 or Later System Simulator External Part User Open U14873E
Interface Specifications
RX850 Ver. 3.13 or Later Real-time OS Basic U13430E
Installation U13410E
Technical U13431E
RX850 Pro Ver. 3.13 or Later Real-time OS Basic U13773E
Installation U13774E
Technical U13772E
RD850 Ver. 3.01 Task Debugger U13737E
RD850 Pro Ver. 3.01 Task Debugger U13916E
AZ850 Ver. 3.0 System Performance Analyzer U14410E
PG-FP3 Flash Memory Programmer U15260E
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CHAPTER 1 GENERAL DESCRIPTION OF V850/SA1

The V850/SA1 is one of the low power series products in NEC’s V850 Series of single-chip microcontrollers for real-
time control.

1.1 General

The V850/SA1 is a 32-bit single-chip microcontroller that uses a V850 Series CPU core and includes ROM, RAM,
and various peripheral functions such as a timer/counter, a serial interface, A/D converter, and DMA controller.

In addition to its real-time responsiveness and one-clock-pitch execution of instructions, the V850/SA1 includes a
hardware multiplier for multiplication instructions, saturation instructions, and bit manipulation instructions, all of
which are instructions suited to digital servo control applications. As a real-time control system, this device provides
a high level of cost performance suitable for applications ranging from low-power camcorders and other AV
equipment to portable telephone equipment such as cellular phones and PHS phone systems.

The following shows a list of the V850/SA1 products.

Table 1-1. List of V850/SA1 Products

Product Name I°C Function ROM RAM Size Package

Type Size

HPD703014A Not available Mask ROM 64 KB 4 KB 121-pin FBGA (12 x 12)

nPD703014AY Available

uPD703014B Not available 100-pin LQFP (14 x 14)

nPD703014BY Available

nPD703015A Not available 128 KB 121-pin FBGA (12 x 12)

nPD703015AY Available

uPD703015B Not available 100-pin LQFP (14 x 14)

nPD703015BY Available

uPD703017A Not available 256 KB 8 KB 100-pin LQFP (14 x 14)/

4PD703017AY | Available 121-pin FBGA (12 x 12)

uPD70F3015B Not available Flash memory 128 KB 4 KB 100-pin LQFP (14 x 14)

nPD70F3015BY | Available

uPD70F3017A | Not available 256 KB 8 KB 100-pin LQFP (14 x 14)/

4PD70F3017AY | Available 121-pin FBGA (12 x 12)
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CHAPTER 1 GENERAL DESCRIPTION OF V850/SA1

1.2 Features
O Number of instructions:

O Minimum instruction execution time:

O General-purpose registers:
O Instruction set:

O Memory space:

O External bus interface:

O On-chip memory:

O Interrupts and exceptions:

O 1/O lines:
O Timer/counter:

O Watch timer:
O Watchdog timer:

74
50 ns (when main clock is operating at fxx = 20 MHz)
58.8 ns (when main system clock is operating at fxx = 17 MHz)
30.5 us (when subsystem clock is operating at fxt = 32.768 kHz)
32 bits x 32 registers
Signed multiplication (16 x 16 — 32): 100 ns (operating at 20 MHz)
(able to execute instructions in parallel continuously without creating
any register hazards).
Saturation operations
(overflow and underflow detection functions are included)
32-bit shift instruction: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format
16 MB of linear address space (for programs and data)
External expandability: Expandable to 4 MB
Memory block allocation function: 2 MB per block
Programmable wait function
Idle state insertion function
16-bit data bus (address/data multiplex)
Address bus: Separate output enabled
Bus hold function
External wait function
uPD703014A, 703014AY, 703014B, 803014BY
(ROM: 64 KB/RAM: 4 KB)
uPD703015A, 703015AY, 703015B, 703015BY
(ROM: 128 KB/RAM: 4 KB)
uPD703017A, 703017AY (ROM: 256 KB, RAM: 8 KB)
uPD70F3015B, 70F3015BY (Flash memory: 128 KB/RAM: 4 KB)
uPD70F3017A, 70F3017AY (Flash memory: 256 KB/RAM: 8 KB)
External interrupts: 8 (5") sources
Internal interrupts: 24 sources
Software exceptions: 32 sources
Exception traps: 1 source
Interrupt priority levels are variable (8 levels)

Note Number of external interrupts that can cancel software STOP
mode

Total: 85 (13 input ports and 72 1/0O ports)

16-bit timer: 2 channels (PWM output)

8-bit timer: 4 channels (PWM output, cascade connection enabled)
Subclock or main clock operation: 1 channel

1 channel
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CHAPTER 1 GENERAL DESCRIPTION OF V850/SA1

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

Clocked serial interface (CSI)

I’C bus interface (I°C)
(uPD703014AY, 703014BY, 703015AY, 703015BY, 703017AY,
70F3015BY, and 70F3017AY only)

UART: 1 channel

CSlI: 1 channel

UART/CSI: 1 channel

[’C/CSI: 1 channel

UART dedicated baud rate generator: 2 channels

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

O DMA controller: Internal RAM «— on-chip peripheral I/O: 3 channels
O Real-time output support: 8 bits x 1 ch or 4 bits x 2 ch

O Clock generator: Main clock or subclock operation

5-level CPU clock (including clock-through mode and subclock
operations)

O Power saving functions: HALT/IDLE/software STOP modes

O Package: 100-pin plastic LQFP (fine pitch) (14 x 14 mm)
121-pin plastic FBGA (12 x 12 mm)

O CMOS structure: Full static circuits
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CHAPTER 1 GENERAL DESCRIPTION OF V850/SA1

1.3 Application
General battery-driven equipment such as camcorders (including DVC), meters, etc.

1.4 Ordering Information

Part Number

Package

Internal ROM

UPD703014AF1-xxx-EA6
UPD703014AYF1-xxx-EA6
1PD703014BGC-xxx-8EU
1PD703014BYGC-xxx-8EU
UPD703015AF1-xxx-EA6
UPD703015AYF1-xxx-EA6
1PD703015BGC-xxx-8EU
1PD703015BYGC-xxx-8EU
UPD703017AF1-xxx-EA6
1PD703017AGC-xxx-8EU
UPD703017AYF1-xxx-EA6
1PD703017AYGC-xxx-8EU
uPD70F3015BGC-8EU
uPD70F3015BYGC-8EU
uPD70F3017AF1-EA6
uPD70F3017AGC-8EU
uPD70F3017AYF1-EA6
uPD70F3017AYGC-8EU

121-pin plastic FBGA (12x12)
121-pin plastic FBGA (12x12)
100-pin plastic LQFP (fine pitch) (14x14)
100-pin plastic LQFP (fine pitch) (14x14)
121-pin plastic FBGA (12x12)
121-pin plastic FBGA (12x12)
100-pin plastic LQFP (fine pitch) (14x14)
100-pin plastic LQFP (fine pitch) (14x14)
121-pin plastic FBGA (12x12)
100-pin plastic LQFP (fine pitch) (14x14)
121-pin plastic FBGA (12x12)
100-pin plastic LQFP (fine pitch) (14x14)
100-pin plastic LQFP (fine pitch) (14x14)
100-pin plastic LQFP (fine pitch) (14x14)
121-pin plastic FBGA (12x12)
100-pin plastic LQFP (fine pitch) (14x14)
121-pin plastic FBGA (12x12)
100-pin plastic LQFP (fine pitch) (14x14)

Remarks 1. “xxx” indicates ROM code suffix.
2. The V850/SA1 does not include any ROMless versions.

Application Note U13851EJ2VOAN

64 KB (mask ROM)
64 KB (mask ROM)

64 KB (mask ROM)

64 KB (mask ROM)
128 KB (mask ROM)
128 KB (mask ROM)
128 KB (mask ROM)
128 KB (mask ROM)
256 KB (mask ROM)
256 KB (mask ROM)
256 KB (mask ROM)
256 KB (mask ROM)
128 KB (flash memory)
128 KB (flash memory)
256 KB (flash memory)
256 KB (flash memory)
256 KB (flash memory)
256 KB (flash memory)
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1.5 Pin Configuration (Top View)

100-pin plastic LQFP (fine pitch) (14 x 14 mm)
¢ uPD703014BGC-xxx-8EU ¢ uPD703017AGC-xxx-8EU ¢ uPD70F3017AGC-8EU
¢ uPD703014BYGC-xxx-8EU e uPD703017AYGC-xxx-8EU e uPD70F3017AYGC-8EU
e uPD703015BGC-xxx-8EU e uPD70F3015BGC-xxx-8EU
¢ uPD703015BYGC-xxx-8EU e UPD70F3015BYGC-xxx-8EU
~ 1]
g § 3 EE
3883 % £S5
<xQp < oL
—SEFS fobFoar-o -—o
oB5o88EELEEEEsEogor s
0BRGP ROZZZZZZZ2TL522222%
OULTOANT~TONOULITOANTTONAN—TONOSTOAN
Nrrrrrrr00000000PVO®O®ODI~NNNNIN
[ o T W Y o Y o T T VY WY WY o T WY Y WY o W o M W M Y o Y Y WY a WY 0 Y
COONOUITNATONDONOUOTNATTOOOMNO©
‘c_>c»c»c»c»c»ouc»ouo>ouoooooooooooooooooooo|\I\I\r\

P21/S02 O~—+{1 O 75 [+——O P71/ANI1
P22/SCK2 O=—>{2 74 [+=——CO P70/ANIO
P23/RXD1 O=—={3 73 |=—O AVrer
P24/TXD1 O=—>4 72——0O AVss

P25/ASCK1 O~—+|5 71 ——O AVio
Voo O——16 70 |=—=0O P65/A21
Vss O—7 69 [+—O P64/A20

P26/TI2/TO2 O~—=|8 68 [+—=O P63/A19

P27/TI3/TO3 O=—9 67 |=—O P62/A18

P30/TI00 O~—={10 66 [«~—O P61/A17

P31/TI01 O=—] 11 65 [=—=O P60/A16

P32/TI10 O=—>{12 64 [«—O P57/AD15

P33/TI11 O=~—{13 63 |=—O P56/AD14

P34/TO0/A13 O=— 14 62 [+—O P55/AD13
P35/TO1/A14 O=—>{15 61 [+=—=O P54/AD12
P36/TI4/TO4/A15 O~—>] 16 60 |+—=O P53/AD11
P37/TI5/TO5 O=~—{17 59 [+~—=O P52/AD10
IC/VeeNote 1 O—118 58 [~—=O P51/AD9
P100/RTPO/A5 O~—>119 57 f=—O P50/AD8
P101/RTP1/A6 O=—>120 56 ——O BVss
P102/RTP2/A7 O=— 21 55 ——O BV
P103/RTP3/A8 O=—»{22 54 [~—=O P47/AD7
P104/RTP4/A9 O=—-=23 53 |=—O P46/AD6
P105/RTP5/A10 O~—>{ 24 52 [«—=O P45/AD5
P106/RTP6/A11 O=~—={25 51 [~—=O P44/AD4
ONOVONDOTTAMNMTULONODNDO T~ ANNMITWONDOODO
ANANANNDDODODONONONTITITITITITIITITTIT O
N NOY-r-N SN SEELZTONXOO - N®
SEIRIRERINRIgzegEel e 8508
FETCOUT 2z :5F5445>&a
Orrr i~ _loZ;qugxﬁ-vﬁ-v
Foooo - QNUJm O g0 0 0
@ & aEaE%mwg
5 S 8% "¢
o g %

Notes 1. uPD703014B, 703014BY, 703015B, 703015BY, 703017A, 703017AY: IC (Connect directly to Vss)
uPD70F3015B, 70F3015BY, 70F3017A, 70F3017AY: Vep (Connect directly to Vss in normal
operation mode)

2. The SCL and SDA pins are valid only for the uPD703014BY, 703015BY, 703017AY, 70F3015BY,
and 70F3017AY.
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121-pin plastic FBGA (12 x 12 mm)
e uPD703014AF1-xxx-EA6
e UPD703014AYF1xxx-EA6
e uPD703015AF1-xxx-EA6

o uPD703015AYF1-xxx-EA6
e uPD703017AF1-xxx-EAB

e uPD70F3017AF1-EA6
e uPD70F3017AYF1-EAG

o uPD703017AYF1-xxx-EA6

Top View Bottom View

13 | O0O00000000000

12 | OO00000000000

11 0000000000000

10 | OO0 000

0 oJele; 000

8 oJele; 000

7 oJele; 000

6 oJele; 000

5 oJele; 000

+ | 000 0000

3 0000000000000

2 0000000000000

O 1 OOOOOOOOOOOOO‘
ABCDEFGHUJKLMN NMLKJHGTFEDT CBA

Pin No.| Name [PinNo.| Name |[PinNo.| Name |PinNo.| Name |[PinNo.| Name |PinNo.| Name
Al P20 B8 P83 D2 Vob G11 P60 K13 BVop M7 Vss
A2 P15 B9 P80 D3 Vss G12 P56 L1 P104 M8 Vss
A3 Vss B10 P75 D11 AVop G13 P57 L2 P105 M9 P92
A4 P13 B11 AVss D12 AVop HA1 P34 L3 RESET M10 P95
A5 P11 B12 AVss D13 AVop H2 P37 L4 Vop M11 P41
A6 P06 B13 P71 E1 P25 H3 P35 L5 Vss M12 P45
A7 P03 C1 P22 E2 Voo H11 P55 L6 X2 M13 P44
A8 P00 c2 P23 E3 P30 H12 P53 L7 P90 N1 P107
A9 P81 C3 Vss E11 AVop H13 P54 L8 P120 N2 P110
A10 P76 C4 P24 E12 P64 J1 IC/Vee™™ | L9 P93 N3 P112
A1 P73 C5 P07 E13 P65 J2 IC/Ver™™ | L10 P96 N4 Voo
A12 P72 C6 P04 F1 P26 J3 P100 L11 BVss N5 XT1
A13 AVss c7 PO1 F2 P27 J11 P52 L12 BVss N6 Vss
B1 P21 c8 P82 F3 P33 J12 P50 L13 BVss N7 Vss
B2 P14 C9 P77 F11 P63 J13 P51 M1 P106 N8 CLKOUT
B3 Vss C10 P74 F12 P61 K1 P101 M2 P111 N9 P91
B4 P12 C11 AVss F13 P62 K2 P102 M3 P113 N10 P94
B5 P10 C12 P70 G1 P31 K3 P103 M4 Vop N11 P40
B6 P05 C13 AVRer G2 P32 K11 P46 M5 XT2 N12 P42
B7 P02 D1 Vop G3 P36 K12 P47 M6 X1 N13 P43

Note uPD703014A, 703014AY, 703015A, 703015AY, 703017A, 703017AY: IC (Connected directly to Vss)
uPD70F3017A, 70F3017AY: Vep (Connect directly to Vss in normal operation mode)

Remarks 1. Names of shared (alternate-function) pins are omitted. Shared pins are the same as in the 100-
pin plastic LQFP version.
Note that the SCL and SDA pins are valid only for the uPD703014AY, 703015AY, 703017AY,

and 70F3017AY.

2. Connect the D4 pin directly to Vss.
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CHAPTER 1 GENERAL DESCRIPTION OF V850/SA1

1.6 Function Blocks

% 1.6.1 Internal block diagram

M -] Mask ROM CPU
- P ~— HLDRQ (P96)
INTPO to INTP6 ——> INTC % Instruction | [—= HLDAK (P95)
PC queue
Note 1} — ASTB (P94)
TI00, TIOA, . — — DSTB/RD (P93)
THO, TI11 = Timer/counter Sg;?(; shifter — QAGUSI’%IIGGI’—) 32 - B/Bvé/l\\l/\l‘llq:g1()|392)
TOo, TO1 16-bit timer: L~ LBEN/WRL (P90)
TI2/T02 < TMO, TM1 K=} | gaM System BCU |« WAIT
TI3/TO3 8-bit timer: register
T14/T04 : — > A1 to A12
TM2 to TM5
TI5/TO5 Genera|.purpose (P1OO to P107, P110to P1 13)
SI0 Note 2|~ [egisters 32 bits x 32 > A13 to A15 (P34 to P36)
ﬁ —> A16 to A21 (P60 to P65)
SO0 I
CsSlo/ K—> ADO to AD15
o g&%ﬁ%ﬁ:ﬁ:; zcNote 4 [y—] H I @ (P40 to P47, P50 to P57)
SO1/TXD0
SI1/RXDO CSH/UARTO R —>
SCK1/ASCKO ﬁ H ﬁ l
SO2 Ports | AD CLKOUT
_SIi2 csl2  K—> RTP | converter X1
SCK2 X2
CG
TXD1 QICESIRELBEHN2S XT1 (P114)
RXD1 UARTT = | B 888 o555 ecsse MO 84T O XT2
e $588288928828 &k <2525 RESET
—daaaooaoaaaad EE <°9(
DMAC: 3ch K> ao o o v
= = DD
] o < — Vss
Watch timer [K— BVoo
— BVss
Watchdog
timer < —— Vpphote
~ I |CNoteG

Notes 1. uPD703014A, 703014AY, 703014B, 703014BY: 64 KB (mask ROM)

uPD703015A, 703015AY, 703015B, 703015BY: 128 KB (mask ROM)
uPD703017A, 703017AY: 256 KB (mask ROM)
uPD703015B, 70F3017BY: 128 KB (flash memory)
uPD70F3017A, 70F3017AY: 256 KB (flash memory)

2. uPD703014A, 703014AY, 703014B, 703014BY, 703015A, 703015AY, 703015B, 703015BY,
70F3015B, 70F3015BY: 4 KB
uPD703017A, 703017AY, 70F3017A, 70F3017AY: 8 KB

3. The SCL and SDA pins are valid only for the uPD703014AY, 703014BY, 703015AY, 703015BY,
703017AY, 70F3015BY, and 70F3017AY.

4. The I°C function is valid only for the uPD703014AY, 703014BY, 703015AY, 703015BY, 703017AY,
70F3015BY, and 70F3017AY.

5. uPD70F3015B, 70F3015BY, 70F3017A, 70F3017AY

6. uPD703014A, 703014AY, 703014B, 703014BY, 703015A, 703015AY, 703015B, 703015BY,
703017A, 703017AY
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1.6.2

M

&)

3)

)

®)

(6)

@

()

On-chip units

CPU

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

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

Bus control unit (BCU)

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

ROM

This consists of a 64/128/256 KB mask ROM mapped to the address space starting at 00000000H and a
128/256 KB flash memory. Both types of memory can be accessed by the CPU in one clock cycle when an
instruction is fetched.

RAM

This consists of a 4 KB RAM mapped to the address space starting at FFFFEOOOH or an 8 KB RAM mapped
to the address space starting at FFFFDOOOH.

When accessing data, the CPU can access RAM in one clock cycle.

Interrupt controller (INTC)

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

Clock generator (CG)

The clock generator includes two types of oscillators, one each for the main clock (fxx) and the subclock (fxT).
It generates five types of clocks (fxx, fxx/2, fxx/4, fxx/8, and fxt), one of which is used as the operating clock
(fcpu) for the CPU.

Timer/counter

A 2-channel 16-bit timer/event counter and a 4-channel 8-bit timer/event counter are both on chip, which
enables measurement of pulse intervals and frequency as well as programmable pulse output.

The 2-channel 8-bit timer/event counter can be connected via a cascade connection to enable use as a 16-bit
timer.

Watch timer

This timer counts the reference time period (0.5 seconds) for counting the clock (the 32.768 kHz subclock or
the 16.777 MHz main clock). At the same time, the watch timer can be used as an interval timer for the main
clock.
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Watchdog timer

A watchdog timer has been included to detect inadvertent program loops, system abnormalities, etc. It can
also be used as an interval timer.

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

(10) Serial interface (SIO)
The V850/SA1 includes two kinds of serial interfaces: an asynchronous serial interface (UARTO, UART1)
and a clocked serial interface (CSIO to CSI2). These plus the I°C bus interface comprise four channels. One
of these channels is switchable between UART and CSI and another is switchable between CSI and I°C,
while the remaining two channels are fixed (one as UART and one as CSl).
For UARTO and UART1, data is transferred via the TXDO, TXDO0, and RXD1 pins.
For CSIO0 to CSI2, data is transferred via the SO0 to SO2, SI0 to SI2, and SCKO to SCK2 pins.
For I°C, data is transferred via the SDA and SCL pins. I’C is included in the uPD703014AY, 703014BY,
703015AY, 703015BY, 703017AY, 70F3015BY, and 70F3017AY only.
For UART only, there is a 2-channel dedicated baud rate generator on chip.
(11) A/D converter
This high-speed, high-resolution 10-bit A/D converter includes 12 analog input pins. Conversion uses the
successive conversion method.
(12) DMA controller
A 3-channel DMA controller is on chip. This controller transfers data between the internal RAM and
peripheral I/O devices in response to interrupt requests sent by on-chip peripheral hardware.
(13) Real-time output port (RTP)
The RTP is a real-time output function that transfers preset 8-bit data to an output latch when an external
trigger signal occurs or when there is a matching signal in a timer compare register. It can also be used for
2-channel, 4-bit data.
(14) Ports
As shown below, the following ports have general port functions and control pin functions.
Port 1/0 Port Function Control Function
PO 8-bit 1/0 General port NMI, external interrupt, A/D converter trigger, RTP trigger
P1 6-bit 1/0 Serial interface
P2 8-bit I/0 Serial interface, timer output
P3 8-bit 1/0 Timer I/O, external address bus
P4 8-bit 1/0 External address/data bus
P5 8-bit 1/0
P6 6-bit 1/0 External address bus
P7 8-bit input A/D converter analog input
P8 4-bit input
P9 7-bit 110 External bus interface control signal 1/0
P10 8-bit I/0 Real-time output port, external address bus
P11 4-bit 1/0, 1-bit input External address bus, subclock input
P12 1-bit I/0 Wait control
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1.7 Pin Functions

(1) Bus interface pins

Pin Name I/0 PULL Function
A1l to A15 (0] No Lower address bus used for external memory expansion
A16 to A21 (0] No Higher address bus used for external memory expansion
ADO to AD15 110 No 16-bit multiplexed address/data bus used for external memory expansion
ASTB O No External address strobe signal output
DSTB (0] No External data strobe signal output
HLDAK 0 No Bus hold acknowledge output
HLDRQ I No Bus hold request input
LBEN (0] No External data bus’s lower byte enable signal output
RD (0] No Read strobe signal output
R/W (0] No External read/write status output
UBEN (0] No External data bus’s higher byte enable signal output
WAIT | No Control signal input for inserting wait in bus cycle
WRH (0] No Higher byte write strobe signal output for external data bus
WRL No Lower byte write strobe signal output for external data bus

Remark PULL: On-chip pull-up resistor

(2) Peripheral I/O pins

(1/2)
Pin Name 1/0 PULL Function
TIOO | Yes External capture trigger input and external count clock input for TMO
TIO1 | Yes External capture trigger input for TMO
THHO | Yes External capture trigger input and external count clock input for TM1
TI11 | Yes External capture trigger input for TM1
TI2 to TI5 | Yes External count clock input for TM2 to TM5
TOO to TO5 o} Yes Pulse signal output for TMO to TM5
INTPO to INTP3 110 Yes External interrupt request input (analog noise elimination)
INTP4 to INTP6 External interrupt request input (digital noise elimination)
S0 to SI2 | Yes Serial receive data input (3-wire) for CSIO to CSI2
SO0 to SO2 O Yes Serial transmit data output (3-wire) for CSIO to CSI2
SCKO to SCK2 1/0 Yes Serial clock I/0 (3-wire) for CSIO to CSI2
scL™ 1’0 Yes Serial clock I/O for I°C
SDA™* 1’0 Yes Serial transmit data I/O for I°C

Note uPD703014AY, 703014BY, 703015AY, 703015BY, 703017AY, 70F3015BY, and 70F3017AY only.

Remark PULL: On-chip pull-up resistor

Application Note U13851EJ2VOAN 23



CHAPTER 1 GENERAL DESCRIPTION OF V850/SA1

24

(2/2)
Pin Name I/0 PULL Function
ASCKO | Yes Serial baud rate clock input for UARTO
ASCK1 | Yes Serial baud rate clock input for UART1
TXDO (0] Yes Serial transmit data output for UARTO
TXDA1 (0] Yes Serial transmit data output for UART1
RXDO | Yes Serial receive data input for UARTO
RXD1 | Yes Serial receive data input for UART1
ANIO to ANI11 | No Analog input to A/D converter
ADTRG | Yes External trigger input to A/D converter
NMI | Yes Non-maskable interrupt request input (analog noise elimination)
RTPO to RTP7 (0] Yes Real-time output port
RTPTRG | Yes RTP external trigger input

Remark PULL: On-chip pull-up resistor

(3) Power supply, clock, and reset pins

Pin Name I/0 PULL Function
CLKOUT (0] - On-chip system clock output
RESET | - System reset input
X1 | No Resonator connection for main clock
X2 -
XT1 | No Resonator connection for subsystem clock
XT2 -
|chee! - - Internal connection
AVrer | - Reference voltage input for A/D converter
AVop - - Positive power supply for A/D converter
AVss - - Ground potential for A/D converter
BVob - - Positive power supply for bus interface
BVss - - Ground potential for bus interface
Vob - - Positive power supply pin
Vss - - Ground potential
Vep'e? - - High-voltage application pins for program write/verify
Notes 1. uPD703014A, 703014AY, 703014B, 703014BY, 703015A, 703015AY, 703015B, 703015BY,
703017A, and 703017AY only.
2. uPD70F3015B, 70F3015BY, 70F3017A, and 70F3017AY only.
Remark PULL: On-chip pull-up resistor
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(4) Port pins

Pin Name

I/0

PULL Function

P00 to P07

I/0

Yes Port 0
8-bit I/O port
Input/output can be specified in 1-bit units

P10 to P15

I/0

Yes Port 1
6-bit 1/0 port
Input/output can be specified in 1-bit units

P20 to P27

I/0

Yes Port 2
8-bit I/O port
Input/output can be specified in 1-bit units

P30 to P37

I/0

Yes Port 3
8-bit 1/0 port
Input/output can be specified in 1-bit units

P40 to P47

I/0

No Port 4
8-bit I/O port
Input/output can be specified in 1-bit units

P50 to P57

I/0

No Port 5
8-bit 1/0 port
Input/output can be specified in 1-bit units

P60 to P65

I/0

No Port 6
6-bit /O port
Input/output can be specified in 1-bit units

P70 to P77

No Port 7
8-bit input port

P80 to P83

No Port 8
4-bit input port

P90 to P96

I/0

No Port 9
7-bit 1/0 port
Input/output can be specified in 1-bit units

P100 to P107

I/0

Yes Port 10
8-bit I/O port
Input/output can be specified in 1-bit units

P110to P113

I/0

Yes Port 11

P114

5-bit 1/0 port
Input/output can be specified in 1-bit units
P114 only fixed as input port.

No

P120

I/0

No Port 12
1-bit I/0O port

Remark PULL: On-chip pull-up resistor
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1.8 CPU Register Set

The V850/SA1’s CPU registers can be classified into two types: a general-purpose program register set and
special-purpose system register set. All registers are 32 bits wide. For details, refer to the V850 Series Architecture
User’s Manual.

Program register set System register set
31 0 31 0
r0 Zero register EIPC Exception/interrupt PC
1 Reserved for address register EIPSW  Exception/interrupt PSW
r2
r3 Stack pointer (SP) 31 0
r4 __ Global pointer (GP) FEPC Fatal error PC

r5  Text pointer (TP) FEPSW Fatal error PSW
r6

r7
r8
r9
r10
1 31 Q
12 | PSW Program status word |
r13

r14

r15

r16

17

r18

r19

r20

r21

r22

r23

r24

r25

r26

r27

r28

r29

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

31 0
| ECR Exception cause register |

31 0
PC Program counter
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1.8.1

Program register set

Program registers include general-purpose registers and a program counter (PC).

(1) General-purpose registers
A total of 32 program registers (rO to r31) are provided. All of these registers can be used as data variables or

address variables.

However, r0 and r30 are used implicitly by instructions, so caution is required when using these registers.

Also, r1, r3 to r15, and r31 are used implicitly by the assembler and C compiler, so be sure to save the

contents of these registers before using them and restore the contents afterward so that their contents will not

be destroyed. There may be cases when r2 is used by the real-time OS. If the real-time OS to be used does

not use r2, r2 can be used as a register for variables.

Table 1-2. List of Program Registers

Name Application Operation
r0 Zero register Always retains “0”
r1 Assembler reserve register Used as a working register for 32-bit immediate generation
r2 Registers used for address/data variable (when the real-time OS to be used does not use r2)
r3 Stack pointer Used to generate stack frame for function calls
r4 Global pointer Used to access global variables in data area
r5 Text pointer Used as the register that indicates the start of the text area™™
ré to r29 Registers used for address/data variable
r30 Element pointer Used as the base pointer when accessing memory
r31 Link pointer Used when the compiler makes a function call
PC Program counter Retains instruction addresses during program execution

Note The text area is the area where program code is allocated.

(2) Program counter
This register holds the address of the instruction being executed. 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

31

24 23

PC Fixed to O

Instruction address being executed

1.0
[o]

Application Note U13851EJ2VOAN
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1.8.2 System register set
System registers are used to hold CPU status control information, interrupt information, etc.

Table 1-3. System Register Set

No. System Register Application Operation
0 EIPC Register for saving When an exception or interrupt has occurred, the PC and PSW
1 EIPSW interrupt status data (program status word) are saved to these registers. Since there are

only two of these registers, when multiple interrupts are enabled data
must be saved to these registers by the program.

2 FEPC NMI status registers When an NMI (non-maskable interrupt) has occurred, the PC and
3 FEPSW PSW are saved to these registers.
4 ECR Interrupt source register | When an exception, maskable interrupt, or NMI has occurred, the

source is retained in this register. The higher 16 bits of this register,
called “FECC”, are where the NMI's exception code is set. The
lower 16 bits, called “EICC”, are where the exception or interrupt
exception code is set.

5 PSW Program status word The program status word is a set of flags that indicates the
program’s status (instruction execution results) and the 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

31 16 15 0
ECR FECC EICC
FECC NMI exception code (see V850/SA1 Hardware User’s Manual for details of exception
codes)
EICC Exception code for exception/interrupt
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(2) Program status word (PSW)

PSW

After reset: 00000020H

31 8 7 6 5 4 3 2 1 0
RFU NP |EP | ID |SAT|CY |OV| S| Z
| RFU | Reserved field (fixed to 0).
NP Non-maskable interrupt (NMI) processing status
0 NMI processing not in progress.
1 NMI processing in progress.
This flag is set (1) when an NMI is acknowledged.
This flag disables multiple interrupts.
EP Exception processing status
0 NMI processing not in progress.
1 NMI processing in progress.
This flag is set (1) when an exception is generated
Interrupt requests can be acknowledged.
ID Maskable interrupt processing specification
0 Enables maskable interrupt acknowledgement.
1 Disables maskable interrupt acknowledgement.
This flag is set (1) when a maskable interrupt request is acknowledged.
SATNete Detection overflow in result of saturated operation instruction
0 Overflow does not occur.
Even though the result of executing a saturated operation instruction does not overflow with
this flag set (1), this flag will not be cleared (0). To clear this flag (0), write directly to the PSW.
1 Overflow occurs.
CY Detection of carry or borrow in result of operation
0 Carry or borrow does not occur.
1 Carry or borrow occurs.
Q\/Note Detection of overflow during operation
0 Overflow does not occur.
1 Overflow occurs.
GNote Detection of positive/negative of operation result
0 Result is not negative (positive or zero).
1 Result is negative.
Note The contents of the OV and S bits during a saturation operation determine the

operation results of the saturation instruction. The SAT bit is set (1) only when the OV
bit is set (1) during a saturation operation.

Application Note U13851EJ2VOAN
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Detection of zero of operation result

Result is not zero

1 Result is zero

Status of operation result Status of flag Operation result after
SAT ov s saturation instruction

More than maximum 1 1 0 7FFFFFFFH

positive value

More than maximum 1 1 1 80000000H

negative value

Positive (not exceeding Value before 0 0 Same as the operation result

maximum value) operation

Negative (not exceeding retained 1

maximum value)

30
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1.9 Operation Modes

The V850/SA1 provides the following operations modes.

M

2

Normal operation mode (single-chip mode)

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

Flash memory programming mode
This mode is provided only in the uPD70F3015B, 70F3015BY, 70F3017A, and 70F3017AY. The internal

flash memory is programmable or erasable only when the Vrp voltage is applied to Vee pin.

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

Figure 1-1. Memory Map

The CPU address space is reserved as shown below.

uPD703017AYN"®  ,PD70F3017AYNet® Single-chip mode Single-chip mode
(external expansion mode)
xxFFFFFFH xxFFFFFFH On-chip On-chip 4 KB
xxFFFO00H xxFFFO00H peripheral I/O area peripheral I/O area '
xxFFEFFFH xxFFEFFFH
Internal RAM area Internal RAM area 12 KB
xxFFCO00H xxFFCO00H
xxFFBFFFH xxFFBFFFH
(Access prohibited) External memory 16 MB
area
xx100000H xx100000H
xxOFFFFFH xxOFFFFFH
Internal ROM/ Internal ROM/
on-chip flash on-chip flash 1 MB
memory area memory area
xx000000H xx000000H
Note Here, the uPD703017AY and uPD70F3017AY are given as typical examples.
For details, refer to the V850/SA1 Hardware User’s Manual.

1.10.1 Interrupt/exception table

The V850/SA1 accelerates interrupt responsiveness by assigning handler addresses corresponding to
interrupts/exceptions.

These handler addresses are collected in what is called an interrupt/exception table, which is located in the
internal ROM/internal flash memory area. When an interrupt/exception request is acknowledged, processing jumps
to the handler address, and the program written at that memory address is executed.
interrupts/exceptions and the corresponding addresses are shown below.

The sources of
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Table 1-4. Interrupt/Exception Table

Start Address of Interrupt/Exception Table Interrupt/Exception Source
00000000H RESET
00000010H NMI

00000020H INTWDT
00000040H TRAPON (n=0to F)
00000050H TRAPIn (n=0to F)
00000060H ILGOP

00000080H INTWDTM
00000090H INTPO

000000A0H INTP1

000000B0OH INTP2

000000COH INTP3

000000DOH INTP4

000000EOH INTP5

000000FOH INTP6

00000100H INTWTI

00000110H INTTMOO0
00000120H INTTMO1
00000130H INTTM10
00000140H INTTM11
00000150H INTTM2
00000160H INTTM3
00000170H INTTM4
00000180H INTTM5
00000190H INTIICO"™"/INTCSIO
000001AO0H INTSERO
000001BOH INTSRO/INTCSI1
000001COH INTSTO
000001DOH INTCSI2
000001EOH INTSER1
000001FOH INTSR1
00000200H INTSTH
00000210H INTAD

00000220H INTDMAO
00000230H INTDMAA1
00000240H INTDMA2
00000250H INTWT

Note Valid only in the puPD703014AY, 703014BY, 703015AY,
703015BY, 703017AY, 70F3015BY, and 70F3017AY.
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Figure 1-2. Recommended Memory Map (for Device with On-Chip Flash Memory)
Program space Data space
FFFFFFFFH On-chip
peripheral I/O area | %
FFFFF3C7Y | o] I, |
FFFFF3C6H \
FFFFFOOOH | ..
FFFFEFFFH
Internal RAM area
FFFFCOOOH | ...
FFFFBFFFH |
= xxFFFFFFH
Ext | Internal
xternalmemory .- peripheral I/O area
area s
I xxFFF3C7H
FF800000H obiboosk
------------------- P xxFFFOOOH
FF7FFFFFH XxFFEFFFH
01000000Hﬁ - N Internal RAM area
: N xxFFDOOOH
OOFFFFFFH Access prohibited | *FFCFFFH
On-chip peripheral area xxFFCO00H
VO areatew | xxFFBFFFH
External memory
OOFFFOO0OH area 800000H
\ XX
OOFFEFFFH AT xx7FFFFFH
Internal RAM area
0OFFCO00H
00FFBFFFH xx100000H
) xxOFFFFFH
K Internal ROM area/
. | K on-chip flash
16 MB xternal memory / memo!
6 area N e Voo xx040000H
00800000H | | ! xx03FFFFH
007FFFFFH
x0000000H
External memory
area - ’
8 MB 00100000H A4
000FFFFFH| Internal ROM area/ | Internal ROM - ;
on-chip flash area/on-chip .~
00040000H |._____memory _Mlash memory /
0003FFFFH
00000000H A 2

Note This area cannot be used as a program area.

Remarks 1. Vertical arrows (J ) indicate areas recommended for use.
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70F3017A, and 70F3017AY.

2. The above shows the recommended memory map for the uPD703017A, 703017AY,
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1.11 Pipeline

The V850/SA1 processes each instruction in five stages. One clock cycle is required for each stage, which means
that five clock cycles are needed to process an entire instruction. However, since five instructions can be processed
via a five-stage pipeline in parallel, almost all instructions can be processed in one clock cycle.

IF ID EX | MEM | WB

The five pipeline stages are described below.

(1) IF (Instruction Fetch)
At this stage, the instruction is fetched and the fetch pointer is incremented.

(2) ID (Instruction Decode)
At this stage, the fetched instruction is decoded, immediate data is generated, and register contents are read.

(8) EX (Execution using ALU, multiplier, and barrel shifter)
At this stage, the decoded instruction is executed.

(4) MEM (Memory access)
Memory is accessed at the target address.

(5) WB (Writeback)
The results of instruction execution are written back to the target registers.
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1.11.1 Pipeline operation

The V850/SA1’s instruction execution stages consist of five stages from IF (instruction fetch) to WB (writeback).
The execution time at each stage differs depending on the type of instruction and the memory area to be accessed.
CPU processing during continuous execution of nine typical instructions is illustrated in Figure 1-3 below as an
example of pipeline operation.

Figure 1-3. Pipeline Operation (During Continuous Execution of Nine Typical Instructions)

Flow of time (state)

System clock |||||||||||||||||||||||||||

P i rf d
e @@ @l ]e|o]e]e oo

Instruction 1 | 1F | 10 | Ex [MEM| w8 |
Instruction 2 - [ F ] 0] Ex vem we|
InStrction 3« [ T [ ex wem[wa |

Instruction 4 | IF | ID | EX |MEM| WB|

Instruction 5 | IF | ID | EX |MEM| WB|

Instruction 6 | IF | ID | EX |MEM| WB|

Instruction 7 F | 10 | Ex [MEM| wB |

Instruction 8 | IF | D | EX |MEM| WB|

Instruction 9 | IF | D | EX |MEM| WB

Instruction 1 completed
Instruction 2 completed
Instruction 3 completed

Instruction 4 completed
Instruction 5 completed
Instruction 6 completed
Instruction 7 completed

Instruction 8 completed
Instruction 9 completed

In the figure, (1) to (13) indicate the CPU’s states. In each state, writeback for instruction n is performed
simultaneously with memory access for instruction n+1, execution of instruction n+2, decoding of instruction n+3, and
fetching of instruction n+4. For a typical instruction, the five stages from fetch to writeback require five clock cycles.
However, since five instructions can be processed in parallel, a typical instruction can be processed in one clock
cycle (on average).
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1.11.2 Pipeline operation when interrupt occurs

Figure 1-4 shows an example of pipeline operation when an interrupt has occurred. The operation of
acknowledging the interrupt requires four clock cycles. An instruction that has reached the EX stage continues to be
executed even when an interrupt is acknowledged. An instruction that has not reached the EX stage is temporarily
rendered invalid, and processing of that instruction resumes at the IF stage after the interrupt has been serviced.

Figure 1-4. Pipeline Operation (When Interrupt Is Acknowledged)

7 to 14 clock cycles 4 clock cycles
>l »|

|-
I
Systemclock|||<||||||Illllllllllllllllllll
Interrupt request I

Instruction 1 | IF | ID | EX MEM| WB |
Instruction 2 IFX | IDX
Instruction 3 IFX
Interrupt acknowledge operation INT1 |INT2 INT3|INT4
Instruction (first instruction in IF | ID | EX |MEM| WB |

interrupt service routine)

INT1 to INT4: Interrupt acknowledge processing
IFX: Invalid instruction fetch
IDX: Invalid instruction decode

1.11.3 Pipeline operation during DMA transfer
A DMA transfer requires four clock cycles. During a DMA transfer, pipeline operation stops at each stage and
resumes from the same stage after DMA transfer has been completed.

Figure 1-5. Pipeline Operation (During DMA Transfer)

7 to 14 clock cycles 4 clock cycles
I l

| g gl

System clock ||||||||||||||||||||||||||||||||
Interrupt request I

Instruction 1 | IF | ID | EX MEM| WB

Instruction 2 IF | ID EX |[MEM| WB

Instruction 3 IF D | Ex [vEm| wa |
DMA processing DMAT |DMA2 | DMA3 | DMA4

Instruction 4 IF | 10 | Ex [MEM| wa |

DMA1 to DMA4: DMA transfer processing
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1.12 Power Saving Function

1.12.1 Operation modes of power saving function
The power saving function has the following modes.

These modes can be combined and switched to suit the target application, which enables effective implementation

of low-power systems.

(1) HALT mode

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

(2) IDLE mode

This mode stops the entire system by stopping the CPU’s operating clock as well as the operating clock for
on-chip peripheral functions while the clock oscillator is still operating. However, the subclock continues to
operate and supplies a clock to the on-chip peripheral functions. When this mode is canceled, there is no
need for the oscillator to wait for the oscillation stabilization time, so normal operation can be resumed quickly.

(3) Software STOP mode

This mode stops the entire system by stopping the main clock oscillator. The subclock continues to be
supplied to keep on-chip peripheral functions operating. If a subclock is not used, low power consumption
mode is set. STOP mode setting is prohibited if the CPU is operating via the subclock.

(4) Subclock operation

In this mode, the CPU clock is set to operate using the subclock and the PSC register’'s MCK bit is set (to 1) to
set the entire system to low power consumption mode in which the system operates using only the subclock.
When IDLE mode has been set, the CPU’s operating clock and some peripheral functions (DMAC and BCU)

are stopped, so that power consumption can be reduced.

Power Saving Mode

Transition to Mode

Cancellation of Mode

HALT mode

Execution of HALT instruction

RESET, NMI, or maskable interrupt that is not masked

IDLE mode

Setting of PSC register

RESET, NMI, maskable interrupt that is not masked and is
from an operable internal peripheral I/O area, or external
interrupt that is not masked.

Software STOP mode

Setting of PSC register

RESET, NMI, maskable interrupt that is not masked and is
from an operable internal peripheral I/O area, or external
interrupt that is not masked

Subclock operation

Setting of PCC register

Setting of PCC register
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CHAPTER 1 GENERAL DESCRIPTION OF V850/SA1

1.12.2 System configuration example using power saving function

The following is a system configuration example in which watch functions are valid even during power saving
mode. In the example shown in Figure 1-6, an NMI notifies the V850/SA1 when a power supply shutdown has been
detected, and battery power Vob is supplied while the main power supply is down. The V850/SA1’s RESET pin is
connected to a separate switch so that a power-on reset does not occur. Also, the time value is saved to internal
RAM (for a circuit example, refer to 3.11 Shutdown Detection Circuit and Backup Power Supply).

Figure 1-6. System Configuration Example Using Power Saving Function

System power supply ————»>|

Power supply motor

power supply switch

V850/SA1

Y

&

Vbp

Battery —

Reset occurs

> NMI

Wr/o—

When shutdown occurs

CPU operation during shutdown

> RESET

Recovery from shutdown

Power supply monitor
circuit detects shutdown

INTWTI interrupt occurs

Power supply monitor
circuit detects power
supply recovery

NMI occurs in V850/SA1

Internal RAM is refreshed

NMI occurs in V850/SA1

Interrupts other than
INTWTI are masked and
mode is changed to IDLE
mode

Transition to IDLE mode

Return to normal
operation mode
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1.13 Peripheral I/O Registers

(1/4)
Address Function Register Name Symbol | R/'W Operable Bits After Reset
1 8 16
FFFFFOOOH | Port 0 PO RW | J 00H"™"
FFFFFO02H | Port 1 P1 RW | J 00H""
FFFFFO04H | Port 2 P2 RW | J 00H""*
FFFFFO0O6H | Port 3 P3 RW | J 00H""
FFFFFOO8H | Port 4 P4 RW | J 00H""*
FFFFFOOAH | Port 5 P5 RW | J 00H""
FFFFFOOCH |Port6 P6 RW | v 00H"™"
FFFFFOOEH | Port 7 P7 R v \ Undefined
FFFFFO10H | Port 8 P8 R V J Undefined
FFFFFO12H | Port9 P9 RW | J 00H""
FFFFFO14H | Port 10 P10 RW | J 00H"™"
FFFFFO16H | Port 11 P11 RW | J 00H""
FFFFFO18H | Port 12 P12 RW | J 00H""*
FFFFFO20H | Port 0 mode register PMO RW | \ FFH
FFFFFO22H | Port 1 mode register PM1 RW | J 3FH
FFFFF024H | Port 2 mode register PM2 RW | \ FFH
FFFFFO26H | Port 3 mode register PM3 RW | J FFH
FFFFF028H | Port 4 mode register PM4 RW | + \ FFH
FFFFFO2AH | Port 5 mode register PM5 RW | N FFH
FFFFFO2CH | Port 6 mode register PM6 RW | + \ 3FH
FFFFFO32H | Port 9 mode register PM9 RW | J 7FH
FFFFF034H | Port 10 mode register PM10 RW | + \ FFH
FFFFFO36H | Port 11 mode register PM11 RW | J 1FH
FFFFFO38H | Port 12 mode register PM12 RW | + \ O1H
FFFFFO4CH | Memory expansion mode register MM RW | \/ O0H
FFFFFO58H | Port 12 mode control register PMC12 RW | + \ O0H
FFFFFO60H | Data wait control register DWC R/W J FFFFH
FFFFF062H | Bus cycle control register BCC R/W \ AAAAH
FFFFF064H | System control register sYyc RW | N O0H
FFFFFO68H | Memory address output mode register MAM w \ 00H
FFFFFO70H | Power save control register PSC RW | \/ COH
FFFFFO74H | Processor clock control register PCC RW | + \ 03H
FFFFFO78H | System status register SYS RW | \/ O0H
FFFFFO80H | Pull-up resistor option register 0 PUO RW | S 00H
FFFFFO82H | Pull-up resistor option register 1 PU1 RW | N O0H
FFFFF084H | Pull-up resistor option register 2 PU2 RW | S 00H
FFFFFO86H | Pull-up resistor option register 3 PU3 RW | \/ O0H
FFFFF094H | Pull-up resistor option register 10 PU10 RW | S 00H
FFFFF096H | Pull-up resistor option register 11 PU11 RW | + \/ O0H
FFFFFOA2H | Port 1 function register PF1 RW | + \ O0H

Note A reset initializes the system to input mode, so the pin level is read during a read operation. Output latches
are initialized to OOH.
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(2/4)
Address Function Register Name Symbol | R/W Operable Bits After Reset
1 8 16
FFFFFOA4H | Port 2 function register PF2 RW | \ 00H
FFFFFOB4H | Port 10 function register PF10 RW | J 00H
FFFFFOCOH | Rising edge enable register 0 EGPO RW | \ 00H
FFFFFOC2H | Falling edge enable register 0 EGNO RW | N 00H
FFFFF100H | Interrupt control register WDTIC RW | \ 47H
FFFFF102H | Interrupt control register PICO RW /| J 47H
FFFFF104H | Interrupt control register PIC1 RW | \ 47H
FFFFF106H | Interrupt control register PIC2 RW /| J 47H
FFFFF108H | Interrupt control register PIC3 RW | \ 47H
FFFFF10AH | Interrupt control register PIC4 RW /| J 47H
FFFFF10CH | Interrupt control register PIC5 RW | \ 47H
FFFFF10EH | Interrupt control register PIC6 RW /| J 47H
FFFFF110H | Interrupt control register WTIIC RW | \ 47H
FFFFF112H | Interrupt control register TMICOO |R/W | J 47H
FFFFF114H | Interrupt control register TMICO1 RW | \ 47H
FFFFF116H | Interrupt control register TMIC10 |RW | J 47H
FFFFF118H | Interrupt control register TMIC11 RW | \ 47H
FFFFF11AH | Interrupt control register T™MIC2 RW /| J 47H
FFFFF11CH | Interrupt control register TMIC3 RW | \ 47H
FFFFF11EH | Interrupt control register TMIC4 RW /| J 47H
FFFFF120H | Interrupt control register TMIC5 RW | \ 47H
FFFFF122H | Interrupt control register csico RW | J 47H
FFFFF124H | Interrupt control register SERICO |RW | + \ 47H
FFFFF126H | Interrupt control register csict RW | J 47H
FFFFF128H | Interrupt control register STICO RW | \ 47H
FFFFF12AH | Interrupt control register csic2 RW /| J 47H
FFFFF12CH | Interrupt control register SERIC1 |RW | \ 47H
FFFFF12EH | Interrupt control register SRIC1 RW | J 47H
FFFFF130H | Interrupt control register STICH RW | \ 47H
FFFFF132H | Interrupt control register ADIC RW /| J 47H
FFFFF134H | Interrupt control register DMAICO |RW | \ 47H
FFFFF136H | Interrupt control register DMAICT |RW | J 47H
FFFFF138H | Interrupt control register DMAIC2 |RW | \ 47H
FFFFF13AH | Interrupt control register WTIC RW /| J 47H
FFFFF166H | In-service priority register ISPR R \ \ 00H
FFFFF170H | Command register PRCMD w J Undefined
FFFFF180H | DMA peripheral I/O address register 0 DIOAO R/W S Undefined
FFFFF182H | DMA internal RAM address register O DRAO R/W J Undefined
FFFFF184H | DMA byte count register 0 DBCO R/W \ Undefined
FFFFF186H | DMA channel control register O DCHCO R/W J J 00H
FFFFF190H | DMA peripheral I/O address register 1 DIOA1 R/W S Undefined
FFFFF192H | DMA internal RAM address register 1 DRA1 R/W J Undefined
FFFFF194H | DMA byte count register 1 DBCH1 R/W \ Undefined
FFFFF196H | DMA channel control register 1 DCHCH RW | J 00H
FFFFF1AOH | DMA peripheral I/O address register 2 DIOA2 R/W S Undefined
FFFFF1A2H | DMA internal RAM address register 2 DRA2 R/W J Undefined
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(3/4)
Address Function Register Name Symbol | R/W Operable Bits After Reset
1 8 16

FFFFF1A4H | DMA byte count register 2 DBC2 R/W \ Undefined
FFFFF1A6H | DMA channel control register 2 DCHC2 |RW | J 00H

% | FFFFF1F4H | Flash memory programming mode control register FLPMC R/W v \ Note 1
FFFFF200H | 16-bit timer register O TMO R J 0000H
FFFFF202H | 16-bit capture/compare register 00 CROO Note 2 S 0000H
FFFFF204H | 16-bit capture/compare register 01 CRoO1 Note 2 J 0000H
FFFFF206H | Prescaler mode register O PRMO R/W \ 00H
FFFFF208H | 16-bit timer mode control register 0 TMCO RW | J 00H
FFFFF20AH | Capture/compare control register O CRCO R/W N S 00H
FFFFF20CH | Timer output control register 0 TOCO R/W y J OOH
FFFFF20EH | Prescaler mode register 01 PRMO1 R/W \ 00H
FFFFF210H | 16-bit timer register 1 T™M1 R J 0000H
FFFFF212H | 16-bit capture/compare register 10 CR10 Note 2 S 0000H
FFFFF214H | 16-bit capture/compare register 11 CR11 Note 2 J 0000H
FFFFF216H | Prescaler mode register 1 PRMA1 R/W \ 00H
FFFFF218H | 16-bit timer mode control register 1 TMCH1 R/W y J O00H
FFFFF21AH | Capture/compare control register 1 CRC1 R/W N S 00H
FFFFF21CH | Timer output control register 1 TOCH1 R/W y J OOH
FFFFF21EH | Prescaler mode register 11 PRM11 R/W \ 00H
FFFFF240H | 8-bit counter 2 T™2 R J O00H
FFFFF242H | 8-bit compare register 2 CR20 R/W \ 00H
FFFFF244H | Timer clock select register 2 TCL2 R/W J O00H

* | FFFFF246H | 8-bit timer mode control register 2 TMC2 R/W v \ 04H""*
FFFFF24AH | 16-bit counter 23 T™M23 R J 0000H
FFFFF24CH | 16-bit compare register 23 CR23 R/W \ 0000H
FFFFF24EH | Timer clock select register 21 TCL21 R/W J O00H
FFFFF250H | 8-bit counter 3 T™3 R J 00H
FFFFF252H | 8-bit compare register 3 CR30 R/W J 00H
FFFFF254H | Timer clock select register 3 TCL3 R/W \ 00H

* | FFFFF256H | 8-bit timer mode control register 3 TMC3 R/W v J 04H""*
FFFFF25EH | Timer clock select register 31 TCL31 R/W \ 00H
FFFFF260H | 8-bit counter 4 T™M4 R J O00H
FFFFF262H | 8-bit compare register 4 CR40 R/W \ 00H
FFFFF264H | Timer clock select register 4 TCL4 R/W J O00H

* | FFFFF266H | 8-bit timer mode control register 4 TMC4 R/W v \ 04H""*
FFFFF26AH | 16-bit counter 45 TM45 R J 0000H
FFFFF26CH | 16-bit compare register 45 CR45 R/W \ 0000H
FFFFF26EH | Timer clock select register 41 TCL41 R/W \/ O00OH
FFFFF270H | 8-bit counter 5 TM5 R J 00H
FFFFF272H | 8-bit compare register 5 CR50 R/W J 00H

Notes 1. In single chip mode: 18H or 38H
In flash memory programming mode: 1CH or 3CH
2. In compare mode: R/W
In capture mode: R
3. The hardware status is initialized to 04H, however, 00H is read during a read operation.
42 Application Note U13851EJ2VOAN



CHAPTER 1 GENERAL DESCRIPTION OF V850/SA1

(4/4)
Address Function Register Name Symbol | R/W Operable Bits After Reset
1 8 16

FFFFF274H | Timer clock select register 5 TCL5 R/W \ 00H
FFFFF276H | 8-bit timer mode control register 5 TMC5 RW | \ 04H"""
FFFFF27EH | Timer clock select register 51 TCL51 R/W \ 00H
FFFFF2A0H | Serial I/O shift register 0 SI00 R/W \ 00H
FFFFF2A2H | Serial operation mode register 0 CSIMO RW | \ 00H
FFFFF2A4H | Serial clock select register 0 CSISo RW | \ 00H
FFFFF2BOH | Serial I/O shift register 1 SIO1 R/W \ 00H
FFFFF2B2H | Serial operation mode register 1 CSIM1 RW | \ 00H
FFFFF2B4H | Serial clock select register 1 CSISt RW | \ 00H
FFFFF2COH | Serial I/O shift register 2 SI02 R/W \ 00H
FFFFF2C2H | Serial operation mode register 2 CSIM2 RW | \ 00H
FFFFF2C4H | Serial clock select register 2 CsIs2 RW | \ 00H
FFFFF300H | Asynchronous serial interface mode register 0 ASIMO RW | \ 00H
FFFFF302H | Asynchronous serial interface status register 0 ASISO R \ \ 00H
FFFFF304H | Baud rate generator control register O BRGCO R/W \ 00H
FFFFF306H | Transmission shift register O TXS0 w \ FFH
FFFFF308H | Reception buffer register 0 RXBO R \ FFH
FFFFF30EH | Baud rate generator mode control register O BRGMCO | R/W \ 00H
FFFFF310H | Asynchronous serial interface mode register 1 ASIM1 RW | \ 00H
FFFFF312H | Asynchronous serial interface status register 1 ASIS1 R \ \ 00H
FFFFF314H | Baud rate generator control register 1 BRGCH1 R/W \ 00H
FFFFF316H | Transmission shift register 1 TXS1 w \ FFH
FFFFF318H | Reception buffer register 1 RXB1 R \ FFH
FFFFF31EH | Baud rate generator mode control register 1 BRGMC1 | R/W \ 00H
FFFFF320H | Baud rate generator mode control register 01 BRGMCO1 | R'W \ 00H
FFFFF340H | IIC control register*™®? licco RW | \ 00H
FFFFF342H | IIC status register**? 1Cso R \ \ 00H
FFFFF344H | IIC clock select register*? lICCLO RW | \ 00H
FFFFF346H | Slave address register"™®? SVAO R/W \ 00H
FFFFF348H | IIC shift register*™®? 1ICO R/W \ 00H
FFFFF34AH | 1IC function expansion register 0" IICX0 RW | \ 00H
FFFFF360H | Watch timer mode register WTM RW | \ 00H
FFFFF380H | Oscillation stabilization time select register OSTS R/W \ 04H
FFFFF382H | Watchdog timer clock select register WDCS R/W \ 00H
FFFFF384H | Watchdog timer mode register WDTM RW | \ 00H
FFFFF3AOH | Real-time output buffer register L RTBL R/W \ 00H
FFFFF3A2H | Real-time output buffer register H RTBH R/W \ 00H
FFFFF3A4H | Real-time output port mode register RTPM RW | S O0H
FFFFF3A6H | Real-time output port control register RTPC RW | S O0H
FFFFF3COH | A/D converter mode register ADM RW | \ 00H
FFFFF3C2H | Analog input channel specification register ADS RW | \ 00H
FFFFF3C4H | A/D conversion result register ADCR R \ 0000H
FFFFF3C6H | A/D conversion result register (higher 8 bits) ADCRH R \ 00H

Notes 1. The hardware status is initialized to 04H, however, O0H is read during a read operation.
2. uPD703014AY, 703014BY, 703015AY, 703015BY, 703017AY, 70F3015BY, and 70F3017AY only.
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CHAPTER 2 BUS INTERFACE CONNECTION CIRCUIT EXAMPLES

This chapter provides circuit examples that use pins related to the V850/SA1 bus interface to connect to external
devices. Connection-related cautions points and pin functions are described below in 2.1 Bus Interface
Connection Circuit Examples. Actual circuit examples are shown in 2.2 PROM Connection Circuits.

O The configuration diagrams that include timing generators and decoders emphasize theoretical descriptions.
Generally, even blocks that use gate arrays or PLDs may use only components such as AND/OR/flip-flops.
Accordingly, no model names are given for the timing generators and decoders. Be sure to consider delay time
and DC characteristics when selecting components for the actual circuit design.

O In this chapter, it is assumed either that address signals separated from ADO to AD15 on the V850/SA1 are
used or that A1 to A15 on the V850/SA1 are used (refer to 2.1.1 Address bus below).

O When the circuit example includes a connection to a 5 V device, a level converting device is used (except for
gates) even when DC characteristics can be met. In an actual circuit, the level converting device can be
omitted if DC characteristics are met by the V850/SA1 and the connected device.

x 2.1 Bus Interface Connection Circuit Examples

2.1.1 Address bus

The V850/SA1 is able to use address signals up to 22 bits in width. The lower 16 bits can use ADO to AD15,
which are multiplexed as the data bus, or they can use the separated A1 to A15 (the separated AO signal cannot be
used).

If using ADO to AD15, address/data separation is required. The typical method for addresses is to use transparent
latch devices and to generate address signals using an ASTB signal. The data bus uses ADO to AD15 as they are.
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Figure 2-1. Circuit Example with Separate Address Bus and Data Bus

ADO to AD15 ADO to AD15 (data bus)
Memory
N I/0
A0 to A21 (address bus)
ADO A0
AD7 A7
ASTB G OE
V850/SA1 74HC373
AD8 A8
AD15 A15
G OE
74HC373
A16 to A21 /
| T | T2 | T3 |
CLKOUT
ASTB \ /
ADOto AD15 = —--~- X Address X Data -——

< o<

A0 to A15Nete X X

Note AO to A15 are signals separated by ASTB.

Remarks 1. The timing chart assumes a zero-wait state.
2. Broken lines indicate high impedance.
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2.1.2 Operation modes of read/write control pins
The following two modes can be set for the read/write control pins.

o DSTB, R/W, LBEN, UBEN signal output mode
e RD, WRL, WRH, UBEN signal output mode

These modes are set via the system control register (SYC). The pin logic is shown below.

Figure 2-2. Logic of Read/Write Control Pins

RW DO—C
RD
DSTB
Jo———wrn
2.1.3 5V device connection

When connecting the V850/SA1 to a 5 V system (device), a level converting device is used to maintain the
V850/SA1’s DC characteristics.

If the connected device already satisfies the V850/SA1’s DC characteristics, there is no need to use a level
converting device.

(@]

O 00

LBEN

O 00

UBEN

Figure 2-3. 5V Device Connection

V850/SA1 Level conversionN'® Memory, I/0, etc.
Positive
2.7103.6 V —={ Voo oower supply [ *5V
Voo =—>= 5V
GND — Vss GND —— GND

Note Various level converting devices are available, including the LCX Series, LVX Series,
and FCT Series. These devices are sold by IC manufacturers.
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2.1.4 Connection of 8-bit bus width unit and 16-bit bus width unit

Although the V850/SA1 data bus has a fixed width of 16 bits, its data space (i.e., the space accessed by LD, ST,
and bit manipulation instructions) is byte access-enabled, so both 8-bit bus width and 16-bit bus width configurations
are possible. The program space is entirely 16-bit accessible, so a 16-bit bus width configuration is required. In any
case, the address bus is arranged starting from the A1 signal.

8-bit bus width unit and 16-bit bus width unit connections are shown below.

Figure 2-4. 8-Bit Bus Width Unit Arranged in Data Space (Connection to ADO to AD7)

V850/SA1 8-bit memory, 1/10
ADO to AD7 K. >DO0 to D7
A1toAn +1 >AOtoAn
Read/write > RD/WR

control signal

Caution This is valid only for byte access to even addresses.

Figure 2-5. 8-Bit Bus Width Unit Arranged in Data Space (Connection to AD8 to AD15)

V850/SA1 8-bit memory, 1/10

AD8 to AD15 <, ">{D0to D7

A1to An +1 >A0toAn

Read/write RD/WR
control signal >

Caution This is valid only for byte access to odd addresses.
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Figure 2-6. Connection to 16-Bit Bus Width Unit

V850/SA1 16-bit memory, 1/10
ADO to AD15 K ">{D0to D15
A1 to An +1 T>{A0to An
Read/write RD/WR
control signal >

Figure 2-7. Connection to 8-Bit Bus Width Unit Arranged in Space Required for Program Space/16-Bit Access

V850/SA1 8-bit memory, I/O
Data (8 bits)

ADOto AD15 K —————"b0t0 D7

Bus swap circuit

UBEN,LBEN[ > &
address generation | Address (n bits)
Y T R E— E— VYN

Read/write
RD/WR
control signal >

Remark For a circuit example, refer to 2.5 Connection of 8-Bit PROM Using Bus Sizing Circuit.
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2.2 PROM Connection Circuits

The following circuit example uses one 27C1024 (PROM, 64 K x 16 bits). The V850/SA1 is connected to a 128
KB external ROM space.

[Circuit configuration]
O Main system clock: 16 MHz
O Connected devices: 27C1024 x 1
O Memory usage: Address range 00000H to 1FFFFH in external memory space
(128 KB space starting at address 0)

[DWC and BCC settings]
O Wait setting: 0 waits
O Idle state: Not inserted
O Read/write control pin mode: DSTB, R/W, LBEN, UBEN signal output

[Circuit type]
O Since the 27C1024 is a 5 V product, a level converting device is used to connect to the address bus and data

bus.

Address bus: 74FCT16244
Data bus: 74FCT163244

Caution For OE control of the decoder and data buffer used to generate CS, use a product that
maintains the DC characteristics of the V850/SA1 and the 27C1024.

O ROM'’s CS signal (ROMCS) is generated by decoding the higher 5 bits of the address.
O The 74FCT163244’s OE signal (ROMOE) is generated from the R/W and DSTB signals (the UBEN and LBEN

signals are not used).
O The WAIT pin is not controlled (it is fixed to high level).
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Figure 2-8. PROM Connection Circuit Example

ADO to AD15
A1 to A21
74FCT16244 27C1024 74FCT163244
Al AD
AO 00 0
A B
A6 AD1
A16 A5 015 o
10E Vec —5V — 10E Vce —BVop
20E +—C] 20E
30E GND ROMCS | —C30E  GND
70E ;7_ —J CS Vee —5V , d70E ;7_
—C OE  GND ;7_
A17

A18
A19
A20

A21

isvis

DSTB .

ROMOE

- B

Remark 27C1024: 64 K address space x 16 bits (1 Mb)
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Figure 2-9. PROM Read Operation

| T1 | T2 | T3 |

CLKOUT

bsTe \ /

R/ \
apotoaDts ==~ nddess  f--{{{ paa F---{
s\ (1) —

ROMOE \ /

(1) Data output delay time following active state transition of 27C1024’s cS signal: 85 ns (Max.)

Remarks 1. ROMCS and ROMOE are signals generated in this circuit.
2. Broken lines indicate high impedance.
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2.3 SRAM Connection Circuits

The following are examples of connections between the V850/SA1 and SRAM devices.

In 2.3.1 SRAM connection circuit example 1 (connection of 8-bit SRAMs), two 8-bit SRAM devices are
connected to configure a 16-bit bus space.

In 2.3.2 SRAM connection circuit example 2 (connection of 16-bit SRAM), one 16-bit SRAM device is
connected.

2.3.1 SRAM connection circuit example 1 (connection of 8-bit SRAMs)
In the following example, two uPD431000A (SRAM, 128 K x 8 bits) devices are used to configure a 256 KB
external RAM space which is connected to the V850/SA1.

[Circuit configuration]
O V850/SA1’s main system clock: 16 MHz
O Connected devices: uUPD431000A x 2
O Memory usage: Address range 040000H to 07FFFFH in external memory space
(256 KB space starting at address 40000H)

[DWC and BCC settings]
O Wait setting: 2 wait cycles
O Idle state: Not inserted
O Read/write control pin mode: RD, WRL, WRH, UBEN signal output

[Circuit type]
O SRAM'’s CS signal (RAMCS) is generated by decoding the higher 4 bits of the address.
O SRAM’s OE pin is connected to RD.
O The WE pin of the SRAM connected to ADO to AD7 is connected to WRL.
The WE pin of the SRAM connected to AD8 to AD15 is connected to WRH.
O The WAIT pin is not controlled.
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Figure 2-10. uPD431000A Connection Circuit Example

ADO to AD15
A0 to A21
UPD431000A
A1 ADO
, AO DO [———
A18 Do s i i i i
A19 7 i i i ?
b A17 ' ' AD7
A20 J ———A16 D7 ——
A21 a RAMCSj == BVoo
RD j OE
WRL WE CE2
uPD431000A
A1 ADS8
, AO DO [———
A7 | ! ' | AD15
——1A16 D7 —
RAMCS { === BVoo
] OE
WRH WE CE2
Remark uPD431000A: 128 K address space x 8 bits (1 Mb)

Application Note U13851EJ2VOAN

53



CHAPTER 2 BUS INTERFACE CONNECTION CIRCUIT EXAMPLES

Figure 2-11. Read Operation (uPD431000A)

T1 T2 | 7w | Tw | T3
CLKOUT
A16 to A21 Address
ADO to AD15 - = = - 1 Address |)==-===-=-F-=-=-=-=-= ---{{g Data Jf---{----
I (2
ASTB \ /
— [
RD
WRH, WRL H
(1)
RAMCS \
(1) Data output delay time following active state transition of C_S_:150 ns (Max.)
(2) Output float delay time following inactive state transition of OE: 50 ns (Max.)
Remarks 1. RAMCS is a signal generated in this circuit.
2. Broken lines indicate high impedance.
Figure 2-12. Write Operation (uPD431000A)
T1 T2 | w | w | T3
CLKOUT
A16 to A21 Address
ADO to AD15 ==~ — 1 Address Data
ASTB \ /
RD H
WRH, WRL
RAMCS

Remarks 1. RAMCS is a signal generated in this circuit.
2. Broken lines indicate high impedance.
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Figure 2-13. Even Address Byte Write Operation (uPD431000A)

T T2 ™ | ™ | T3

CLKOUT

A16 to A21 Address

ADO to AD15 = ===~ Address DataN°te

ASTB __\ /_ -

WRL

WRH H

RAMCS

Note ADS8 to AD15 output invalid data.

Remarks 1. RAMCS is a signal generated in this circuit.
2. Broken lines indicate high impedance.
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Figure 2-14. Odd Address Byte Write Operation (uPD431000A)

T T2 ™ | ™ | T3

CLKOUT

A16 to A21 Address

ADO to AD15 = ===~ Address DataN°'®

ASTB __\ /_ -

WRL H

WRH

RAMCS

Note ADO to AD7 output invalid data.

Remarks 1. RAMCS is a signal generated in this circuit.
2. Broken lines indicate high impedance.
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2.3.2 SRAM connection circuit example 2 (connection of 16-bit SRAM)
In the following example, one uPD431016LE (SRAM, 64 K x 16 bits) device is used to configure a 128 KB external

RAM space which is connected to the V850/SA1.

[Circuit configuration]
O V850/SA1’s main system clock: 16 MHz
O Connected devices: uPD431016LE x 1
O Memory usage: Address range 040000H to 07FFFFH in external memory space
(256 KB space starting at address 40000H)

Caution The address range from 60000H to 7FFFFH is the image of address range 40000H to 5FFFFH.

[DWC and BCC settings]
O Wait setting: 0 waits
O Idle state: Not inserted
O Read/write control pin mode: DSTB, R/W, LBEN, UBEN signal output

[Circuit type]
O SRAM's CS signal (SRAMCS) is generated by decoding the higher 4 bits of the address.
O SRAM's OE and WE signals (SRAMOE, SRAMWE) are generated from R/W and DSTB.
O SRAM’s UB and LB pins are connected to UBEN and LBEN respectively.
O The WAIT pin is not controlled.
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Figure 2-15. uPD431016LE Connection Circuit Example

A21

ADO to AD15
AO to A21
{PD431016LE
A ADO
—{ Ao DO ,
At | ! ' | AD15
| _
A19 J SRAMCS i
A20 7 gcs
\4

DSTB SRAMOE —

SRAMWE —

@)
=
m

JU U

Q
s

UBEN

LBEN d LB

Remark pPD431016LE: 64 K address space x 16 bits (1 Mb)
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Figure 2-16. Read Operation (uPD431016LE)

CLKOUT

T

T2

T3

A16 to A21

Address

ADOto AD15 = - -~-

Address

ASTB

B

o

DSTB

UBEN, LBEN

SRAMCS

SRAMOE

SRAMWE H

Remarks 1. SRAMCS, SRAMOE, and SRAMWE are signals generated in this circuit.

2. Broken lines indicate high impedance.
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Figure 2-17. Write Operation (uPD431016LE)

T T2 | T3 |

CLKOUT

A16 to A21 Address

ADOto AD15 == —-— Address Data

ASTB 7__\ /_ -

UBEN, LBEN

SRAMCS

SRAMOE H

SRAMWE

Remarks 1. SRAMCS, SRAMOE, and SRAMWE are signals generated in this circuit.
2. Broken lines indicate high impedance.
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2.4 DRAM Connection Circuits

In the following circuit example, the V850/SA1 uses one uPD42S16160L (DRAM, 1 M x 16 bits) device and is
connected to a 2 MB external RAM space.

Different refresh circuits are used in DRAM connection circuit example 1 (refer to 2.4.1 below) and DRAM
connection circuit example 2 (refer to 2.4.2 below). Although the CBR method is used as the DRAM refresh method
in both examples, in DRAM connection circuit example 1 the refresh period is the hold state period for the
V850/SA1’s bus. In DRAM connection circuit example 2, bus arbitration is performed by an external bus arbiter.

2.4.1 DRAM connection circuit 1 (refresh uses HLDRQ pin)

[Circuit configuration]
O V850/SA1’s main system clock: 16 MHz

O Connected device: uPD42S16160L x 1
O Memory usage: Address range 200000H to 3FFFFFH in external memory space
O Supported cycles: Read cycle, early write cycle, and CBR refresh cycle

[DWC and BCC settings]
O Wait setting: 1 wait cycle
O Idle state: Not inserted
O Read/write control pin mode: DSTB, R/W, LBEN, UBEN signal output

[Circuit type]
O The V850/SA1’s address A21 is monitored at the rising edge of the T2 clock. If the address matches, a
CLKOUT signal is generated via read cycle/write cycle timing.
O The WAIT pin is not controlled (it is fixed at high level).
O A refresh request is generated in 31.25 us™ by the external counter and the refresh is executed via the
following sequence.

Note Since the uPD42S16160L’s refresh cycle timing is 4096 cycles per 128 us, the refresh interval is
(128000/4096 =) 31.25 (us). Consequently, a refresh interval of 31.25 us or less is required.
Since one cycle is 62.5 ns at 16 MHz, the refresh interval is (31.25 us/62.5 ns) = 500. Therefore, one
refresh can be performed every 500 CLKOUT cycles.

(1) A refresh request is generated by the external counter.

(2) The V850/SA1’s HLDRQ pin becomes active.

(8) The V850/SA1’s HLDAK pin becomes active and enters the hold state.

(4) One CBR refresh cycle is executed (timing is generated using CLKOUT signal).
(5)

(6)

The V850/SA1’s HLDRQ pin becomes inactive.
The V850/SA1’s HLDAK pin becomes inactive and its hold state is canceled.
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Figure 2-18. uPD42S16160L Connection Circuit Example (Refresh Uses HLDRQ Pin)

ADO to AD15
AN
A1 to A21
74AC157 x 3
A1 MAO
| Address MA:11
’ output
A20 block
1PD42S16160L
A21 SEL
MAO ADO
——— A0 /00 ————
= IR
BEN —| . MA11 | ' | AD15
Timing — A11 /015 F———
HLDAK —  generator RAS L
S d RAS
ASTB ——— UCAS j Tors
REFRQ""® —————— 1CAS
LCAS TEAS
CLKOUT h
RW g _
j dwe
DSTB Q
[; o d oE
HLDRQ

Note The REFRAQ signal occurs once using the high level of the clock synchronized with the CLKOUT
signal as the refresh timing.

Remark pPD42S16160L: 1 M x 16 bits (16 Mb)
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Figure 2-19. Timing Generator (DRAM Connection Circuit Example 1)

[ > e

UBEN—i
A21 :})— D D Q u}:Doi UCAS
ASTB——C(
—> ’7>
T
D Q SEL
--—C%>
REFRQ
HLDAK o D D Q ®
’_é D Q HLDRQ
— —
—>
CLKOUT
Application Note U13851EJ2VOAN 63




CHAPTER 2 BUS INTERFACE CONNECTION CIRCUIT EXAMPLES

Figure 2-20. Address Output Block

Alto A20 —\

SEL

Al 1A 1Y

A2 2A 2y

A3 3A 3y

Ad 4A 4Y

A9 1B 74157 or equivalent circuit

A10 2B

A1l 3B

Al12 4B G
S

AS 1A 1Y

A6 2A 2Y

A7 3A 3Y

A8 4A 4Y

A13 1B 74157 or equivalent circuit

A4 2B

A15 3B

A16 4B G
S
1A 1Y
2A 2Y
3A 3Y
4A 4Y

A17 1B 74157 or equivalent circuit

A18 2B

A19 3B

A20 4B G
S

MAQ
MA1
MA2
MA3

MA4
MA5
MAG
MA7

MA8
MA9
MA10
MA11

/7~ MAOQ to MA11
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Figure 2-21. Read/Write Timing

| T | T2 ™ | T3 |

CLKOUT

ASTB __\ /_ -

DSTB

A19

RAS

SEL \ /—________

UCAS, LCASNete?

OF WENete2 /

Notes 1. When LBEN is active, LCAS becomes active.
When UBEN is active, UCAS becomes active.

When LBEN and UBEN are active, LCAS and UCAS become active.

2. OE becomes active during a read operation.
WE becomes active during a write operation.

Figure 2-22. Refresh Timing (DRAM Connection Circuit Example 1)

| ™ | TH | T™H | TH | TH |

CLKOUT|||||||||||||||
REFRQ H)
<

o M\ /

))

I — 166
UCAS, LCAS \ /

))

JE— «
RAS \I
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2.4.2 DRAM connection circuit 2 (refresh arbiter uses WAIT pin)

[Circuit configuration]
O V850/SA1’s main system clock: 16 MHz

O Connected device: uPD42S16160L x 1
O Memory usage: Address range 200000H to 3FFFFFH in external memory space
O Supported cycles: Read cycle, early write cycle, and CBR refresh cycle

[DWC and BCC settings]
O Wait setting: 0 waits (controlled by WAIT pin)
O Idle state: Not inserted
O Read/write control pin mode: DSTB, R/W, LBEN, UBEN signal output

[Circuit type]

O The V850/SA1’s address A21 is monitored at the rising edge of the T2 clock. If the address matches, a
CLKOUT signal is generated via read cycle/write cycle timing.

O An arbiter circuit is implemented to arbitrate the V850/SA1’s access requests and refresh requests.

O If a V850/SA1 access request and a refresh request occur at the same time, the refresh cycle takes priority.

O If access from the V850/SA1 occurs during a refresh operation, a wait is inserted by hardware and a read
cycle or write cycle is started after the refresh operation is completed.

O One™™ refresh request is generated by the external counter at an interval of 31.25 ps.

Note Since the uPD42S16160L’s refresh cycle timing is 4096 cycles per 128 us, the refresh interval is
(128000/4096 =) 31.25 (us). Consequently, a refresh interval of 31.25 us or less is required.
Since one cycle is 62.5 ns at 16 MHz, the refresh interval is (31.25 us/62.5 ns) = 500. Therefore, one
refresh can be performed every 500 CLKOUT cycles.

66 Application Note U13851EJ2VOAN



CHAPTER 2 BUS INTERFACE CONNECTION CIRCUIT EXAMPLES

Figure 2-23. uPD42S16160L Connection Circuit Example (Refresh Arbiter Uses WAIT Pin)

ADO to AD15
N
A1l to A21
74AC157 x 3
Al MAO
i Address MA11
' output —
A20 block
PD42S16160L
SEL N
MA1 ADO
——— A0 1/00 F————
SEL o | |
MA11 ' ' AD1
A21 — A1 1/015 —5
REFSTRT —
j RAS
PUSTRT | Timi —
ASTB Arbiter CPUS Timing UCAS
generator j
REFRQ"*® dicas
| REFEND
1 CPUEND
UBEN o
LBEN WE
OE
WAIT
RW j:
DSTB o

I

Note The REFRQ signal occurs once using the high level of the clock synchronized with the CLKOUT
signal as the refresh timing.

Remark PD42S16160L: 1 M x 16 bits (16 Mb)
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Figure 2-24. Arbiter

BVop
D
Q \, D Q REFSTRT
REFR
’ . OQ B
REFEND O<
A21 D Q ) D Q CPUSTRT
AST84C{>>R —>
CPUEND O<

Do WATT

CLKOUT

Figure 2-25. Timing Generator (DRAM Connection Circuit Example 2)

LBEN

;g [CAS
o =

CPUSTRT b a b a ' > :@oiucms

T Yo s

D Q SEL

>
D Q CPUEND

O D Q D Q g _—
REFSTRT — ) D Q REFEND

CLKOUT
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Figure 2-26. Operation of Arbiter

(When Refresh Request and V850/SA1 Access Request Occur Simultaneously)

CLKOUT

REFRQ

A21

Refresh cycle

CPU cycle

T

L

L

JERERNREEE

L

L

T | tw [ Tw [ Tw | Tw | Tw | TW | TW | TW | T3

L

L

ASTB \

REFSTRT

CPUSTRT

REFEND

CPUEND

WAIT \

RAS

UCAS, LCAS

SEL
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2.5 Connection of 8-Bit PROM Using Bus Sizing Circuit

The following is an example of a V850/SA1 that is connected to an external ROM space.

In this circuit example, both 16-bit access and 8-bit access are supported. During a 16-bit read operation, read
access of PROM is executed twice by hardware and the 16-bit data is arranged and transferred to the V850/SA1.
Wait control is performed by hardware.

[Circuit configuration]
O V850/SA1’s main system clock: 16 MHz
O Connected devices: HN27C4001G x 1
O Memory usage: Address range 000000H to 07FFFFH in external memory space

[DWC and BCC settings]
O Wait setting: 0 wait cycles (controlled by WAIT pin)
During 8-bit read: 1 wait cycle (inserted by hardware)
During 16-bit read: 3 wait cycles (inserted by hardware)
O Idle state: Not inserted
O Read/write control pin mode: RD, WRL, WRH, UBEN signal output

[Circuit design]
O ROM's CS signal (ROMCS) is generated by decoding the higher 3 bits of the address.
O The AO (signal generated when separated from ADO) and UBEN signals are decoded to determine the
V850/SA1’s access type.

A0 UBEN Access Type
Low level Low level 16-bit access
Low level High level Even address byte access
High level Low level Odd address byte access

O One 8-bit buffer is used and the lower byte is latched during a 16-bit read operation.
O The CLKOUT signal is used to generate the ROM’s A0 signal, and latch signal as well as the V850/SA1’s
WAIT signal.
O Level converting devices are used to connect ROM’s I/O signals.
ROM'’s AO to A18, CS, and OE pins: 74FCT244 x 3
ROM'’s OO0 to O7: 74FCT3373 (connects to V850/SA1’s ADO to AD7) x 1
74FCT3373 (connects to V850/SA1’s AD8 to AD15) x 1
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Figure 2-27. Connection of 8-Bit PROM Using Bus Sizing Circuit

ADO to AD15
A0 to A21
74FCT244 % 3 HN27C4001G 74FCT3244
A1 A1 00 AD8
. . A1 00 , ——
1 1 1 1 1 1
1 E | | | | I> 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
! ! ! ! ! !
A18 A18 ' ' o7 AD15
AO A8 07 >
ROMAO ROMAO 20 SED
ROMCS ROMCS S
HOVOE e 74FCT3373
—————( ok 00 ADO
' i
1 1
A19 _ ! I> i
A20 | OE i i
A21 o7 AD7
G ‘OE

I
ASTB
A0 — >
UBEN :g
WAIT
CLKOUT
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Figure 2-28. Byte Access

CLKOUT

ASTB __\ /_

ROMAO

ROMCS

74FCT3373G

ROMOE

WAIT
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Figure 2-29. Word Access/Halfword Access

CLKOUT

ASTB

WAIT

ROMCS

ROMAO

74FCT3373G

ROMOE

T

T2 ™ T™W

™

T3
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CHAPTER 3 PERIPHERAL FUNCTION CONNECTION EXAMPLES

This chapter described connection examples using the V850/SA1’s internal peripheral I/O functions. In these
examples, the V850/SA1’s Vop and BVbb power supply voltages are both 3.3 V.

In these circuit examples, a level converting device is used when connecting to 5 V devices, as was the case in
chapter 2. In an actual circuit, the level converting device can be omitted if DC characteristics are met by the
V850/SA1 and the connected device.

3.1 Pushbutton Switch Connection (Port Function)
The following example shows a pushbutton switch connected to an input port.

Figure 3-1. When Using Software to Eliminate Chattering

O O ® Input port

77T

Remarks 1. “0”is input when the switch is on, and “1” is input when it is off.
2. Use software to eliminate switch chattering.
3. The external pull-up resistor can be omitted if the port enables internal pull-up.

Figure 3-2. When Using Hardware to Eliminate Chattering

40/ Input port
7 7—7|; 74HC14

Remark “1”is input when the switch is on, and “0” is input when it is off.
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3.2 LED Connection (Port Function)
An example of an LED connected to an output port is shown below.
e The LED is ON when the port output value is “1”.

e The LED is OFF when the port output value is “0”.

Figure 3-3. Example of LED Connection to Output Port

Vb
Output port
74HCT240 v
3.3 Digital Input for Isolation (Port Function)
In the following example, a photocoupler is used to isolate an input port.
e When port input is at low level, “0” is input.
e When port input is at high level, “1” is input.
Figure 3-4. Isolation of Input Port (Example)
Isolation (positive) voltage (12 to 24 V) Voo
PS2503-1
L 3 . Input port
Input o— 2] 4
77T
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3.4 Digital Output for Isolation (Port Function)
In the following example, a photocoupler is used to isolate an output port.

Figure 3-5. Isolation of Output Port (Example)

Isolation (positive) voltage (12 to 24 V)

Vob
- PS2502-1

/\/\/\, 1 El O Output

Output port {>O 2 4

74HC240

777 Isolation ground

3.5 1Vto5V Type Analog Input (A/D Converter)
A connection example for an analog voltage 1 V to 5 V input is shown below.
e When the input voltage is 1 V, 0.59 V are input.

e When the input voltage is 5 V, 2.94 V are input.

Figure 3-6. Analog Voltage 1V to 5 V Input Connection Example

3KQ V850/SA1

AN 10kQ
A

PC151 ANIn

uPC151
-5V

+15V 3V
+15V ~— AVRrer
5.1kQ
1Vto5Vinput O—A\W\ 1,8\5\’(2

1.8kQ

5.1kQ -15V AVss

A.GND - A.GND
G A.GND G

Remark n=0to 11
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3.6 4 mA to 20 mA Type Analog Input (A/D Converter)

A connection example for a 4 mA to 20 mA analog input is shown below.
e When the input value is 4 mA, 0.59 V are input.
e When the input value is 20 mA, 2.94 V are input.

Figure 3-7. 4 mA to 20 mA Analog Input Connection Example

4 mA to 20
mA input

Remark n=0to 11

V850/SA1

3V

~<— AVRer

ANIn

3 10 kQ
NN
+15V
+15V
O S ke 10 kQ
. AN
PC151
250 Q q# ﬂuPC151
1.8 kQ -15V
5.1 kQ -15V
A.GND A.GND -
G A.GND

AVss

A.GND
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3.7 DC Motor Connection (Timer/Counter Function)

In the following example, the TM2 output (TO2) is used to control a DC motor.

Set TM2 to PWM output and change TO2'’s output pulse to control the rotational speed of the DC motor.

The rotary encoder pulse output from the DC motor is connected to T100 to enable monitoring of the DC motor’s
rotational speed.

Figure 3-8. Example of Using TM2 Output (TO2) to Control DC Motor

MTV
Connector for DC motor
1
10 kQ )
MC14054B
+5V
TO2 S1AIN AOUT |2 | =
> BIN BouT [4— 280135 A 15953 3
1oin cout 86— 4
AR pout H&- 5
e EouT H&-
LAY FouT |15~ 7
MG
Vob a +12V
—e—
13 mopE Voo M
! Vce Vss 8
+5V
47KQ

TIOO }3 O<} _L 4’.\;\5\52 .

74FCT3240 7—7|7—’0-1 HF

Remark MTV and MG are isolated from other power supplies.
The DC motor connects to DME33BM37G.

Table 3-1. Connector for DC Motor

No. Function

1 Power supply for motor (+12 V)

Ground for motor

Power supply for pulse generator

Pulse generator output

(S, I I N BNV B I o)

Ground for pulse generator
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3.8 Analog Output (RTP) Using R-2R Circuit

Output via RTPO to RTP7 is used in the following example which includes an 8-bit D/A converter based on an R-

2R circuit.

RTP7 corresponds to the MSB and RTPO to the LSB, and output is full-scale output using FFH.

Figure 3-9. Example of 8-Bit D/A Converter Using R-2R Circuit

RTP7

RTP6

RTP5

RTP4

RTP3

RTP2

RTP1

RTPO

74HC244

20 kQ

OE

O Analog output
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3.9 RS-232C Interface Connection (UART)

In the following example, UART1 is connected as an asynchronous RS-232C interface.
The transmit/receive clock is divided from the internal clock.

Figure 3-10. Example of UART1 Connected as Asynchronous RS-232C Interface

MAX232 DSUB (9 pins)
74FCT244
TXD1 I Tl T1I0 O TXD 3
T2l T20 O RTS 7
]
RXD
74FCT3244 Rl TS 2
R2I —_CTS1g
RXD1 R10
—{R20
ﬂr :

Table 3-2. RS-232C Interface Connector

No. Signal Name Description

1 NC Not connected

2 RXD Receive data

3 TXD Transmit data

4 DTR Terminal ready

5 SG Signal ground

6 NC Not connected

7 RTS Request to send

8 CTS Clear to send

9 NC Not connected

Remark RTS and DTR are both fixed to the active level.
CTS is not connected.
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3.10 Serial EEPROM™ Connection (I°C)
The following example shows an I°C bus interface connected to a serial EEPROM (NM24C02LM).
The NM24C02LM’s device address (AO to A2) is set via switches. SCL and SDA are connected directly to the

V850/SA1’s SCL and SDA respectively.

Figure 3-11. Example of I’C Bus Interface Connected to Serial EEPROM (NM24C02LM)

Vobp Vobp
NM24C02LM
(2 Kb)
scL . scL AO . o o
SDA SDA Al o o1
Voo A2 o o—
Vce T
77era
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3.11 Shutdown Detection Circuit and Backup Power Supply

A power supply voltage monitor circuit and power backup are shown below.

In this circuit example, the NMI pin goes to high level when the power supply voltage drops below 3 V and returns
to low level when the power supply voltage rises to 3 V again.

A non-maskable interrupt is designed to be triggered by either a rising edge or falling edge. When a non-
maskable interrupt has occurred, if there is a program to confirm the state of the NMI pin, it provides greater safety
for the system.

When a power shutdown occurs, Voo is supplied from a capacitor (0.47 F).

Figure 3-12. Example of Power Supply Monitor Circuit and Power Backup

Veo V850/SA1
2SA1175
3.3V : 14 Vob
% 15 kQ 1 kQ 22 Q
+ +
0.47 F IIJI7100 uF ——0.1 uF
2S8C2785
% 4.7 kKQ
Vss
Vob
e
TL7700 4.7 kQ
3.3V Vce R P * 4 NMI
74HC14
% 5.1 kQ
Vs Ct j
% 1kQ 7JT/ GND ;0.1 uF
e
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CHAPTER 4 APPLICATION EXAMPLES

This chapter describes features of the TB-V850/SA1 CPU training board that has been developed as a tool for
evaluating and studying the V850/SA1.

4.1

4.1.1

M

&)

©)

)

Features of TB-V850/SA1

General description of TB-V850/SA1

CPU clock

Main clock: 16 MHz
Subclock: 32.768 kHz

CPU power supply
Power is supplied separately via the system power supply (+5 V) and CPU power supply (+3.3 V) (Vob, BVop).

Bus interface connections
Memory: EPROM (128 KB)
SRAM (128 KB)
DRAM (2 MB)
1/O: LCD (16 characters x two lines)

Connection of peripheral functions

INTC:

Timer counter:
UART:

I’C bus:

A/D converter:
RTP:

Port functions:

NMI switch

INT switch

Encoder pulse from DC motor

DC motor x 1

RS-232C interface

Dedicated flash programmer interface
EEPROM (NM24C02LM)

Voltage input is variable from 0 to 3 V using variable resistor
Speaker output via R-2R circuit
Output port (LED x 8)

Input port (toggle switch x 8)
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4.1.2 Configuration of TB-V850/SA1
The composition of the TB-V850/SA1 is shown below.

Figure 4-1. Configuration of TB-V850/SA1

V850/SA1
N 27C1024 x 1
TXDO 16 bits EPROM
Flash programmer >
interface RXDO (128 KB)
Vep
PD431016L x 1
Reset RESET 16 bits SRAM
switch Reset OUT — (128 KB)
ADO to AD15 [<——>
,—> ANI9 PD42S16160L x 1
16 bits DRAM
Power "
monitor (2 MB)
P/DWN
I—» o—>{ NNI 8 bits LCD
NMI <"::>16 characters x 2 lines
ouT P03 N
NMI
switch P34 1o P37, —r LED x 8
P02 P110to P113
0sC
X TO2 DC motor Connector
interface for motor
TIOO
Oscillator X1
XT2
RTPO to RTP7 ——> D/A (R-2R) |——> Speaker
INT switch INTPO
TXD1 RS-232C DSUB
Toggle switthx8 |F———{P70t0 P77  Ryp{ interface 9 pins
NM24C02LM
Variable resistor
0to 3V OUT ANI SDA EEPROM
sSCL (2 KB)
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4.1.3 Bus interface connections
The V850/SA1’s external bus interface connects with a PROM, SRAM, DRAM, and LCD using a 4 MB space.
On the training board, addresses ADO to AD15 are separated. DSTB, RN_V, LBEN, and UBEN are used as control

signals.

Programmable waits are used to set wait cycles for PROM and SRAM.
Hardware waits are inserted under the control of the WAIT pin for DRAM and the LCD.

EPROM: A 128 KB area starting from address xx000000H is the ROM area.

SRAM:

DRAM:

LCD:

One 27C1024 1 Mb (64 K x 16 bits) device is mounted. A one-cycle programmable wait is required
when the 16 MHz system clock is used.

A 128 KB area starting from address xx020000H is the SRAM area.
One uPD431016L 1 Mb (64 K x 16 bits) device is mounted. This area can be accessed with zero waits.

A 2 MB area starting from address xx200000H is the DRAM area.

One uPD42S16160L 16 Mb (1 M x 16 bits) device is mounted. This area can be accessed with two
wait cycles inserted by hardware. As for the refresh cycle, the hardware in this unit drives a CBR
refresh cycle. When the V850/SA1’s DRAM is accessed during a refresh operation, wait cycles are
inserted by the board’s arbiter circuit until the refresh cycle is completed. If a refresh request and
access to the V850/SA1 occur at the same time, the refresh cycle takes priority.

One L1682 (16 characters x 2 lines) LCD device is mounted.

Command status access uses byte access at address xx140000H, and data write uses byte access at
address xx140002H. When the LCD is accessed, 7 wait cycles are inserted by hardware.
Programmable waits are not required.
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4.1.4 Peripheral function connections
The V850/SA1’s internal peripheral functions control various switches, LEDs, and the DC motor unit.

Table 4-1. Peripheral Function Connections

CPU Unit Name Name of Connected Pin Name of Connected Unit
Port function P70 to P77 General-purpose toggle switches (x 8)
P34 to P37, P110to P113 | General-purpose LEDs (x 8)
ICU NMI NMI switch
INTPO INT switch
UART TXDO, RXDO Flash programmer interface
TXD1, RXD1 RS-232C interface
I’C SDA, SCL NM24C02LM"" (EEPROM, 2 KB)
Timer/counter TO2 DC motor speed control
TIOO DC motor rotary encoder pulse
RTP RTPO to RTP7 Speaker
A/D ANI8 Variable resistor (0 to 3 V)
ANI9 System power supply (+5 V) status monitor

Note The NM24C02LM’s slave address is fixed to 0 by hardware.

4.1.5 Allocation of external memory

The allocation of external memory connected to the V850/SA1’s bus interface (4 MB space) is shown below. For

details of accessing the V850/SA1’s various memory spaces, refer to 4.3.1 Memory map.

Figure 4-2. Bus Interface (4 MB Space)

3FFFFFH

DRAM (2 MB)
200000H
1FFFFFH

Not connected
140004H
140003H Note
140000H LCD 4MB
13FFFFH

SRAM (128 KB)
120000H
01FFFFH

PROM (128 KB)
000000H

Note For the LCD, only byte access of even-numbered addresses is valid.
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4.2 TB-V850/SA1 Specifications

Table 4-2. List of TB-V850/SA1 Specifications

Item Description
V850/SA1 Main clock = 16 MHz
Connect quartz resonator to pin X1 (leave pin X2 unconnected).
Subclock: 32.768 kHz
Connect quartz resonator to XT1 and XT2 pins.
EPROM Capacity: 128 KB
ROM usage: One 27C1024 or equivalent device
Wait cycles: 1-wait operation (when 16 MHz)
SRAM Capacity: 256 KB
SRAM usage: One uPD431016L
Wait cycles: 0-wait operation (when 16 MHz)
DRAM Capacity: 512 KB
DRAM usage: One uPD42S1616L
Wait cycles: 2-wait operation (controlled by hardware)
Up to six wait cycles may be inserted by hardware to avoid refresh cycle
conflicts.
LCD No. of characters: 16 characters x 2 lines

Model:
Wait cycles:

L1682
7 wait cycles (controlled by hardware)

Serial EEPROM

One NM24C02LM

Uses V850/SA1’s on-chip I°'C

Switches

Toggle switches: 8

Pushbutton switches: 3

NMI switch: 1
INT switch: 1
Reset switch: 1

LED

General-purpose lamps (red): 8
Power lamp (green): 1

DC motor

Model: DME33S37G18
Connect pulse generator output (12 pulses per rotation) to TIOO pin.

Analog output

Volume-adjusted voltage level is input to ANI8.
Voltage level: 0to 3V (variable)

Speaker

Connect RTP output via R-2R circuit for D/A conversion.

RS-232C interface

Uses V850/SA1’s on-chip UART1

Flash programmer interface

Uses V850/SA1’s on-chip UARTO
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4.3 Internal Register Settings

This section describes internal registers whose settings are determined by the TB-V850/SA1’s hardware

configuration. The values set to other registers are determined by the application program.

Application Program Examples.

4.3.1 Memory map

Refer to 4.4

The memory map shown in Figure 4-3 below is used in the TB-V850/SA1 for effective utilization of the V850/SA1’s

wait insertion function.

Figure 4-3. Memory Map

xxFFFFFFH
xxFFCO00H
xxFFBFFFH

xxD40004H
xxD40003H

xxD40000H
xxD3FFFFH

xxCOO000H
xxBFFFFFH

xxA00000H
xx9FFFFFH

xx420000H
xx41FFFFH

xx400000H
xx3FFFFFH

xx140000H
xx13FFFFH

xx120000H
xx11FFFFH

xx100000H
xxOFFFFFH

xx000000H

Internal RAM & on-chip 1/O

Not used

LCDNote
Programmable waits: Zero waits
(insertion of waits is controlled by hardware)
Inserted idle states: None

Not used

DRAM

Programmable waits: Zero waits
(insertion of waits is controlled by hardware)
Inserted idle states: None

Not used

PROM

Programmable waits: One wait
Inserted idle states: None

Not used

SRAM

Programmable waits: Zero waits
Inserted idle states: None

Not used

Internal ROM

Block 13

Blocks 10 and 11

Block 4

Block 1

Note Even addresses can be accessed in byte units
in the LCD area.
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4.3.2 Bus interface-related register settings

(1) Memory expansion mode register (MM) settings

MM| O 0 0 0 0 1 1 X

4 MB expansion

P95 and P96 are set to port mode

(2) Memory address output mode register (MAM) settings

7 6 5 4 3 2 1 0

MAM| 0 0 0 0 0 0 0 0

t Separate addresses are not used

(3) System control register (SYC) settings

7 6 5 4 3 2 1 0

SYC| O 0 0 0 0 0 0 0

I— DSTB, R/W, LBEN, and UBEN signal output

(4) Data wait control register (DWC) settings

151413121110 9 8 7 6 5 4 3 2 1 O

DWC|x|[x|0|0[0|O0O|x|x|x|x|O|1|[x|x|O]|O
L L 7 LI L I_\_I_
Blocks 0 and 1: 0 waits

Blocks 2 and 3: Don't care

Blocks 4 and 5: 0 waits

Blocks 6 to 9: Don’t care
Blocks 10 and 11: 0 waits
Blocks 12 and 13: 0 waits

Blocks 14 and 15: Don'’t care
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(5) Bus cycle control register (BCC) settings

151413121110 9 8 7 6 5 4 3 2 1

0
0

BCC[x|0|0|0[0|O|x|O|x[0O|0O|O|x]|0]|O

I— Blocks 0 and 1: Not inserted

Blocks 2 and 3: Don'’t care

Blocks 4 and 5: Not inserted

Blocks 6 to 9: Don’t care

Blocks 10 and 11: Not inserted

Blocks 12 and 13: Not inserted

Blocks 14 and 15: Don'’t care
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4.3.3 Port functions

The TB-V850/SA1’s port function settings are described below.
The V850/SA1’s usage of each port and the corresponding register settings are also shown below.

(1) Porto

(a) Usage of port 0

Port Name Pin(s) Used Remark
P00 NMI Interrupt occurs at both rising edge and falling edge
PO1 INTPO Interrupt occurs at rising edge
P02 Input port Status monitor for NMI switch
P03 Input port Status monitor for power supply monitor unit
P04 to PO7 Not used (leave open) Set to output mode

(b) Status of port 0 (P0) during read operation

1 0

PO X

X X

\— Status of NMI pin

Status of INTPO pin

“1” is input when NMI
switch has been pressed

“1”is input when
shutdown has occurred

(c) Port 0 mode register (PMO0) settings

PMO 0

L

Input mode (NMI pin)
Input mode (INTPO pin)

Input mode

Input mode

Output mode (leave open)
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(d) Pull-up resistor option register (PUO) settings

PUO 0 0 0 0 0 0 0 0

Do not connect

EGPO| O 0 0 0 0 0 1 1

[ I I I I ]

NMI interrupt occurs at rising edge

INTPO interrupt occurs at rising edge

Interrupt does not occur (not used)

(f) Falling edge enable register (EGNO) settings

EGNO| O 0 0 0 0 0 0 1

[ I I I I ]

NMI interrupt occurs at falling edge

INTPO interrupt does not occur at falling edge

Interrupt does not occur (not used)

(2) Port1

(a) Usage of port 1

Port Name Pin(s) Used Remark
P10 SDA P10 is set to 0 for output mode
P11 Not used (leave open) Set to output mode
P12 SCL P12 is set to 0 for output mode
P13 RXDO Set to input mode
P14 TXDO P14 is set to 0 for output mode
P15 Not used (leave open) Set to output mode
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(b) Port 1 (P1) settings

7 6 5 4 3 2 1 0

P1 0 0 X 0 X 0 X 0

I— “0” is output (uses SDA)

Don’t care (leave open)
“0” is input (uses SCL)
Don’t care (uses RXDO)
“0” is output (uses TXDO)

Don’t care (leave open)

(c) Port 1 mode register (PM1) settings

7 6 5 4 3 2 1 0

PM1 0 0 0 0 1 0 0 0

I— Output mode (uses SDA)

Output mode (leave open)
Output mode (uses SCL)
Input mode (uses RXDO)
Output mode (uses TXDO0)

Output mode (leave open)

(d) Pull-up resistor option register 1 (PU1) settings

PU1 0 0 0 0 0 0 0 0

Do not connect

(e) Port 1 function register (PF1) settings

PF1 0 0 0 0 0 0 0 0

Normal output
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(3) Port2

(a) Usage of port 2

Port Name Pin(s) Used Remark
P20 to P22, P25, P27 Not used (leave open) Set to output mode
P23 RXD1 Set to input mode
P24 TXDA1 P24 is set to 0 for output mode
P2 TO2 P26 is set to 0 for output mode

(b) Port 2 (P2) settings

P2 X

Don’t care (leave open)
Don’t care (uses RXD1)
“0” is output (uses TXD1)
Don’t care (leave open)
“0” is output (uses TO2)

Don'’t care (leave open)

(c) Port 2 mode register (PM2) settings

6 5 4 3 2 1 0

PM2 0

0 0 0 1 0 0 0

I_|_—, Output mode (leave open)

Input mode (uses RXD1)
Output mode (uses TXD1)
Output mode (leave open)
Output mode (uses TO2)

Output mode (leave open)

(d) Pull-up resistor option register 2 (PU2) settings

PU2

Do not connect
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(e) Port 2 function register (PF2) settings

PF2 0 0 0 0 0 0 0 0

Normal output

(4) Port3

(a) Usage of port 3

Port Name Pin(s) Used Remark
P30 TIO0 Set to input mode
P31 to P33 Not used (leave open) Set to output mode
P34 to P37 Output port LED output port

(b) Port 3 (P3) settings

P3 X X X X

[ [ [ ] [ ] L

Don’t care (uses TI00)

Don’t care (leave open)

“1” when LED is ON
“0” when LED is OFF

(c) Port 3 mode register (PM3) settings

7 6 5 4 3 2 1 0

PM3 | O 0 0 0 0 0 0 1

L Input mode (uses TI00)

Output mode (leave open)

Output mode (LED)

(d) Pull-up resistor option register 3 (PU3) settings

PU3 0 0 0 0 0 0 0 0

Do not connect
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(5) Port 4 and port 5

(a) Usage of port 4 and port 5
When external expansion mode has been specified via the memory expansion mode register (MM), the
settings for port 4 (P4), port 5 (P5), port 4 mode register (PM4), and port 5 mode register (PM5) all have
no significance.

Port Name Pin(s) Used Remark

P40 to P47, P50 to P57 ADO to AD15 External expansion mode is specified via MM register

(6) Porté6

(a) Usage of port 6
When 4 MB expansion mode has been specified via the memory expansion mode register (MM), the
settings for port 6 (P6) and port 6 mode register (PM6) have no significance.

Port Name Pin(s) Used Remark

P60 to P65 A16 to A21 4 MB expansion mode is specified via MM register

(7) Port7

(a) Usage of port 7

Port Name Pin(s) Used Remark

P70 to P77 Input port Switch input port

(b) Status when port 7 (P7) is read

P7 X X X X X X X X

[ “0” when switch is ON
“1” when switch is OFF
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(8) Ports

(a) Usage of port 8

Port Name Pin(s) Used Remark
P80 ANI8 Analog input using variable resistor
P81 ANI9 System power supply monitor
P82, P83 Not used
(Connect to AVss)

(b) Status of port 8 (P8) during read operation

7 6 5 4 3 2 1 0

P8 0 0 0 0 0 0 X X
[ J [

I
I Analog input; undefined

“0” during read opeartion

(9) Port9

(a) Usage of port 9
The settings for port 9 (P9) and the port 9 mode register (PM9) have no significance.

Port Name Pin(s) Used Remark
P90 LBEN Specified via MM register and SYC register
PO1 UBEN
P92 R/W
P93 DSTB
P94 ASTB
P95 HLDAK
P96 HLDRQ
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(10) Port10

(a) Usage of port 10

Port Name Pin(s) Used

Remark

P100 to P107 RTPO to RTP7

Set to 0 for output mode

(b) Port 10 (P10) setting

7 6 5 4 3 2 1 0
P1IO| O 0 0 0 0 0 0 0
[ [ [ [ [ [ ]
[ “0” is output (uses RTPO to RTP7)
(c) Port 10 mode register (PM10) settings
7 6 5 4 3 2 1 0
PM10 0 0 0 0 0 0 0 0

Output mode (uses RTPO to RTP7)

7 6 5 4 2 1 0
PU10 0 0 0 0 0 0 0
[ I I I I I ]
l Do not connect
(e) Port 10 function register (PF10) settings
7 6 5 4 2 1 0
PF10 0 0 0 0 0 0 0

Normal output
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(11) Port 11

(a) Usage of port 11

Port Name Pin(s) Used Remark

P110 to P113 Output port LED output port

P114 XT1 Fixed to input mode

(b) Port 11 (P11) settings

P11 0 0 0 X X X X X

I “1” when LED is ON

“0” when LED is OFF

Don’t care (uses XT1)

(c) Port 11 mode register (PM11) settings

7 6 5 4 3 2 1 0

PM11 0 0 0 1 0 0 0 0

Ii Output mode (LED)

(d) Pull-up resistor option register 11 (PU11) settings

PU11 0 0 0 0 0 0 0 0

; Do not connect
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(12) Port12

(a) Usage of port 12

Port Name Pin(s) Used Remark
P120 WAIT Specifies input port
(b) Port 12 (P12) settings
7 6 5 4 3 2 1 0
P12 0 0 0 0 0 0 0 X

L Don’t care (uses WAIT)

(c) Port 12 mode register (PM12) settings

2 1 0

PM12 ] O

0 0 1

L Input mode (uses WAIT)

(d) Port 12 mode control register (PMC12) settings

PMC12

WAIT pin

100
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4.4 Application Program Examples

Examples of programs that are run in the TB-V850/SA1 are shown below. These program examples are coded in
assembly language and C language (code in 4.4.10 and 4.4.11 are in assembly language only).

In the assembly language programs, it is assumed that the program is linked to the assembler’s initialization
program.

In the C language programs, it is assumed that the C startup module has been linked with C reset processing.

The clocks supplied to the CPU are the main clock (16 MHz) and subclock (32.768 kHz).

(1) Assembler’s initialization program

###### Reset interrupt processing.

.text
.section "RESET"
jr init
.text
H####H#######H#S Initializes the /O register #######H#H#H#H##H##
init:
mov 0x06, rll
st.b rll, MM [r0] -- Setting in memory expansion mode register
mov 0x00, rll
st.b rll, MAM [r0] - - Setting in memory address output mode register
mov 0x00, rll
st.b rll, SYC [r0] -- Setting in system control register
movea 0x10, r0, rll
st.h rll, DWC [r0] -- Setting in data wait control register
mov 0x00, rll
st.h rll, BCC[xO0] - - Setting in bus cycle control register
mov 0x0f, rll
st.b rll, PMO [r0] - - Setting in port 0 mode register
mov 0x00, rll
st.b rll, PUO [r0] - - Setting in pull-up resistor option register 0
mov 0x03, rll
st.b ril, EGPO [r0] -- Setting in rising edge enable register
mov 0x01, rll
st.b ril, EGNO [r0] - - Setting in falling edge enable register
mov 0x08, rll
st.b rll, PM1 [rO0] -- Setting in port 1 mode register
mov 0x00, rll
st.b rll, P1[r0] -- Setting in port 1 register
mov 0x00, rll
st.b rll, PUL [r0] -- Setting in pull-up resistor option register 1
mov 0x00, rll
st.b rll, PF1[x0] -- Setting in port 1 function register
mov 0x08, rll
st.b rll, PM2 [r0] - - Setting in port 2 mode register
mov 0x00, rll
st.b rll, P2 [r0] -- Setting in port 2 register
mov 0x00, rll
st.b rll, PU2 [r0] - - Setting in pull-up resistor option register 2
mov 0x00, rll
st.b rll, PF2 [r0] -- Setting in port 2 function register
mov 0x01, rll
st.b rll, PM3 [r0] -- Setting in port 3 mode register
mov 0x00, rll
st.b rll, P3 [r0] -- Setting in port 3 register
mov 0x00, rll
st.b rll, PU3 [x0] - - Setting in pull-up resistor option register 3
mov 0x00, rll
st.b rll, PM10 [x0] -- Setting in port 10 mode register
mov 0x00, rll
st.b rll, P10 [r0] -- Setting in port 10 register
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mov 0x00, rll

st.b rll, PU10 [r0]
mov 0x00, rll

st.b rll, PF10 [r0]
mov 0x10, rll

st.b rll, PM11 [rO0]
mov 0x00, rll

st.b rll, P11 [r0]
mov 0x00, rll

st.b rll, PU11 [rO0]
mov 0x01, rll

st.b rll, PM12 [rO0]
mov 0x01, rll

st.b rll, PMC12 [rO0]
stsr 5, rl2

mov rl2, rl3

or 0x20, rl3

mov 0x00, rll

ldsr rl3, 5

st.b r0, PRCMD [r0]
## Setting in processor control register
st.b rll, PCC[r0]
ldsr rl2, 5

nop

nop

nop

nop

nop

jr start

Setting in pull-up resistor option register 10
Setting in port 10 function register

Setting in port 11 mode register

Setting in port 11 register

Setting in pull-up resistor option register 11
Setting in port 12 mode register

Setting in port 12 mode control register

Write to PRCMD
CPU clock selected for fxx

Dummy instructions (5 instructions)
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(2) C startup module

H H H o H*

+

HHEHFEHHFHHFEHFHHHFEHHFHHHEHEFHHFHFEHHHHEFEHEHHEHFFEFEHFH A HFHFEHHHHFHFHFHFHHFHHFHHHFIF

Copyright (C) NEC Corporation 1994,1995,1996
All rights reserved by NEC Corporation. This program must be used solely
for the purpose for which it was furnished by NEC Corporation. No part
of this program may be reproduced or disclosed to others, in any form,
without the prior written permission of NEC Corporation.

@ (#) crtN850.s

1.13 96/05/31 17:10:34

NAME
crtN850.s -

DESCRIPTIONS:

start up module for ca850

This assembly program is a sample of start-up module for ca850.
If you modified this program, you must assemble this file, and
locate a given directory.

Unless -G is specified,

text

data

sdata

sbss

bss

sedata

sebss

tidata

sidata

tp->-

section

section

section

gp->-

section

section

Sp->-

section

section

ep->-
section

section

_____________________________ +
start up |
_____________________________ |
|

user program |

|

_____________________________ |
library |
_____________________________ +
0 |
_____________________________ |
#.L16 |
_____________________________ |
0x0, 0x0, 0x0, 0x0 |
_____________________________ +
|

|

|

_____________________________ +
|

|

|

_____________________________ +
stack area |

|

0x10000 bytes |
_____________________________ +
|

|

_____________________________ +
|

|

_____________________________ +
|

_____________________________ +
|

_____________________________ +
|

_____________________________ +
|

_____________________________ +

sections are located as the following.

__start __ tp TEXT

__argc

__argv

.L16

__ssbss

__stack ___esbss __sbss

__stack + STACKSIZE __ebss

__ssebss

__esebss

__ep DATA
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# _____________________________________________________________________________
# register mode
# _____________________________________________________________________________
.option reg mode 5 5
# _____________________________________________________________________________
# special symbols
# _____________________________________________________________________________
.extern __tp TEXT, 4
.extern __gp DATA, 4
.extern __ep DATA, 4
.extern __ ssbss, 4
.extern __esbss, 4
.extern __ sbss, 4
.extern __ebss, 4
.extern __ ssebss, 4
.extern __esebss, 4
# _____________________________________________________________________________
# C program main function
# _____________________________________________________________________________
.extern _main
# _____________________________________________________________________________
# for argv
# _____________________________________________________________________________
data
size argc, 4
align 4
___argc:
word 0
size argv, 4
__argv:
.word #.L16
.Ll6:
.byte 0
.byte 0
.byte 0
.byte 0
# _____________________________________________________________________________
# dummy data declaration for creating sbss section
# _____________________________________________________________________________
.sbss
.lcomm _ sbss dummy, 0, O
# _____________________________________________________________________________
# dummy data declaration for creating sebss section
# _____________________________________________________________________________
.sebss
.lcomm __ sebss_dummy, 0, 0
# _____________________________________________________________________________
# system stack
# _____________________________________________________________________________
.set STACKSIZE, 0x4000
.bss

.lcomm _ stack, STACKSIZE, 4
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H H H H H H HH

start up

pointers: tp -

gp -
sp -
ep -

mask reg: r20 -

r2l -

text pointer
global pointer
stack pointer
element pointer
0xff
Oxffff

exit status is set to rlo0

.option
movea
movea
andi

.option

mov
st.b
mov
st.b
mov
st.b
movea
st.h
mov
st.h
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov
st.b
mov

__start
_exit
__exit

# _tp TEXT, tp
# _gp DATA, gp

tp, g9p

-- set tp register
-- set gp register offset
-- set gp register

# stack+STACKSIZE, sp -- set sp register
# _ep DATA, ep

nowarning

oxff, r20
oxffff, r0, r21
oxffff, r21, r21
warning

0x06, rll
ril, MM [r0]
0x00, rll
ril, MAM [r0]
0x00, rll
rll, SYC[r0]
0x10, r0, rll
rll, DWC [r0]
0x00, rll
rll, BCC[r0]
0x0f, rll
ril, PMO [x0]
0x00, rll
ril, PUO [r0]
0x03, rll
ril, EGPO [r0]
0x01, rll
rll, EGNO [r0]
0x08, rll
rll, PM1 [rO0]
0x00, rll
rll, P1[r0]
0x00, rll
ril, PU1 [r0]
0x00, rll
ril, PF1[rO0]
0x08, rll
ril, PM2 [r0]
0x00, rll
rll, P2 [r0]
0x00, rll
rll, PU2 [r0]
0x00, rll
rll, PF2 [r0]
0x01, rll
ril, PM3 [r0]
0x00, rll
ril, P3[r0]
0x00, rll

-- set ep register

-- set mask register

-- set mask register

-- Setting in memory expansion mode register
-- Setting in memory address output mode register
-- Setting in system control register

-- Setting in data wait control register

- - Setting in bus cycle control register

-- Setting in port 0 mode register

-- Setting in pull-up resistor option register 0
-- Setting in rising edge enable register

- - Setting in falling edge enable register

-- Setting in port 1 mode register

-- Setting in port 1 register

-- Setting in pull-up resistor option register 1
-- Setting in port 1 function register

-- Setting in port 2 mode register

-- Setting in port 2 register

- - Setting in pull-up resistor option register 2
-- Setting in port 2 function register

-- Setting in port 3 mode register

-- Setting in port 3 register
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LL12:

L1l

.L15:

.L14:

.L18:

st.b rll, PU3 [r0]
mov 0x00, rll
st.b rll, PM10 [rO0]
mov 0x00, rll
st.b rll, P10 [rO0]
mov 0x00, rll
st.b rll, PU10 [r0]
mov 0x00, rll
st.b rll, PF10 [r0]
mov 0x10, rll
st.b rll, PM11 [rO0]
mov 0x00, rll
st.b rll, P11 [r0]
mov 0x00, rll
st.b rll, PU11 [rO0]
mov 0x01, rll
st.b rll, PM12 [r0]
mov 0x01, rll
st.b rll, PMC12 [r0]
stsr 5, rl2

mov rl2, rl3

or 0x20, rl3

mov 0x00, rll
ldsr rl3, 5

st.b r0, PRCMD [r0]
## Setting in processor control register
st.b rll, PCC[x0]
ldsr rl2, 5

nop

nop

nop

nop

nop

mov #_ _ssbss, rl3
mov # esbss, ril2
cmp rl2, rl3

jnl .L11

st.w ro, [r13]

add 4, rl3

cmp rl2, rl3

jl .L12

mov # sbss, rl3
mov #__ebss, rl2
cmp rl2, rl3

jnl .L14

st.w ro, [r13]

add 4, rl3

cmp rl2, rl3

j1 .L15

mov #__ssebss, rl3
mov # esebss, rl2
cmp rl2, rl3

jnl .L17

st.w r0, [r13]

add 4, rl3

cmp rl2, rl3

jl .L18

-- Setting in pull-up resistor option register 3
-- Setting in port 10 mode register

-- Setting in port 10 register

- - Setting in pull-up resistor option register 10
-- Setting in port 10 function register

-- Setting in port 11 mode register

-- Setting in port 11 register

- - Setting in pull-up resistor option register 11
-- Setting in port 12 mode register

-- Setting in port 12 mode control register

- - Write to PRCMD
-- CPU clock selected for fxx

-- Dummy instructions (5 instructions)

-- clear sbss section

-- clear bss section

-- clear sebss section
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__exit:

ld.w $__argc, r6 -- set argc
movea $__argv, gp, r7 -- set argv
jarl _main, 1lp -- call main function

halt -- end of program
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop

___startend:

(3) C-language reset processing

.text

.option reg mode 5 5

.extern __start
.section "RESET"
di

jr ___start
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4.41 External memory fill program
Fixed data (0x55) is written in byte units for the external SRAM area (0x120000 to 0x13FFFF).

(1) Flow chart

( S )

Set SRAM start address (0x120000)

Save byte data (0x55) to SRAM address

Increment SRAM address

No
End of SRAM address?

( Endless loop )
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(2) Assembly language program

.globl start
.text
.set sram_addr, 0x120000
.set sram_addr_end, 0x140000
.align 4
start:
movea sram_addr & O0xO00ffff, roO,
movhi sram_addr >> 16, rl0, rl0
movea 0x55, r0, rll
write loop:
st.b rll, 0[r10]
add 1, rl0
cmp sram_addr_end, rlo
bnz write loop
fv_loop:
br fv_loop

(3) C language program

#pragma ioreg

*/
void main(void)

{

char *p ;

p = (char *)0x120000 ;
for ( ; p <

*p = 0x55 ;
1

/* Endless loop */
for ( ; ;) {

}

(char *)0x140000 ; p++ ){

rl0

/*
/*

SRAM address
End of SRAM address

SRAM address
SRAM address
55 :=fill data
Write data

Increment write address
End of SRAM address?

Enable use of peripheral I/O register name */

SRAM address pointer */
SRAM address start pointer */

Loop until end of SRAM address */
Write to memory at 55 */
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4.4.2 Switch input and LED lamp activation
This program reads the status of Port 7 (toggle switch) and writes the read data to ports 3 and 11 (LED).

(1) Flow chart

o

Read value from PORT 7
(toggle switch input port)

Output read value to PORT 3 and PORT 11
(LED output port)

(2) Assembly language program

.globl start

.text
.align 4
start:
1d.b P7[ro0], rlo0 -- Read switch input port
mov rlo, rll -- r1:=r10
and 0x0f, rll -- Output lower 4 bits of
shl 4, rll -- port 7 to higher 4 bits of port 3
st.b rll, P3 [r0] -- LED ON
and 0xfo, rlo -- Output higher 4 bits of
shr 4, rlo0 -- port 7 to lower 4 bits of port 11
st.b rlo, P11 [r0] -- LED ON
br start

(3) C language program

#pragma ioreg /* Enable use of peripheral I/O register name */
/ K o e e e
*  MAIN processing
S
*/
void main(void)
{
char isw ; /* Switch input port */
char p3out ; /* Port 3’s output value */
char pllout ; /* Port 11’s output value */

/* Endless loop */
for ( ; ;) {
isw = P7 ; /* Read switch input port */
/* Lower 4 bits of ISW are shifted 4 bits to left and output to port 3 */
P3 = ( isw & Ox0f ) << 4 ;
/* Higher 4 bits of ISW are shifted 4 bits to right and output to port 11 */
P11l = ( isw & Oxf0 ) >> 4 ;
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4.4.3 Activation of LED lamp by timer interrupt

The LED lamp is incremented and activated (lit) when a timer interrupt occurs. The timer interrupt interval is set

as 10 ms.

(1) Flow chart

(s )

Set prescaler mode register 0

Set compare register

Set interrupt control register (TMIC00)

Set timer mode control register 0

Zero-clear LED output data

Enable interrupts

C Endless loop )

( INTTMOO )

Output LED output data to PORT 3 and PORT 11

Increment LED output data

No

LED output data = 0x100?

LED output data « 0

( )

Selects count clock

Timer interrupt occurs at 0.01 s

INTTMOO interrupt is enabled

Clear and start when
TMO and CR0OO match

LED display
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(2) Assembly language program

112

.globl start

## Set interrupt handler
.section "INTTMOO"

jr _int tmo0O

.text
.align 4

start:
mov 0x01, rlo0
## Count clock = fxx/16 (1 MHz: fxx = 16 MHz)
st.b rlo, PRMO [rO0]
movea 0x2710, r0, rl0
st.h rlo, CROO [r0]
mov 0x07, rl0
st.b rlo, TMICOO [r0]
mov 0x0c, rl0
## Clear and start when TMO and CROO match
st.b rlo, TMCO [r0]
mov r0, rl0
el

fv_loop:
br fv_loop

_int tm0O:
mov rlo, rll
mov rlo0, rl2
and 0x0f, rll
shl 4, rll
st.b rll, P3[r0]
and oxfo, rl2
shr 4, rl2
st.b rl2, P11 [r0]
add 1, rl0
cmp 0x100, rl0
bnz _int_tmO00_noto0
mov r0, rl0

_int_tm00_notO0:

reti

INTTMOO interrupt handler
Go to interrupt processing

Set prescaler mode register 0
1 MHz*0x2710 = 0.01 sec
Set compare register

INTTMOO interrupt is enabled

Set timer mode control register 0
Initialize display data

Endless loop
r11=r10
r12=r10

Output lower 4 bits of

display data to higher 4 bits of port 3
LED ON

Output higher 4 bits of

display data to lower 4 bits of port 11
LED ON

Increment r10 (once)

After r10 reaches 0x100,

return 0 to r10

Recovery from interrupt routine
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(3) C language program
#pragma ioreg /* Enable use of peripheral I/O register name */
/* _________________________________________________________
*  Global variable
S
*/
int dsp data ; /* LED display data */
/* _________________________________________________________
*  MAIN processing
S
*/
void main(void)
{
PRMO = 0x01 ; /* Count clock := fxx/16 (1 MHz: fxx = 16 MHz) */
/* Compare register settings */
CROO = 0x2710 ; /* 1 MHz*0x2710 = 0.01 sec */
TMICO00 = 0x07 ; /* Enables INTMOO interrupt */
/* Timer mode control register settings */
TMCO = 0xO0c ; /* Clear and start when TMO and CROO match */
dsp data = 0 ; /* Initialize display data */
__EI(); /* Enable interrupts */
/* Endless loop */
for ( ; ;) {
}
}
/* _________________________________________________________
*  Timer 4 interrupt function
e
*/

#pragma interrupt INTTMOO _int_ tm00
void _int tm00 (void)

{

/* Lower 4 bits of data are shifted 4 bits to left and output to port 3 */
P3 = ( dsp_data & 0x0f ) << 4 ;

/* Higher 4 bits of data are shifted 4 bits to right and output to port 11 */
P11 = ( dsp_data & 0xf0 ) >> 4 ;

/* Increment if dsp_data reaches Oxfe or below, otherwise return to zero */
if ( dsp_data < Oxfe ) {
dsp_data++ ;
telse{
dsp_data = 0 ;
}
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4.4.4 Analog input sampling and DC motor speed control
The A/D function reads variable resistance values. The read data is set to timer 2’s compare register. Timer 2 is
operated as a PWM output, so it is used to control the motor’s speed.

(1) Flow chart

( Start )

Set timer clock select register 2 Count clock = fxx/512 (31.25 kHz)
Set compare register Sets initial value for CR20
Set timer mode control register 2 Starts count operation

Set analog input channel specification register

Set A/D converter mode register

Set interrupt control register (ADIC) Enables A/D interrupts

Set interrupt control register (TMIC2) Enables timer 2 interrupts

Enable interrupts

Specifies ANI8 as analog input
channel

Enables software trigger and
conversion operation

Endless loop
( INTAD )
Sets A/D conversion results as timer
CR20 < ADCRH 2's interrupt interval

|
( reti

( INTTM2 )
( )
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(2) Assembly language program

.globl start

## Set interrupt handler

.section "INTAD" -- INTAD interrupt handler
jr _int_ad -- Go to interrupt processing
.section "INTTM2" -- INTTM2 interrupt handler
jr _int_tm2 -- Go to interrupt processing
.text
.align 4
start:
mov 0x07, rl0
## Count clock = fxx/512 (31.25 kHz)
st.b rlo, TCL2 [r0] -- Sets timer clock select register 2
movea oxff, r0, rlo0
st.b rlo, CR20 [r0] -- Sets compare register (initial value)
movea 0xC3, r0, rl0
## Start count operation, enable timer output, PWM mode
st.b rlo, TMC2 [r0] -- Sets timer mode control register 2
mov 0x08, rl0
st.b rlo, ADS [r0] - - Specifies ANI8 as analog input channel
movea 0x88, r0, rlo0
st.b rlo, ADM [r0] -- Enables software trigger and conversion operation
mov 0x07, rl0
st.b rlo, ADIC[r0] -- Enables A/D interrupts
mov 0x07, rl0
st.b rlo, TMIC2 [r0] -- Enables timer 2 interrupts
el
fv_loop:
br fv_loop -- Endless loop
_int ad: -- Interrupt processing upon completion of A/D conversion
1d.b ADCRH [r0], rlo -- Reads analog input value
st.b rlo, CR20 [r0] -- Sets timer 2’s interrupt interval
reti -- Recovers from interrupt routine
_int tm2: -- Timer 2 interrupt processing
reti -- Recovers from interrupt routine
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(3) C language program

#pragma ioreg /* Enable use of peripheral I/O register name */
/* _________________________________________________________
*  MAIN processing
S
*/
void main(void)
{
/* Set timer clock select register */
TCL2 = 0x07 ; /* Count clock = fxx/512 (31.25 kHz) */
CR20 = Oxff ; /* Sets compare register (initial value) */
/* Sets timer clock control register */
TMC2 = 0xc3 ; /* Start count operation, enable timer output, PWM mode */
ADS = 0x08 ; /* Specifies ANI8 as analog input channel */
ADM = 0x88 ; /* Enables software trigger and conversion operation */
ADIC = 0x07 ; /* Enables A/D interrupts */
TMIC2 = 0x07 ; /* Enables timer 2 interrupts */
__EI(); /* Enables interrupts */
/* Endless loop */
for ( ; ;) {
}
1
/* _________________________________________________________

*/
#pragma interrupt INTAD _int_ad
void _int ad(void)

{
/* Reads analog input value and sets it as timer 2’s interrupt interval */
CR20 = ADCRH ;

}

/ K o el

*/
#pragma interrupt INTTM2 _int tm2
void _int tm2 (void)

{
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4.4.5 Sine wave output with D/A using RTP

INTTM4 is specified as the real-time output port’s output trigger.

Sine wave data is provided as preset data in an assembly language data file. In C language, the sinf() function is
used to create a table.

The sine wave’s frequency is set as 520 Hz in assembly language and as 200 Hz in C language. The D/A
function produces analog values from the data output via the real-time output port, and these analog values are then
output as sound via the speaker.
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(1) Flow chart (assembly language)

( S )

Set compare register

Set timer clock select register 4

Set timer mode control register 4

Set interrupt control register (TMIC4)

Set real-time output port mode register

Output initial value to P10

Set real-time output port mode register

Set real-time output port mode control register

Set same initial value as output latch to real-time output buffer

Enable operation of real-time output port

Enable interrupts

Set output table start address to work register

C Endless loop )
C INTTM4 )

Starts count operation

Enables timer 4 interrupt
processing

Sets port mode

Sets real-time output port mode

Sets INTTM4 as trigger
(8 bits, 1 channel)

Fetch sine wave data from data table

Table is divided into 80 equal sections, from 0 to /2
Therefore, by dividing between 0 and n/2, ©/2 and &, © and 3/2n,
and 3/2rn and 2r, output table values are converted to generate

sine wave values

Set fetched data to real-time output buffer register

Increment data table pointer

D

118

Application Note U13851EJ2VOAN




CHAPTER 4 APPLICATION EXAMPLES

(2) Assembly language program

<Registers used>

#

# r6
# rlo
# ril
# rl2
# rl3
#

r21l,r22,r23

.globl start

: Register used to save r1

: Used for main processing operations

: Real-time output value
_sin_tb address
: AX (Ax range: 0 to 319)

: Used for timer interrupt processing operations

## Set interrupt handler
.section "INTTM4"

jr _int tm4

.text
.align 4

start:
## Settimer4
## 4 MHz/(24*320) = 520 Hz sound output
movea 24, r0, rlo0
st.b rlo, CR40 [rO0]
mov 2, rl0
## fxx/4 (select 4 MHz)
st.b rlo, TCL4 [r0]
movea 0x80, r0, rl0
st.b rlo, TMC4 [r0]
mov 0x07, rl0
st.b rlo, TMIC4 [rO0]
## Sets real-time output
st.b r0, RTPM[rO0]
st.b ro, P10 [rO0]
movea oxff, r0, rl0
st.b rlo, RTPM [r0]
movea 0x20, r0, rlo0
st.b rlo, RTPC [r0]
st.b ro, RTBL [r0]
setl 7, RTPC [r0]
el

init reg:
movhi hil(#_sin tb), r0, rl2
movea lo(# sin tb), ril2, ril2
mov r0, rl3

fv_loop:
br fv_loop

_int tm4:
mov rl, r6

tm4_ chk dx:
movea 0x50, r0, r2l
cmp r21, rl3
bp tm4_chk ulé60

tm4 u80:
mov rl2, r2l
add rl3, r2l
1d.b 0[r21], rll
br tm4_ out

tm4_chk ulé60:
movea 0xA0, xr0, r2l
cmp r2l, rl3
bp tm4 chk u240

INTTM4 interrupt handler
Go to interrupt processing

Sets compare register

Sets timer clock select register 4
Starts count operation
Enables timer 4 interrupt processing

Sets port mode
Sets initial value to output latch

Sets real-time output port mode

Triggers INTTM4

8 bits, 1 channel

Sets same initial value as

output latch to real-time output buffer
Enable operation of real-time output port
Enable interrupts

r12 := _sin_tb address

Endless loop

Saves 1

r21 := 0x50 (80)
Ifr13 >= 80
Jump

r21 := _sin_tb address
r21 := _sin_tb address + Ax
r11 := real-time output value

r21 := OxA0 (160)
Ifr13 >= 160
Jump
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tm4 uléO:
mov rl2, r2l -- r21:=_sin_tb address
movea 0x9F, 1r0, 1r22 -- 122 := 0x9F (159)
add r22, r2l -- r21=r21 + 159
sub rl3, r2l -- r21 =r21 - Ax
1d.b 0[r21], rll -- r11 := real-time output value
br tm4_ out
tm4_chk u240:
movea 0xFO, 1r0, «r21 -- r21 := 0xFO (240)
cmp r21, ril3 -- Ifr13>=240
bp tm4 _u320 -- Jump
tm4_u240:
mov ri2, r21l -- r21:=_sin_tb address
add rl3, r2l -- r21 =r21 + Ax
movea 0xAO, 1r0, 1r22 -- r22 := 0xA0 (160)
sub r22, r2l -- r21=r21-160
1d.b 0[r21], r22 -- Load from memory
and oxff, r22
movea 0xFF, 1r0, rll -- Real-time output value
sub r22, rll -- Decrement table value from 0x80
br tm4_out
tm4_u320:
mov ri2, r21l -- r21:=_sin_tb address
movea 0x13F, r0, 1r22 -- r22 = 0x13F (320)
add r22, r2l -- r21 =r21 + 319
sub rl3, r2l -- r21 =r21 - Ax
1d.b 0[r21], r22 -- Load from memory
and oxff, r22
movea 0xFF, 1r0, rll -- Real-time output value
sub r22, rll -- Decrement table value from 0x80
br tm4_ out
tm4_out:
st.b rll, RTBH [r0] -- Set output value to real-time output buffer register
tm4_inc dx:
add 1, rl3 -- Increment Ax
movea 0x140, r0, 1r21 -- r21 := 0x140 (320)
cmp rl3, r2l -- If Ax doesn’t reach 320
bnz tmé4_exit -- Jump
tm4_dx eq0:
mov ro, rl3 -- Return Ax to zero
tm4_exit:
mov r6, rl -- Recovery of r1
reti
_sin tb: -- Sine wave table

## sin(x)*0x80 x = 0 to m/2 [ step=(m/2)/80 ]
.byte 128,130,133,135,138,140,143,145
.byte 148,150,152,155,157,160,162,165
.byte 167,169,172,174,176,179,181,183
.byte 186,188,190,192,194,197,199,201
.byte 203,205,207,209,211,213,214,216
.byte 218,220,221,223,225,226,228,230
.byte 231,233,234,235,237,238,239,240
.byte 242,243,244 ,245,246,247,248,248
.byte 249,250,251,251,252,253,253,254
.byte 254,254 ,255,255,255,255,255,255

120 Application Note U13851EJ2VOAN



CHAPTER 4 APPLICATION EXAMPLES

(3) Flow chart (C language)

( S )

Create table using sinf() function

Set compare register

Set timer clock select register 4

Set timer mode control register 4

Set interrupt control register (TMIC4)

Set real-time output port mode register

Outputs initial value to P10

Set real-time output port mode register

Set real-time output port control register

Set same initial value as output latch to real-time output buffer

Enable operation of real-time output port

Enable interrupts

( Endless loop )
C INTTM4 )

Starts count operation

Enables timer 4 interrupt
processing

Sets port mode

Sets real-time output port mode

Sets INTTM4 as trigger
(8 bits, 1 channel)

Fetch sine wave data from data table

e Since table is created by sinf() function when started,
1 cycle (0 to 2r) is divided into 320 equal parts

Set fetched data to real-time output buffer register

Increment data table pointer

D
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(4) Clanguage program

#include <math.h>
#include <float.h>

#pragma ioreg /* Enable use of peripheral I/O register name */
int st ; /* Step interval */
int sin buf [320] ; /* Output value array */
/ K o Mmoo
*  Global variable initialization processing
K o o e e e e e e e e
*/
void sta_init ()
{
double pai ; /* T */
int data ;
int st0 ;

/* Initialize st variable =*/
st = 0 ;

/* Initialize sing_buf[] variable */
pai = 3.14159 ;
for ( st0 = 0 ; st0 < 320 ; stO++ )
/* Create table for 320 units of sine wave data */
data = ( int ) ( sinf( ( pai * 2 * st0 ) / 320 ) * 0x80 ) ;
data += 0x80;
if ( data == 0x80 *2 ) {
data = Oxff ;

}
sin buf [st0] = data ; /* Set data to table */
}
}
/* _________________________________________________________
*  MAIN processing
S
*/
void main (void)
{
sta_init(); /* Initializes static variable */

/* Set timer 4
4 MHz/(62*320) = 200 Hz sound output */

CR40 = 62 ; /* Sets compare register */

/* fxx/4 (select 4 MHz) */

TCL4 = 2 ; /* Sets timer clock select register 4 */
TMC4 = 0x80 ; /* Starts count operation */

TMIC4 = 0x07 ; /* Enables timer 4 interrupt processing */
/* Sets real-time output */

RTPM = 0 ; /* Sets port mode */

P10 = 0 ; /* Sets initial value to output latch */
RTPM = Oxff ; /* Sets real-time output port mode */
RTPC = 0x20 ; /* Triggers INTTM4 =/

/* 8 bits, 1 channel */

RTBL = 0 ; /* Sets same initial value as output latch to */
/* real-time output buffer register */

RTPC.7 = 1 ; /* Enable operation of real-time output port */

__EI() ; /* Enable interrupts */

/* Endless loop */
for ( ; ;) |

}
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*/
#pragma interrupt INTTM4 _int tm4
void _int_ tm4 (void)

{
RTBH = sin buf [st] ;
st++ ;
if ( st == 320 ) {
st = 0 ;
1

}

/* Set output value to real-time output buffer register */

/* Increment step

*/

/* If step reaches 320 */

/* Return to zero
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4.4.6 DMA transfer (between UART and internal RAM), program 1

Two channels are used for DMA transfers. One channel is transferred from the internal RAM to the UART
transmit register as the transfer trigger source for INST1 and the other channel is transferred from the UART receive
register to the internal RAM as the transfer trigger source for INTSR1. The UART is operated with a loopback setting
that enables the transmit data to be received without modification.

(1) Flow chart

( X )

Increment RAM contents at transmit source and fill with data

Zero-fill RAM contents at transmit destination

UART settings No parity, 8 bits, 1 stop bit
e Set asynchronous serial interface register 1 Baud rate: 9600
¢ Set baud rate generator control register 1 Receive interrupt enabled,
9 9 transmit interrupt enabled
¢ Set baud rate generator mode control register 1

DMA settings DMA1

o Set DMA peripheral address register 1 Internal RAM .e‘UART transmit register
No. of transmissions: OxFF

* Set DMA peripheral address register 2 Uses INNTST1 as transmit trigger source

e Set DMA internal RAM address register 1
e Set DMA internal RAM address register 2
e Set DMA byte count register 1
o Set DMA byte count register 2

DMA2

UART receive register — internal RAM
No. of transmissions: OxFF

e Set DMA channel control register 1 Uses INTSTR1 as transmit trigger source
e Set DMA channel control register 2

Write one byte to transmit shift register

Enable interrupts

( Endless loop )

( INTSTH ) ( INTSR1

( ) (
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(2) Assembly language program

.globl start

## Set interrupt handler

.section "INTST1" -- INST1 interrupt handler
jr _int stl -- Go to interrupt processing
.section "INTSR1" -- INTSTR1 interrupt handler
jr _int sril -- Go to interrupt processing
.text
.align 4
start:
## Increments RAM contents at transmit source and fills with data
movea 0xe000, r0o, rll -- 0xffffe000 := address where UART transmit data is stored
mov 0, rl2 - - Initial value of transmit data
ram_inc:
st.b ri2, 0[r1i1] -- Stores transmit data
add 1, rll -- Increments address where transmit data is stored
add 1, rl2 -- Increments transmit data
cmp 0x100, rl2
bnz ram_inc -- Loops until r12 reaches 0x100
## Zero-fills RAM contents at transmit destination
movea 0xel00, r0, rll -- 0xffffe100 := address where UART receive data is stored
mov ro, rl2 -- r12 =loop counter
ram O:
st.b r0, 0[ri1] -- Sets “0” to receive destination address
add 1, rll -- Increments address where receive data is stored
add 1, rl2 -- Increments loop counter
cmp 0x100, rl2
bnz ram 0 -- Loops until r12 reach 0x100
## UART settings
movea 0xc8, r0, rl0
st.b rlo, ASIM1 [r0] -- No parity, 8 bits, one stop bit
movea 0xdo, r0, rlo0
st.b rlo, BRGC1 [r0] -- Baud rate := 9600
mov 0x03, rl0
st.b rlo, BRGMC1 [r0] -- Baud rate := 9600
mov 0x07, rl0
st.b rlo, SRIC1 -- Enables receive interrupt
st.b rlo, STIC1 -- Enables transmit interrupt
## DMA settings
movea 0x0316, r0, rlo0
st.h rlo, DIOAL [r0] -- Address of transmit register
movea 0x0318, r0, rl0
st.h rlo, DIOA2 [r0] -- Address of receive register
mov 0x0000, rl0
st.h rlo, DRA1 [r0] -- Address of internal RAM (transmit source)
movea 0x0100, r0, rl0
st.h rlo, DRA2 [r0] -- Address of internal RAM (transmit destination)
movea oxff, r0, rlo0
st.b rlo, DBC1 [r0] -- Sets DMA byte count register 1
movea oxff, r0, rlo0
st.b rlo, DBC2 [r0] -- Sets DMA byte count register 2
mov 0x09, rlo
st.b rlo, DCHC1 [r0] -- DMAT’s transmit trigger source := INTST1, transfer enabled
mov 0x05, rl0
st.b rlo, DCHC2 [r0] -- DMAZ2’s transmit trigger source := INTSR1, transfer enabled
## Write one byte to transmit shift register
st.b r0, TXS1[r0]
el
fv_loop:
br fv_loop -- Endless loop
_int stl: - - Interrupt processing upon completion of transmission
reti -- Recovers from interrupt routine
_int srl: -- Interrupt processing upon completion of reception
reti -- Recovers from interrupt routine
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(3) C language program

#pragma ioreg /* Enables use of peripheral I/O register name */

*/
void main(void)

char *p ;
int i ;

/* Increments RAM contents at transmit source and fills with data, p = address where UART transmit data is stored */

for ( p = (char *)0xffffe000, i = 0 ; p < (char *)0xffffel00 ; p++, i++ ) {
*p o= 1 ; /* Stores transmit data */
}

/* Zero-fills RAM contents at transmit destination, p = address where UART receive data is stored */

for ( p = (char *)0xffffel00 ; p < (char *)O0xffffe200 ; p++ ) {
*p = 0 ; /* Sets “0” to receive destination address */
1
/* UART settings */
ASIM1 = 0xc8 ; /* No parity, 8 bits, one stop bit */
BRGC1 = 0xdO ; /* Baud rate := 9600 */
BRGMC1 = 0x03 ; /* Baud rate := 9600 */
SRIC1 = 0x07 ; /* Enables receive interrupt */
STIC1 = 0x07 ; /* Enables transmit interrupt */

/* DMA settings */

DIOAl = 0x0316 ; /* Address of transmit register */
DIOA2 = 0x0318 ; /* Address of receive register */
DRA1 = 0x0000 ; /* Address of internal RAM (transmit source) */
DRA2 = 0x0100 ; /* Address of internal RAM (transmit destination) */
DBC1 = Oxff ; /* Sets DMA byte count register 1 */
DBC2 = Oxff ; /* Sets DMA byte count register 2+ /
DCHC1 = 0x09 ; /* DMAT’s transmit trigger source := INTST1, */
/* transfer enabled */
DCHC2 = 0x05 ; /* DMAZ2’s transmit trigger source := INTSR1, */

/* transfer enabled */

/* Write one byte to transmit shift register */
TXS1 = 0 ;

__EI(); /* Enables interrupts */
/* Endless loop */
for ( ; ;) {

*/
#pragma interrupt INTST1 _int stl
void _int stl(void)

*  Interrupt processing upon completion of reception

*/
#pragma interrupt INTSR1 _int srl
void _int sril(void)

{
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4.4.7 DMA transfer (A/D — internal RAM), program 2
This program stores the variable resistance value to internal RAM using INTAD as the DMA transfer trigger
source.

(1) Flow chart

( oo )

Zero-clear RAM at DMA transfer destination

A/D settings Specifies ANI8 as analog input channel
e Set analog input channel specification register Stops conversion operation, software start,
e Set A/D converter mode register conversion time (27 us)

DMA settings DMA transfer source: ADCRH register
¢ Set DMA peripheral I/O address register 0 DMA transfer destination: internal RAM (0xFFC000)
o Set DMA on-chip RAM address register 0 No. of transmissions: OxFF
« Set DMA byte count register 0 Internal RAM address’s count direction: increment
¢ Set DMA channel control register 0 DMA trigger source: INTAD

Enable DMA transfers

Enable A/D conversion operation

Interrupt control register (DMAICO) settings | Enables DMA interrupts

Interrupt control register (ADIC) settings Enables A/D interrupts

Enable interrupts

C Endless loop )

INTAD ) ( INTDMAO

reti reti

Application Note U13851EJ2VOAN 127



CHAPTER 4 APPLICATION EXAMPLES

(2) Assembly language program

.globl start
.set ram_addr, 0xf£££e000 -- DMA transfer destination RAM address
.set ram_addr _end, Oxffffel00 -- End of DMA transfer source RAM address

## Set interrupt handler

.section "INTAD" -- INTAD interrupt handler
jr _int_ad -- Go to interrupt processing
.section "INTDMAO" -- INTDMAQO interrupt handler
jr _int dmao -- Go to interrupt processing
.text
.align 4
start:

## Zero-clear DMA transfer destination RAM
movea  ram addr & O0x0000ffff, r0, rll -- r11:= DMA transfer destination RAM address
ram_init_set:

st.b ro, 0[r1i1] -- Sets “0” to DMA transfer destination RAM address
add 1, rll -- Increments DMA transfer destination RAM address
cmp ram_addr end, rll

bnz ram_init set -- Loop if not end of DMA transfer destination RAM address
## A/D settings

mov 0x08, rl0

st.b rlo, ADS [r0] - - Specifies ANI8 as analog input channel

mov 0x01, rl0

## Stop conversion operation, software start, conversion time (27 us)

st.b rlo, ADM [r0] -- A/D converter mode register settings

## DMA settings

movea 0x03ce6, r0, rlo0

## Set DMA transfer source to ADCRH register

st.h rlo, DIOAO [r0] -- Sets DMA peripheral I/0 address register 0

## Sets DMA transfer destination to internal RAM (address: OxFFE000)

st.h r0, DRAO [r0] -- DMA on-chip address register 0 settings

movea oxff, r0, rlo0

st.b rlo, DBCO [r0] -- DMA byte count register 0 settings

movea 0x14, r0, rl0

## Count direction for internal RAM address: increment, DMA trigger source: INTAD,
## transfer direction: peripheral I/0 — internal RAM
## 8-bit transfers and DMA transfers prohibited

st.b rlo, DCHCO [r0] -- DMA channel control register 0 settings
setl 0, DCHCO [r0] -- Enables DMA transfers
setl 7, ADM [r0] -- Enables conversion operation
mov 0x07, rl0
st.b rlo, DMAICO [r0] -- Enables interrupt at end of DMA transfer
st.b rlo, ADIC[r0] -- Enable interrupt at end of A/D conversion
el
fv_loop:
br fv_loop
_int ad: -- Interrupt processing at end of A/D conversion
reti -- Recover from interrupt processing routine
_int dmao: -- Interrupt processing at end of DMA transfer
reti -- Recover from interrupt processing routine
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(3) C language program

#pragma ioreg /* Enables use of peripheral I/O register name */
/ K e
*  MAIN processing
e
*/
void main (void)
{
char *p ;
/* Zero-clears RAM at DMA transfer destination, p = RAM address at DMA transfer destination */
for ( p = (char *)0xffffe000 ; p < (char *)0xffffel00 ; p++ ) {
*p =0 ;
}
/* A/D settings */
ADS = 0x08 ; /* Sets ANI8 as analog input channel */
/* A/D converter mode register settings */
ADM = 0x01 ; /* Stop conversion operation, software start, */
/* conversion time (27 us) */
/* DMA settings */
/* Set address of DMA peripheral I/O register */
DIOAO = 0x03cé ; /* Sets DMA transfer source to ADCRH register */
/* Set DMA internal RAM address register */
DRAO = 0 ; /* Sets DMA transfer destination to */
/* Internal RAM (address: OxFFEQQOQ) */
DBCO = Oxff ; /* DMA byte count register 0 settings */
/* DMA channel control register settings */
DCHCO = 0x14 ; /* Count direction for internal RAM address: increment, */
/* DMA trigger source: INTAD, =*/
/* transfer direction: peripheral I/O — internal RAM =/
/* 8-bit transfer, DMA transfer prohibited */
DCHC0.0 = 1 ; /* DMA transfer enabled */
ADM. 7 =1 ; /* Conversion operation enabled */
DMAICO = 0x07 ; /* Enables interrupt at end of DMA transfer */
ADIC = 0x07 ; /* Enables interrupt at end of A/D conversion */
__EI(); /* Interrupts enabled =/
/* Endless loop */
for ( ; ;) {
}
1
/ K el mmm—m

* Interrupt processing at end of A/D conversion

*/
#pragma interrupt INTAD _int_ad
void _int ad(void)

*  Interrupt processing at end of DMAO

*/
#pragma interrupt INTDMAO _int_ dma0
void _int dmaoO (void)
{
}
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4.4.8 Switching to subclock operation and watch display program

This program selects the subsystem clock as the CPU’s clock. The subclock is also selected as the watch timer’s
count clock. The watch data is incremented when a watch timer interrupt occurs. In fact, incrementation is displayed
on the LCD when a timer 0 interrupt occurs.

(1) Flow chart

( o )

Timer O settings Interrupts occur every 0.01 seconds

Enable interrupts

Initialize LCD Uses timer 0 interrupt to initialize

Watch timer mode control register settings

Processor clock control register settings CPU

( Endless loop )

Starts watch timer, enables operation,
and selects subclock as count clock

C INT|WT ) ( INTTMOO )

Increment on-chip counter

Format on-chip counter as watch
and store in buffer

Display flag = ON?

| Display one character of watch data

Display flag = ON

( )

8 characters displayed?

Display flag = OFF

.
|

( )
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(2) Assembly language program

Watch display data (xx:xx:xx) (8 bytes)

No. of columns in watch display data (1 byte)
1-second display flag (1 byte)

Watch data (4 bytes)

Watch LCD display status flag (displays “1”)
Timer 0 counter (4 bytes)

End address of work conversion area

LCD address

INTWT interrupt handler

Go to interrupt processing
INTTMOO interrupt handler
Go to interrupt processing

r11 := start address of working memory

r12 := end address of working variable area
Sets 0 for working variable

Increments address to zero-clear

Loop if not end address of address to zero-clear
r11 := start address of working memory

For time data:

.’ = Set Ox3A
= Set Ox3A

ri1:=1
Prescaler mode register 0 settings

Timer output control register 0 settings
r11:1 MHz*0x64 = 0.1 ms

Capture/compare control register 0 settings

Timer mode control register 0 settings

Enables timer interrupts (level 7)

r11 := LCD address

r12 := timer 0 count address

# <Registers used>
# r6 : Register for saving r1 value
# rll,rl2,rl3,rl4,rl5: Register for main processing
# rle,rl7,rl8,r19,r20: Register for timer 0 interrupt processing
# r21,r22,r23,r24,r25: Register for watch timer interrupt processing
#  r26,r27,r28,r29 : bf_chk routine work register
.globl start
.set tm_buf, 0x120000
.set col ctr, 0x120008
.set flg wt, 0x120009
.set wt_num, 0x120010
.set disp_flg, 0x120014
.set tm0_num, 0x120018
.set mem_last, 0x12001d
.set lcd _addr, 0x140000
## Set interrupt handler
.section "INTWT"
jr _int wt
.section "INTTMOO"
jr _int tmo0O
.text
.align 4
start:
mem_init:
movhi hil(tm_buf), r0, rll
movea lo(tm_buf), rll, riil
movhi hil(mem_ last), r0, rl2
movea lo(mem last), rl2, rl2
mem_init lp:
st.b ro, 0[r11]
addi 1, rll, rll
cmp rll, rl2
bnz mem_init 1lp
ins_3a:
movhi hil(tm_buf), r0, rll
movea lo(tm_buf), rll, riil
movea 0x3a, r0, rl3
st.b rl3, 2[r11]
st.b rl3, 5[rll]
init_tmo0:
movea 0x01, r0, rll
-- fxx/16 (fxx = 16 MHz) = Specify 1 MHz for count clock
st.b rll, PRMO [rO0]
st.b ro, TOCO [r0]
movea 0x64, roO0, rll
-- Set 0.1 ms as interrupt interval
st.h rll, CROO [r0]
-- Operate CRO0 as compare register
st.b r0, CRCO [r0]
mov 0x0c, rll
-- Clear and start when TM0 and CR0O0 match
st.b rll, TMCO [r0]
mov 0x07, rll
st.b rll, TMICO0O0 [rO0]
el
init lecd:
movhi hil(lecd_addr), r0, rll
movea lo(lcd addr), rill, rill
movhi hil(tm0_num), r0, ril2
movea lo(tm0_num), rl2, ril2
movea 0x30, r0, rl3

r13 := 0x30
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wait_1:

wait 2:

init_wt:

st.b rl3, 0[r11]
st.w r0, 0[r12]
movea 0x29, ro, rl3
1d.w 0[r12], rld
cmp rl4, rl3

bp wait 1

st.b rl3, 0[rll]
st.w ro, 0[r12]
movea 0x2, r0, rl3
1d.w 0[r12], rld
cmp rl4, rl3

bp wait_2

st.b rl3, 0[r11]
jarl bf_ chk, r29
movea 0x38, r0, rl3
st.b rl3, 0[rll]
jarl bf_chk, r29
mov 0x01, rl3
st.b rl3, 0[r11]
jarl bf_ chk, r29
mov 0x06, rl3
st.b rl3, 0[rll]
jarl bf_chk, r29
mov 0x0C, rl3
st.b rl3, 0[r11]
## Watch timer mode control register settings
movea 0x83, r0, rll
st.b rll, WIM[r0]
movea 0x06, r0, rll

## Sets watch interrupt level higher than
## the timer O interrupt level

st.b rll, WTIC[rO]

set_sub_clock:
## Since the PCC register is a special register, it is modified via a special sequence.

movea 0x04, r0, rl3

stsr 5, rll

mov rll, rl2

or 0x80, rll

ldsr rll, 5

st.b ro0, PRCMD [r0]

## Select subsystem clock as CPU’s clock

st.b rl3, PCC[x0]
ldsr rlz, 5
nop
nop
nop
nop
nop
fv_loop:
br fv_loop
## LCD busy check routine
bf chk:
movhi hil(lcd_addr), r0, xr27
movea lo(lcd_addr), r27, r27
movea 0x80, r0, r26
bf chkoO:
1d.b 0[r27]1, r28
andi 0x80, r28, 128
cmp r26, r28
bz bf chko
jmp [r29]
_int_wt:

Function setting; 8 bits, 1 line 5*7
Timer 0 counter = 0
r13 := 0x29 = 41

r14 := timer O counter

Checks whether or not timer 0 counter has reached 41
Waits at least 4.1 ms

Function setting; 8 bits, 1 line 5*7

Timer O counter =0

r13 := 0x2

r14 := timer 0 counter

Checks whether or not timer 0 counter has reached 2
Waits at least 100 us

Function setting; 8 bits, 1 line 5*7

LCD busy check

Function setting; 8 bits, 2 lines 5*7
LCD busy check

Clears display, moves cursor to home position
LCD busy check

Increments cursor, no display shift
LCD busy check

Sets display ON and sets cursor OFF

Starts watch timer and enables operation
Selects subclock as count clock
r10 := 0x06

-- Enables watch timer interrupts (level 6)

Loads program status word

r12 =r11

PSW’s NP bit = 1

Writes PSW in which NP bit = 1
Writes to PRCMD

Sets to processor clock control register

Returns PSW to previous setting
Dummy instructions (5 instructions)

Endless loop

r27 := LCD address

r26 := 0x80
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mov rl, r6

wt_chk:
movhi hil(flg wt), r0, r21
movea lo(flg wt), r21, r21
notl 0, 0[r21]
tstl 0, 0[r21]
bnz wt_exit

wt_data_set:
movhi hil(wt_num), r0, r21l
movea lo(wt_num), r2l, r2l
1d.w 0[r21], r22
addi 1, r22, r22
st.w r22, 0[r21]
## Converts r22 to watch format and stores it in memory
movhi hil(tm _buf), ro0, r21
movea lo(tm_buf), r21, r21
mov r22, r7
movea 60*60*10, rO, r6
andi oxffff, r6, 16
jarl _div, 1p
add 0x30, r6
st.b r6, 0[r21]
mov r22, r23
movea 60*60, r0, r6
divh r6, r23
mov r23, r24
mov rlo0, r7
divh r7, r24
mulh 10, r24
sub r24, r23
add 0x30, r23
st.b r23, 1[r21]
mov r22, r23
divh r6, r23
mulh 60*60, r23
mov r22, r24
sub r23, r24
movea 60, r0, r6
divh r6, r24
mov r24, r23
divh r7, r23
add 0x30, r23
st.b r23, 3[r21]
mov r24, r23
divh r7, r24
mulh 10, r24
sub r24, r23
add 0x30, r23
st.b r23, 4 [r21]
mov r22, r23
divh r6, r23
mulh 60, r23
mov r22, r24
sub r23, r24
mov r24, r23
divh r7, r23
add 0x30, r23
st.b r23, 6[r21]
mov r24, r23
divh r7, r24
mulh 10, r24
sub r24, r23
add 0x30, r23
st.b r23, 7[r21]
movhi hil(disp flg), r0, r21
movea lo(disp flg), r21, r2l
setl 0, 0[r21]

wt_exit:

-- Saves i

r21 := 1-second display flag
Inverts flg_wt

Just skips if flg_wt value is “1”
r21 := watch data

Loads wt_num to register
Increments wt_num

Stores wt_num to memory

r21 := watch display data

r7 =r22

6 = 60*60*10
6 = r7/(60*60*10)

ré = 0x30 + r6
x*10 hours

r23 = r22

ré = 60*60

r23 = r23/(60*60)
r24 = r23

r7 =r10

r24 = r24/10

r24 = r24*10

r23 =r23 — r24
r23 = 0x30 + r23
x hours

r23 = r22

r23 = r23/(60*60)
r23 = r23*(60*60)

r24 = r22

r24 = r24 — r23
r6 = 60

r24 = r24/60
r23 = r24

r23 = r23/10

r23 = 0x30 + r23
x*10 minutes

r23 =r24

r24 = r24/10
r24 =r24*10
r23 =r23 — r24
r23 = 0x30 + r23
X minutes

r23 = r22

r23 = r23/60
r23 = r23*60
r24 = r22

r24 = r24 — r23
r23 =r24

r23 =r23/10

r23 = 0x30 + r23
x*10 seconds

r23 =r24

r24 = r24/10

r24 = r24*10

r23 =r23 — r24
r23 = 0x30 + r23
x seconds

r21 := watch LCD display status flag

disp_flg ON
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mov
reti

_int tm0O:

mov

tm countup:

movhi
movea
ld.w
addi
st.w

tm chk flg:

movhi
movea
tstl
bz

tm disp lcd:

tm_cursol_home:

tm_exit:

movhi
movea
1d.b
movea
cmp
bn

movhi
movea
add
1d.b

movhi
movea
st.b
addi
st.b
br

movhi
movea
movea
st.b
movhi
movea
clrl
movhi
movea
st.b
br

mov
reti

r6, rl

rl, r6

hil(tm0_num), r0, rlé
lo(tm0_num), rlé6, rle

0[rle], rl7
1, rl7, rl7
rl7, 0[rile]

hil(disp_flg), r0, rlé6
lo(disp flg), rle, rileé6
0, 0[ri6]
tm_exit

hil(col ctr), r0, rile6
lo(col_ctr), rl6, rle

0[rie], rl7
0x07, r0, rl8
rl7, rl8

tm_cursol home

hil(tm _buf), r0, rl8
lo(tm _buf), rl8, rils
rl7, rl8
0[r18], r20

hil(led_addr), r0, rl9
lo(lcd_addr), rl9, rl9

r20, 2[r19]
1, rl7, rl7
rl7, 0[r16]
tm_exit

hil(lcd_addr), r0, rl9
lo(lcd addr), rl9, rl9
0x02, r0, r20
r20, 0[r19]
hil(disp_flg), r0, rlé6
lo(disp flg), rle, rileé6
0, 0[r1e6]
hil(col ctr), r0, rile6
lo(col_ctr), rl6, rle

r0, 0[rie]
tm_exit
r6, rl

-- Recovery of r1

r1 save

r16 := timer O counter
Loads tmO_num to register
Increments tm0_num
Stores tm0_num to memory

r16 := watch LCD display status flag

Checks disp_flg
Jumps if dsp_flg =0

r16 := No. of display columns in watch display data
Loads col_ctr to register

r8:=7

Jumps

if col_ctr = 7 or more

r17 := display watch data

r20 := display character

r19 := LCD address

Increments col_ctr
Stores col_ctr to memory
Goes to termination processing

r19 := LCD address
LCD home position
r16 := watch LCD display status flag

disp_flg OFF
r16 := No. of display columns in watch display data

col_ctr=0
Goes to termination processing

Recovery of r1
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(3) C program

#pragma ioreg /* Enables use of peripheral I/O register */

/* _________________________________________________________

*  Global variable

g

*/

int flg wt ; /* 1-second display flag */

int wt_num ; /* Time data */

char tm buf[100] ; /* Formatted time data */

int disp flg = 1 ; /* Display flag */

int tm0_num ; /* Timer O counter */

int col ctr ; /* Display column position */

char *lcd addr ; /* LCD address */

/* _________________________________________________________

*  LCD busy check routine

K o e e e e e e e

*/

void bf chk(void)

{
while ( ((*lcd addr) & 0x80) == 0x80 ) {
}

1

/* _________________________________________________________

*  MAIN processing

e

*/

void main(void)

{
/* Initialize global variable */
flg wt = 0 ; /* 1-second display flag */
wt num = 0 ; /* Time data */
disp flg = 0 ; /* Display flag */
tm0_num = 0 ; /* Timer O counter */
col ctr = 0; /* Display column position */
lcd _addr = (char *)0x140000; /* LCD address */
/* Prescaler mode register settings */
PRMO = 0x01 ; /* fxx/16 (fxx = 16 MHz) := specify 1 MHz for count clock */
TOCO = 0 ; /* Sets timer output control register */
CRO0 = 100 ; /* Sets interrupt interval to 0.1 ms */
/* Sets capture/compare control register */
CRCO = 0 ; /* Operates CROO as compare register */
/* Sets timer mode control register */
TMCO = 0xOc ; /* Clears and starts when TMO and CR0O0O match */
/* Timer interrupt enable (level 7) */
TMICO00 = 0x07 ; /* Timer interrupt enable (level 7) */
__EI(); /* Enables interrupts */
*1lcd addr = 0x30 ; /* Function setting, 8 bits, 1 line, 57 */
for ( tm0_num = 0 ; tm0_num < 41 ; ) { /* Waits at least 4.1 ms */
1
*lcd_addr = 0x30 ; /* Function setting, 8 bits, 1 line, 57 */
for ( tm0 num = 0 ; tm0 num < 2 ; ) { /* Waits at least 100 us */
}
*1lcd addr = 0x30 ; /* Function setting, 8 bits, 1 line, 57 */
bf chk() ;
*1cd addr = 0x38 ; /* Function setting, 8 bits, 2 lines, 57 */
bf chk() ;
*lcd addr = 0x01 ; /* Clears display and moves cursor to home position */
bf chk() ;
*1lcd addr = 0x06 ; /* Increments cursor, no display shift */
bf chk() ;
*1lcd addr = 0x0C ; /* Sets display ON and cursor OFF =/

/* Watch timer mode control register settings */
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WTM = 0x83 ; /* Starts watch timer and enables operation */
/* Selects subclock as count clock */
/* Sets watch interrupt level higher than the timer 0 interrupt level */

WTIC = 0x06 ; /* Enables watch timer interrupts (level 6) */

/* Since the PCC register is a special register, it is modified via a special sequence.*/

__asm("movea 0x44, r0, rl3");

__asm("stsr 5, rll"); /* Loads program status word */

__asm("mov rll, rl2") ; /* r12=r11 */

_asm("or 0x80, ril"); /* PSWsNPbit=1 */

__asm("ldsr rll, 5" ; /* Writes PSW in which NP bit=1 */

__asm("st.b r0, PRCMDI[r0]"); /* Writes to PRCMD */

/* Select subsystem clock as CPU’s clock */

__asm("st.b rl3, PCC[r0]l"); /* Sets to processor clock control register */
asm("ldsr rl2, 5"); /* Returns PSW to previous setting */
asm("nop") ; /* Dummy instructions (5 instructions) */
asm("nop") ;
asm("nop") ;
asm("nop") ;

asm("nop") ;

*/
#pragma interrupt INTWT _int wt
void _int wt (void)

{
if ( flg wt == ) { /* Second watch interrupt? */
flg wt = 1 ; /* Sets 1-second display flag to ON */
telse{
flg wt = 0 ; /* Sets 1-second display flag to OFF */
wt_num++ ; /* Increments time data */
/* Formats time data */
tm _buf [0] = 0x30 + (char) (wt_num/(60*60%*10)) ;
tm buf [1] = 0x30 + (char) ((wt_num/(60%*60))%10) ;
tm buf[2] = ':' ;
tm buf [3] = 0x30 + (char) (((wt_num%(60%*60))/60)/10) ;
tm buf[4] = 0x30 + (char) (((wt_num% (60%60))/60)%10) ;
tm buf [5] = ':' ;
tm buf[6] = 0x30 + (char) ((wt_num%60)/10) ;
tm_buf [7] = 0x30 + (char) ((wt_num%60)%10) ;
disp flg = 1 ; /* Sets display flag to ON */
}
}
/* _________________________________________________________

*/
#pragma interrupt INTTMOO _int_ tm00
void _int tm00 (void)

{
tm0_num++ ; /* Increments count on timer O counter */
if ( disp flg == 1 ) { /* Display flag ON? =/
if ( col ctr != 8 ) { /* |s display column position 8 or less? */
*( led addr + 2 ) = tm buflcol ctr] ; /+* Displays 1 character of time data */
col ctr++ ; /* Increments display column position */
telse(
*lcd _addr = 0x02 ; /* LCD home position */
disp flg = 0 ; /* Sets display flag to OFF */
col ctr = 0 ; /* Returns display column positionto 0 */
}
}
}

136 Application Note U13851EJ2VOAN



CHAPTER 4 APPLICATION EXAMPLES

4.4.9 Use of NMI switch for recovery of watch operation during IDLE mode

A watch is displayed during normal mode.

When the INT switch is pressed, the mode is switched to IDLE mode. If there is a subclock, the watch timer
continues operating in IDLE mode since fxx has been specified as its count clock. During IDLE mode, an INTWT
causes a return to normal mode, but in this case only the on-chip counter is updated, so the system is switched to
IDLE mode without changing the display. When an NMI resets normal mode, the internal flag is cleared and the
watch is displayed.

(1) Flow chart (1/2)

C Stlart )

Set timer 0

Enables interrupts

Initialize LCD Uses timer 0

Watch timer mode control register settings

Interrupt control register (WTIC) settings

Processor clock control register settings

Starts watch timer and enables operation,
selects subclock as count clock

Selects subclock as CPU clock,
stops main clock

.
-

IDLE mode shift flag = ON?

Set IDLE mode shift flag to OFF

Set IDLE mode shift flag to ON

Power save control register settings Sets IDLE mode
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(1) Flow chart (2/2)

INTWT

Increment on-chip counter

IDLE mode shift flag = OFF?

No

format and output to LED

Change on-chip counter to watch

<l
=

Set IDLE mode

shift flag to ON

C

reti

)

INTTMOO

NMI

(

)

Increment on-chip counter Set IDLE mode shift flag to OFF

- ( ' )

reti
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(2) Assembly language program

-- Watch display data (xx:xx:xx)
-- LCD address

-- NMIl interrupt handler

-- Go to interrupt processing
-- INTP interrupt handler

-- Go to interrupt processing
-- INTWT interrupt handler
-- Go to interrupt processing
-- INTMOO interrupt handler
-- Go to interrupt processing

-- Sets r26 (1-second display flag) to OFF
-- Initializes time data
-- Sets IDLE mode display flag to OFF

--r1:=1
-- Prescaler mode register 0 settings

-- Timer output control register 0 settings
-- r11:=0x64

-- Capture/compare control register 0 settings

-- Timer mode control register 0 settings

-- Enables timer interrupts
-- 125 := used as timer counter

-- LCD address

- - Function setting; 8 bits, 1 line 5*7

-- Waits at least 4.1 ms

-- Function setting; 8 bits, 1 line 5*7

-- Waits at least 100 us

-- LCD busy check
- - Function setting; 8 bits, 1 line 5*7

-- LCD busy check
-- Function setting; 8 bits, 2 lines 5*7

.globl start

.globl _int nmi

.globl _int po0

.globl _int_wt

.globl _int tm0O

.set tm_buf, 0x120000

.set lcd _addr, 0x140000

## Set interrupt handler

.section "NMI"
jr _int nmi

.section "INTPO"
jr _int _po0

.section "INTWT"
jr _int_wt

.section "INTTMOO"
jr _int_tm0O

.text
.align 4

start:
mov r0, r26
mov xr0, r27
mov r0, r28

init_lcd:
mov 0x01, rll
-- fxx/16 (fxx = 16 MHz) = Specify 1 MHz for count clock
st.b rll, PRMO [rO0]
st.b ro, TOCO [r0]
movea 0x64, r0, rll
-- Set 0.1 ms as interrupt interval
st.h rll, CROO [r0]
-- Operate CRO0 as compare register
st.b r0, CRCO [r0]
mov 0x0c, rll
-- Clear and start when TM0 and CR0O0 match
st.b rll, TMCO [r0]
mov 0x07, rll
st.b rll, TMICO0O [rO0]
mov r0, r25
el
movea lcd_addr & Oxffff, r0, r20
movhi lcd addr >> 16, r20, r20
movea 0x30, r0, rl0
st.b rlo, 0[r20]

wait_1:
cmp 41, r25
jn wait_ 1
movea 0x30, r0, rl0
st.b rlo0, 0[r20]
mov r0, r25

wait_2:
cmp 2, r25
jn wait_2
movea 0x30, r0, r0, rl0
jarl bf_ chk, r29
st.b rlo, 0[r20]
movea 0x38, r0, rl0
jarl bf chk, r29
st.b rlo0, 0[r20]
mov 0x01, rl0
jarl bf_ chk, r29

-- LCD busy check

Application Note U13851EJ2VOAN

139



CHAPTER 4 APPLICATION EXAMPLES

140

init_wt:

init_picoO:

st.b rlo, 0[r20] -- Clears display and moves cursor to home position
mov 0x06, rl0

jarl bf chk, r29 -- LCD busy check

st.b rlo, 0[r20] -- Increments cursor, no display shift

mov 0x0C, rl0

jarl bf chk, r29 -- LCD busy check

st.b rlo, 0[r20] -- Sets display ON and cursor OFF

movea 0x47, r0, rll

st.b rll, TMICOO [r0] - - Prohibits timer interrupts

## Watch timer mode control register settings

movea 0x83, r0, rl0

st.b rlo, WTM [r0] -- Starts watch timer and enables operation
-- Selects subsystem clock as count clock

mov 0x07, rl0

st.b rlo, WTIC[r0] -- Enables watch timer interrupts

mov 0x07, rl0

st.b rlo, PICO[xO0] -- Enables INT switch interrupts

set_sub_clock:

fv_loop:

bf_chk:

## Since the PSC register is a special register, it is modified via a special sequence.

stsr 5, r2l -- Loads program status word

mov r21, r22 --r22=r21

or 0x80, r21 -- PSW’s NP bit =1

movea 0xco, r0, rl0

ldsr r21, 5

st.b ro, PRCMD [r0] -- Writes to PRCMD

## Stops CLKOUT output

st.b rlo, PSC[r0] -- Power save control register settings
1ldsr r22, 5

nop -- Dummy instructions (2 instructions)
nop

## Since the PCC register is a special register, it is modified via a special sequence.
movea 0x64, r0, rl3

stsr 5, rll -- Loads program status word

mov rll, rl2 --r2=ri1

or 0x80, ril -- PSW’s NP bit =1

ldsr rll, 5 -- Writes PSW in which NP bit = 1
st.b ro, PRCMD [r0] -- Writes to PRCMD

## Stops main clock and subsystem clock

st.b rl3, PCC[r0] -- Sets to processor clock control register
ldsr rl2, 5 -- Returns PSW to previous setting
nop -- Dummy instructions (2 instructions)
nop

cmp ro, r24 -- r24 := Int switch select flag is ON
bz fv_loop

mov ro, r24 -- 124 := INT switch select flag is OFF
mov 1, r28 -- IDLE mode display flag is ON

## The following is the sequence for setting special registers

stsr 5, r2l

mov r2l, r22

or 0x80, r21

mov 0x04, rl0

ldsr r21, 5

st.b ro0, PRCMD [r0] -- Writes to PRCMD

## Enables CLKOUT output and sets IDLE mode

st.b rlo, PSC[r0] -- Power save control register settings
ldsr r22, 5

nop -- Dummy instructions (2 instructions)
nop

br fv_loop -- Endless loop

movhi  hil(led_addr), ro0, r7 -- 17 := LCD address

movea lo(lcd_addr), r7, x7
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bf chko:

_int_wt:

movea 0x80, ro, r8 -- r8:=0x80
1d.b 0[r71, r9

andi 0x80, r9, r9

cmp rs, r9

bz bf_chko

jmp [r29]

-- Watch timer interrupt processing
cmp ro, r26 -- Checks r26 (1-second display flag)
bnz rll 0_no
mov 1, r26 -- Sets r26 (1-second display flag) to OFF
add 1, r27 -- Increments watch data
cmp 1, r28 -- IDLE mode?
bz disp_ skip -- if yes, then jump

## Changes r10 to watch format and displays on LCD
movhi hil(tm_buf), r0, r20

movea lo(tm_buf), r20, r20

movea 0x03a, r0, r21 -- Sets “” character
st.b r21, 2 [r20] -- Second character in time display character string
st.b r21, 5[r20] -- Fifth character in time display character string
mov r27, r7 -- 17 =r27

movea 60*60*10, r0, ré6

andi Oxffff, ré6, r6 -- r6=60%60*10
jarl _ div, 1p -- 16 =r7/(60*60*10)
add 0x30, ré6 -- 6=0x30+r15
st.b r6, 0[r20] -- x*10 hours

mov r27, rl5 -- ri5=r27

movea 60*60, r0, r6 -- 16 =60%*60
divh r6 rls -- r15=r15/(60*60)
mov rl5s, rlé -- r16=r15

mov 10, r7 --r7=10

divh r7, rlé6 -- r16=r16/10
mulh 10, rlé -- r16 =r16*10
sub rlé, rls -- rM5=r15-r16
add 0x30, rls -- r5=0x30 +r15
st.b rls, 1[r20] -- x hours

mov r27, rl5 -- rt5=r27

divh r6, rl5s -- r15 =r15/(60*60)
mulh 60%60, rls -- r15 =r15%(60*60)
mov r27, rlé -- r16=r27

sub rl5, rlé -- ri6=r16-r15
movea 60, r0, r6 -- 6=60

divh ré, rlé -- r16 =r16/60

mov rlé, rls -- r5=r16

divh r7, rls -- r15=r15/10
add 0x30), rls -- r15=0x30+r15
st.b rls, 3[r20] -- x*10 minutes
mov rlé, rls -- r5=r16

divh r7, rlé6 -- r16 =r16/10
mulh 10, rle6 -- r16 =r16*10
sub rlé, rls -- r15=r15-r16
add 0x30), rls -- r15=0x30+r15
st.b rls, 4 [r20] -- X minutes

mov r27, rls -- r5=r27

divh ré, rl5s -- r15=r15/60
mulh 60, rls -- r15=r15"60
mov r27, rlé -- ri6=r27

sub rls, rlé -- r16=r16-r15
mov rlé, rls -- r5=r16

divh r7, rls -- r15=r15/10
add 0x30, rls -- r5=0x30+r15
st.b rls, 6[r20] -- x*10 seconds
mov rlé, rls -- r5=r16

divh r7, rle6 -- r16=r16/10
mulh 10, rlé -- r16 =r16*10
sub rlé, rls -- rM5=r15-r16
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add
st.b
movea
movhi
mov
jarl
st.b
1d.b
jarl
st.b
1d.b
jarl
st.b
1d.b
jarl
st.b
1d.b
jarl
st.b
1d.b
jarl
st.b
1d.b
jarl
st.b
1d.b
jarl
st.b
1d.b
jarl
st.b
br
rll 0_no:
mov
disp_skip:
cmp
bnz
mov
int_wt_exit:
reti

### Press INT switch to set IDLE mode

_int_po0:
mov
reti

_int _nmi:
mov
reti

_int_tm0O:
add
reti

0x30,
rl5s,

lcd addr & Oxffff,

rl5
7 [r20]

lcd_addr >> 16, r21,

0x02,
bf_ chk,
rl5,
0[r20],
bf chk,
rl5s,
1[r20],
bf_ chk,
rl5,
2[r20],
bf chk,
rl5s,
3[r20],
bf_ chk,
rl5,
4[r20],
bf chk,
rl5,
5[r20],
bf_ chk,
rl5,

6 [r20],
bf chk,
rl5,
7[r20],
bf_ chk,
rl5,
disp_skip

r0,
1,

int wt_exit
1,

1,

rl5
r29
0[r21]
rl5
r29
2 [r21]
rl5
r29
2 [r21]
rl5
r29
2 [r21]
rl5
r29
2 [r21]
rl5
r29
2 [r21]
rl5
r29
2 [r21]
rl5
r29
2 [r21]
rl5
r29
2 [r21]

r26

r28

r24

r24

r28

r25

r0,

r15 = 0x30 + r15
X seconds

r21 := LCD address

LCD busy check

LCD home position

Loads 1 character of time data

LCD busy check

Displays one character of time data via LCD
Loads 1 character of time data

LCD busy check

Displays one character of time data via LCD
Loads 1 character of time data

LCD busy check

Displays one character of time data via LCD
Loads 1 character of time data

LCD busy check

Displays one character of time data via LCD
Loads 1 character of time data

LCD busy check

Displays one character of time data via LCD
Loads 1 character of time data

LCD busy check

Displays one character of time data via LCD
Loads 1 character of time data

LCD busy check

Displays one character of time data via LCD
Loads 1 character of time data

LCD busy check

Displays one character of time data via LCD

Sets r26 (1-second display flag) to ON
IDLE mode?
if no, then jump

r24 := INT switch select flag is ON

Recovers from interrupt processing

Interrupt processing triggered by INT switch
r24 := INT switch select flag is ON

NMI interrupt processing
IDLE mode display flag is ON

Timer O interrupt processing
Increments r25
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(3) C program

#pragma ioreg /* Enables use of peripheral I/O register name */
/* _________________________________________________________
*  Global variable
K o e e e e e e e
*/
int flg wt ; /* 1-second display flag */
int wt_num ; /* Time data */
char tm buf[8] ; /* Formatted time data */
int tm0_num ; /* Timer O counter */
int intsw flg ; /* IDLE mode shift flag */
int idle mode ; /* IDLE mode status flag */
char *lcd addr ; /* LCD address */
/* _________________________________________________________
*  LCD busy check routine
g
*/
void bf chk(void)
{
while ( ((*lcd addr) & 0x80) == 0x80 ){
}
}
/* _________________________________________________________
*  MAIN processing
K o o e e e e e e e e e
*/
void main(void)
{
/* Initialize global variable */
flg wt = 0 ; /* 1-second display flag */
wt_num = 0 ; /* Time data */
tm0_num = 0 ; /* Timer O counter */
intsw flg = 0 ; /* IDLE mode shift flag */
idle mode = 0 ; /* IDLE mode status flag */
lcd _addr = (char *)0x140000; /* LCD address */
/* Prescaler mode register settings */
PRMO = 0x01 ; /* fxx/16 (fxx = 16 MHz) := specify 1 MHz for count clock */
TOCO = 0 ; /* Timer output control register 0 settings */
CRO0 = 100 ; /* Sets interrupt interval to 0.1 ms */
/* Capture/compare control register settings */
CRCO = 0 ; /* Operates CR0O as compare register */
/* Timer mode control register settings */
TMCO = 0x0c ; /* Clears and starts when TMO and CRO0 match =/
/* Timer interrupt enable (level 7)*/
TMICO00 = 0x07 ; /* Timer interrupt enable (level 7) */
PICO = 0x07 ; /* Enables INT switch interrupts */
__EI(); /* Enables interrupts */
*lcd_addr = 0x30 ; /* Function setting, 8 bits, 1 line, 57 */
for ( tm0 num = 0 ; tm0 num < 41 ; ) /* Waits at least 4.1 ms */
}
*1lcd addr = 0x30 ; /* Function setting, 8 bits, 1 line, 57 */
for ( tm0_num = 0 ; tm0 num < 2 ; ) { /* Waits at least 100 us =/
}
*lcd_addr = 0x30 ; /* Function setting, 8 bits, 1 line, 57 */
bf_chk () ;
*lcd_addr = 0x38 ; /* Function setting, 8 bits, 2 lines, 57 */
bf_chk () ;
*lcd addr = 0x01 ; /* Clears display and moves cursor to home position */
bf_chk () ;
*lcd addr = 0x06 ; /* Increments cursor, no display shift */
bf_chk () ;
*1lcd addr = 0x0C ; /* Sets display ON and cursor OFF =/
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/* Watch timer mode control register settings */

WTM = 0x83 ;

/*
/*

Starts watch timer and enables operation */
Selects subclock as count clock */

/* Sets watch interrupt level higher than the timer 0 interrupt level */

WTIC = 0x06 ;

/*

Enables watch timer interrupts (level 6) */

/* Since the PSC register is a special register, it is modified via a special sequence. */

__asm("stsr 5,
__asm("mov rll,
__asm("or 0x80,
__asm("movea 0xCO0,
__asm("ldsr r21,
__asm("st.b ro,

/* Disables CLKOUT output */
__asm("st.b rlo,
__asm("ldsr r22,

__asm("nop") ;
_asm("nop") ;

r21");
r22") ;
r21") ;

r0, rlo");
5");

PRCMD [xO] ") ;

PSC[r0]l");
5) ;

/*
/*

/*
/*
/*

Sets PSW’s NP bit to ON and writes */
Writes to PRCMD  */

Sets CLKOUT output disabled =/
Returns PSW to previous setting */
Dummy instructions (2 instructions) */

7* Since the PCC register is a special register, it is modified via a special sequence. */

r0, rl3");
rll");
ria");

rll")

5");

PRCMD [r0] ") ;

/*
/*
/*
/*
/*

Load program status word
rM2=r11 */

PSW’s NP bit=1 */

Writes PSW in which NP bit=1 */
Writes to PRMCMD  */

/* Select subsystem clock as CPU’s clock and stop main clock */

__asm("movea 0x64,
__asm("stsr 5,
__asm("mov rll,
__asm("or 0x80,
__asm("ldsr rll,
__asm("st.b ro,
__asm("st.b rl3,
__asm("ldsr rlz,

__asm("nop") ;
___asm("nop") ;
/* Endless loop */
for ( ; ;) |
if ( intsw _flg == 1 ) {
intsw_flg = 0 ;
idle_mode = 1 ;

PCC[r0]l");
5) ;

/*
/*
/*

/*
/*
/*

Sets to processor clock control register */
Returns PSW to previous setting * /
Dummy instructions (2 instructions) */

IDLE mode shift flag = ON? =/
SETS IDLE mode shift flag to OFF */
SETS IDLE mode shift flag to ON */

/* Since the PSC register is a special register, it is modified via a special sequence. */

__asm("stsr 5,

__asm("mov r21,

__asm("or 0x80,

__asm("mov 0x04,
(

__asm("ldsr r21,
_asm("st.b ro,

r21") ;
r22")
r21") ;
rlo")
5") ;
PRCMD [rO] ")

7

/* Power save control register settings */

__asm("st.b rio,
__asm("ldsr r22,
__asm("nop") ;
__asm("nop") ;

*/
#pragma interrupt INTWT _int wt
void _int wt (void)

{
if ( flg wt == 0 ){
flg wt = 1 ;
telse{
flg wt = 0 ;
wt_num++ ;
if ( idle mode == 0 ) {
/* Formats time data */
tm_buf [0]

PSC[r0ol™")
5m)

7

/*
/*

/*
/*

/*
/*

Writes PSW in which NP bit =1 */
Writes to PRCMD  */

Enables CLKOUT output and sets IDLE mode */
Returns PSW to previous setting */
Dummy instructions (2 instructions) */

Second watch timer interrupt? */
Sets 1-second display flag to ON */

Sets 1-second display flag to OFF =/
Increments time data */

0x30 + (char) (wt_num/(60*60*10)) ;

tm_buf[1] = 0x30 + (char) ((wt_num/(60*60))%10) ;

tm_buf[2] = '":' ;
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tm buf[3] = 0x30 + (char) (((wt_num%(60%60))/60)/10) ;
tm_buf [4] = 0x30 + (char) (((wt_num%(60*60))/60)%10) ;
tm_buf[5] = ':' ;
tm_buf[6] = 0x30 + (char) ((wt_num%60)/10) ;
tm buf[7] = 0x30 + (char) ((wt_num%60)%10) ;
/* Outputs to LCD */
bf chk() ; /* LCD busy check */
*( led addr + 2 ) = tm buf[0] ; /* Displays one character of time data
bf chk() ; /* LCD busy check */
*( led addr + 2 ) = tm buf[l] ; /* Displays one character of time data
bf chk() ; /* LCD busy check */
*( led addr + 2 ) = tm buf[2] ; /* Displays one character of time data
bf chk() ; /* LCD busy check */
*( led addr + 2 ) = tm buf[3] ; /* Displays one character of time data
bf chk() ; /* LCD busy check */
*( led addr + 2 ) = tm buf[4] ; /* Displays one character of time data
bf chk() ; /* LCD busy check */
*( led addr + 2 ) = tm buf[5] ; /* Displays one character of time data
bf chk() ; /* LCD busy check */
*( led addr + 2 ) = tm bufl[é6] ; /* Displays one character of time data
bf chk() ; /* LCD busy check */
*( led addr + 2 ) = tm buf[7] ; /* Displays one character of time data
bf chk() ; /* LCD busy check */
*lcd addr = 0x02 ; /* LCD home position */

telse{

/* Sets flag to ON to enable shift back to IDLE mode during MAIN processing */
intsw_flg = 1 ;

*/
#pragma interrupt INTTMOO _int tm00
void _int tm00 (void)

tm0_num++ ; /* Increments timer 0 count clock */

*/
#pragma interrupt INTPO _int pO
void _int po0(void)

{
intsw flg = 1 ; /* IDLE mode shift flag=ON =*/
idle mode = 1 ; /* IDLE mode status flag=ON */
}
/* _________________________________________________________

*/
#pragma interrupt NMI _int nmi
void _int nmi (void)

{

idle mode = 0 ; /* IDLE mode status flag = OFF =/

}
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4.4.10 Loop detection program using watchdog timer

When the INT switch is pressed, the watchdog timer mode register's RUN bit is not set and loop processing
occurs. At that time, the watchdog timer operates and issues an INTWDT. The LED blinks to indicate this
processing.

(1) Flow chart

( oo )

Interrupt control register (PIC) settings | Enables INT switch interrupts

Watchdog timer clock select register settings | Sets 2%%/fxx to watchdog timer time

Watchdog timer mode register settings| Sets WDT mode

Enable interrupts

[
-

INT switch select flag = OFF?

Clear watchdog timer count before
starting count

( INTWDT ) ( INTPO )

INT switch select flag = ON
Start LED blink processing |

( )
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(2) Assembly language program

.globl

start

## Set interrupt handler
.section "INTPO"

jr _int poO

.section "INTWDT"
jr _int wdt

.text
.align 4

start:
mov 0x07, rl0
st.b rlo, PICO [rO0]
mov 0x07, rl0
## Set 2%/fxx to watchdog timer time
st.b rlo, WDCS [r0]
movea 0x10, r0, rlo0
## Sets watchdog timer mode 1
st.b rlo, WDTM [rO0]
mov r0, r20
ei

LABEL1:
nop
nop
nop
nop
nop
-- If r20 = 0 (if INT switch has not been pressed)
cmp r0, r20
bnz LABEL1
setl 7, WDTM [rO0]
br LABEL1

## Jump to here when watchdog timer detects runaway

led_start:
mov r0, rlé
led on_ off:
jarl wait, r29
cmp r0, rlé
bz led on
br led off
led on:
movea 0x10, r0, rl7
st.b rl7, P3[r0]
mov 1, rleé
br led on off
led off:
mov r0, rl7
st.b rl7, P3[r0]
mov r0, rlé
br led on_off
wait:
orl 1000000 & Oxffff, r0, rils5
movhi 1000000 >> 16, rl5, rl5
wait 1:
add -1, rl5
bnz wait 1
jmp [r29]
_int_po0:
mov rl, r6
mov 1, r20

INTPO interrupt handler

Go to interrupt processing
INTWDT interrupt handler
Go to interrupt processing

INT switch interrupt enable

Watchdog timer clock select register settings

Watchdog timer mode register settings
Sets r20 (INTSW select flag) to OFF
Enables interrupts

Do not jump

Clears watchdog timer count before starting count

LED blink processing
r16 := ON or OFF flag

Go to LED ON processing when r16 = 0
Go to LED OFF processing when r16 = 1

LED ON
Go to LED OFF processing when r16 = 1

LED OFF

Go to LED ON processing when r16 = 0

Software wait processing

Executes 1,000,000 loops

Saves r1
Sets r20 to ON
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mov ré6, rl -- Recovery of r1
reti

_int wdt: -- Watchdog timer interrupt processing
jr led start -- Go to LED blink processing
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4.4.11 Multiple interrupts

Timer O interrupts are also processed as part of watch timer interrupt processing. An watch timer interrupt causes
the on-chip watch counter to be incremented and a timer O interrupt results in a display of clock data and activation of
the increment LED.

(1) Flow chart

( oo )

Timer 0 settings 100-us timer interrupt occurs

Enable interrupts

Initialize LCD

Watch timer mode control register settings

Interrupt control register (WTIC) settings

( Endless loop )
( INTWT ) C INTTMOO )

Save to EIPC and EIPSW stacks

Enable interrupts

Increment on-chip counter

Change on-chip counter to watch
format and output to buffer

Display flag = ON
| Display flag = OFF

Starts watch timer, enables operation, and
selects subclock as count clock

Display flag = ON?

Display 1 character on LCD

8-character display?

Prohibit interrupts >

Recover from EIPC and EIPSW stacks

Activate LED increment

X - 3 ( )

Application Note U13851EJ2VOAN 149



CHAPTER 4 APPLICATION EXAMPLES

(2) Assembly language program

Register for timer O interrupt processing
Register for watch timer interrupt processing

-- Watch display data (xx:xx:xx) (8 bytes)

-- No. of columns in watch display data (1 byte)
-- 1-second display flag (1 byte)

-- Watch data (4 bytes)

-- Watch LCD display status flag (displays “1”)
-- Timer O counter (4 bytes)

-- LED display interval (4 bytes)

-- End address of work variable area

-- LCD address

-- Stack address

-- INTWT interrupt handler

-- Go to interrupt processing

-- INTTMOO interrupt handler

-- Go to interrupt processing

-- r11 := start address of working memory

-- r12 := end address of working variable area

-- Sets 0 for working variable
-- Increments address to zero-clear

-- Loop if not end address of address to zero-clear

-- r11 = start address of working memory
-- For time data:
-- 7 =Set Ox3A
-- 7 =Set 0x3A

-- Set stack address

-- rt1:=1
- - Prescaler mode register 0 settings

-- Timer output control register 0 settings
-- r11:=100 = 0x64

-- Capture/compare control register 0 settings

-- Timer mode control register 0 settings

-- Enables timer interrupts (level 6)

# <Registers used>

# 3 : Stack address

# ré6 : Register for saving r1 value

# rll,rl2,r13,rl4,rl15: Register for main processing

# rle,rl7,r18,r19,r20:

# r21l,r22,r23,r24,r25:

# r26,r27,r28,r29 : bf_chk routine work register

.globl start

.set tm_buf, 0x120000

.set col_ctr, 0x120008

.set flg wt, 0x120009

.set wt_num, 0x120010

.set disp_ flg, 0x120014

.set tm0_num, 0x120018

.set led ivl, 0x12001c

.set mem_last, 0x120020

.set lcd _addr, 0x140000

.set stk_addr, oxffefff

## Set interrupt handler

.section "INTWT"
jr _int wt

.section "INTTMOO"
jr _int tmo0O

.text
.align 4

start:
mem_init:
movhi hil(tm_buf), r0, rll
movea lo(tm_buf), rll, riil
movhi hil(mem_last), r0, rl2
movea lo(mem last), rl2, rl2

mem_init lp:
st.b ro, 0[r11]
addi 1, rll, rll
cmp rll, rl2
bnz mem_init lp

ins_3a:
movhi hil(tm_buf), r0, rll
movea lo(tm_buf), rll, riil
movea 0x3a, ro0, rl3
st.b rl3, 2[r11]
st.b rl3, 5[rl1]

set_stack_adr:
movhi hil(stk_addr), r0, r3
movea lo(stk_addr), r3, 3

init_tmo0:
movea 0x01, o0, rll
-- fxx/16 (fxx = 16 MHz) = Specify 1 MHz for count clock
st.b rll, PRMO [r0]
st.b r0, TOCO [r0]
movea 0x64, roO0, rll
-- Set 0.1 ms as interrupt interval
st.h rll, CROO [rO0]
-- Operate CRO0 as compare register
st.b ro, CRCO [r0]
mov 0x0c, rll
-- Clear and start when TM0 and CR00O match
st.b rll, TMCO [r0]
mov 0x06, rll
st.b ril, TMICOO [r0]
el

init_lcd:
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wait 1:

wait_2:

init wt:

fv_loop:

bf_chk:

bf_chko:

_int_wt:

wt_chk:

movhi
movea
movhi
movea
movea
st.b

st.w

movea

ld.w
cmp
bp
st.b
st.w
mov

ld.w
cmp
bp
st.b
jarl
movea
st.b
jarl
mov
st.b
jarl
mov
st.b
jarl
mov
st.b

hil(lcd_addr)
lo(lcd_addr),

hil (tm0_num),

lo (tm0_num),
0x30, r0,
rl3s,

r0,

0x29, r0,

0[r12],
rl4,
wait_ 1
rl3s,
r0,
0x2,

0[r12],
rl4,
wait 2
rl3s,

bf chk,
0x38, r0,
rl3s,
bf_ chk,
0x01,
rl3s,

bf chk,
0x06,
rl3s,
bf_ chk,
0x0C,
rl3s,

, r0, rll
rll, rll
r0, rl2
rl2, rl2
rl3
0[r11]
0[r1i2]
rl3

rl4
rl3

0[ri1]
0[r12]
rl3

rl4
rl3

0[r11]
r29
rl3
0[ri1]
r29
rl3
0[r11]
r29
rl3
0[ri1]
r29
rl3
0[r11]

## Watch timer mode control register settings

movea
st.b

mov
st.b

movhi
movea
movea

1d.b
andi
cmp
bz
jmp

0x83, r0,
rll,

0x07,
rll,

fv_loop

hil(lcd_addr)

lo(lcd_addr),
0x80, r0,
0[r27]1,

0x80, r28,
r26,

bf chko

[r29]

rll
WTM [x0]

rll
WTICI[rO0]

, r0, r27
r27, r27
r26

r28
r28
r28

## Save to EIPC and EIPSW stacks

add
st.w
stsr
st.w
stsr
st.w
el

movhi
movea
notl
tstl

-12, r3

rl, 8 [r3]
0, r2l
r21, 4 [r3]
1, r2l
r21, 0[r3]
hil(flg wt), r0, r21
lo(flg wt), r2l, r21
0, 0[r21]
0, 0[r21]

Application Note U13851EJ2VOAN

r11 := LCD address
r12 := timer O count address

r13 := 0x30

Function setting; 8 bits, 1 line 5*7
Timer O counter = 0

r13 := 0x29 = 41

r14 := timer 0 counter

Checks whether or not timer 0 counter has reached 41
Waits at least 4.1 ms

Function setting; 8 bits, 1 line 5*7

Timer 0 counter =0

r13 := 0x2

r14 :=timer O counter

Checks whether or not timer 0 counter has reached 2
Waits at least 100 us

Function setting; 8 bits, 1 line 5*7

LCD busy check

Function setting; 8 bits, 2 lines 5*7
LCD busy check

Clears display, moves cursor to home position
LCD busy check

Increments cursor, no display shift
LCD busy check

Sets display ON and sets cursor OFF

Starts watch timer and enables operation
Selects subsystem clock as count clock
r10 := 0x07

Enables watch timer interrupts (level 7)

r27 := LCD address

r26 := 0x80

Saves r1
Saves to EIPC

SAVES to EIPSW
Enables multiple interrupts

r21 := 1-second display flag

Inverts flg_wt
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bnz
# mov
movhi
# mov
# mov
1pl:
add
bnz

wt_data_set:
movhi
movea
ld.w
addi
st.w

wt_exit

0x800000, r2l
0x200000 >> 16, r0, r21
0x100000, r2l
0x80000, r2l

-1, r2l

1pl

hil(wt_num), r0, r21l
lo(wt_num), r2l, r2l

0[r21], r22
1, r22, r22
r22, 0[r21]

-- Just skips if flg_wt = 1

-- r21 := watch data

-- Loads wt_num to register
-- Increments wt_num
-- Stores wt_num to memory

## Converts r22 to watch format and stores it in memory

movhi
movea
mov
movea
andi
jarl
add
st.b
mov
movea
divh
mov
mov
divh
mulh
sub
add
st.b
mov
divh
mulh
mov
sub
movea
divh
mov
divh
add
st.b
mov
divh
mulh
sub
add
st.b
mov
divh
mulh
mov
sub
mov
divh
add
st.b
mov
divh
mulh
sub
add
st.b
movhi

hil(tm_buf), r0, r21
lo(tm_buf), r21, r21

r22, r7
60*60*10, r0, ré6
oxffff, r6, r6
__div , 1p
0x30, r6
r6, 0[r21]
r22, r23
60*60, r0, ré6
r6, r23
r23, r24
10, r7
r7, r24
10, r24
r24, r23
0x30, r23
r23, 1([r21]
r22, r23
r6, r23
60*60, r23
r22, r24
r23, r24
60, r0, ré6
r6, r24
r24, r23
r7, r23
0x30, r23
r23, 3[r21]
r24, r23
r7, r24
10, r24
r24, r23
0x30, r23
r23, 4 [r21]
r22, r23
r6, r23
60, r23
r22, r24
r23, r24
r24, r23
r7, r23
0x30, r23
r23, 6[r21]
r24, r23
r7, r24
10, r24
r24, r23
0x30, r23
r23, 7 [r21]

hil(disp flg), r0, r21

-- r21 := watch display data

17 =r22

r6 = 60*60*10

r6 = r7/(60*60*10)
r6 = 0x30 + r6
x*10 hours

r23 = r22

r6 = 60*60

r23 = r23/(60*60)
r24 = r23

r7 =r10

r24 = r24/10

r24 = r24*10

r23 =23 — r24
r23 = 0x30 + r23
x hours

r23 = r22

r23 = r23/(60*60)
r23 = r23*(60*60)

r24 = r22

r24 = r24 — r23
r6 = 60

r24 = r24/60
r23 =r24

r23 =r23/10

r23 = 0x30 + r23
x*10 minutes

r23 = r24

r24 = r24/10
r24 = r24*10
23 =r23 - r24
r23 = 0x30 + r23
X minutes

r23 = r22

r23 = r23/60
r23 = r23*60
r24 = r22

r24 = r24 — r23
r23 = r24

r23 = r23/10

r23 = 0x30 + r23
x*10 seconds

r23 = r24

r24 = r24/10

r24 = r24*10

r23 =r23 — r24
r23 = 0x30 + r23
X seconds

r21 := watch LCD display status flag
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movea lo(disp flg), r21, r21
setl 0, 0[r21]
wt_exit:
## Recovers from EIPC and EIPSW stacks
di
1d.w 0[xr3], r2l
ldsr r21, 1
1d.w 4 [r3], r2l
ldsr r21, 0
1d.w 8[r3], rl
add 12, r3
reti
_int_tmo00:
mov rl, r6
tm_countup:
movhi hil(tm0_num), r0, rlé
movea lo(tm0_num), rlé6, rle
1d.w 0[rle], rl7
addi 1, rl7, rl7
st.w rl7, 0[rl6]
tm_chk flg:
movhi hil(disp flg), r0, rle
movea lo(disp flg), rle, rilé6
tstl 0, 0[rle]
bz tm led
tm _disp lcd:
movhi hil(col ctr), r0, rile6
movea lo(col_ctr), rl6, rle
1d.b 0[rile], rl7
mov 0x07, rl8
cmp rl7, rl8
bn tm_cursol home
movhi hil(tm buf), ro0, rl8
movea lo(tm_buf), rl8, rils
add rl7, rl8
1d.b 0[r18], r20
movhi hil(lcd _addr), r0, rl9
movea lo(lcd_addr), rl9, rl9
st.b r20, 2[r19]
addi 1, rl7, rl7
st.b rl7, 0[rle]
br tm_led
tm_cursol_home:
movhi hil(lcd_addr), r0, rl9
movea lo(lcd addr), rl9, rl9
mov 0x02, r20
st.b r20, 0[r19]
movhi hil(disp flg), r0, rle
movea lo(disp flg), rle, rileé6
clrl 0, 0[rie6]
movhi hil(col ctr), r0, rile6
movea lo(col_ctr), rl6, rle
st.b x0, 0[rile]
br tm_led
tm_led:
## Increment and activate LED at 25.6-ms interval
movhi hil(led ivl), r0, rile
movea lo(led_ivl), rlé6, rle
1d.w 0[rile], rl7
addi 0x01, rl7, rl17
st.w rl7, 0[rie]
mov rl7, rleé
movea oxff, r0, rls8
and rls, rl7
bnz tm_exit
led disp:

disp_flg ON

Prohibits interrupts
Recovery of EIPSW

Recovery of EIPC
Recovery of r1

Saves r1

r16 := timer 0 counter
Loads tm0O_num to register
Increments tm0_num
Stores tm0_num to memory

r16 := watch LCD display status flag

Checks disp_flg
Jumps if dsp_flg =0

r16 := No. of display columns in watch display data

Loads col_ctr to register
r18:=7

Jumps if col_ctr = 7 or more

r17 := display watch data

r20 := display character

r19 := LCD address

Increments col_ctr
Stores col_ctr to memory
Goes to LED processing

r19 := LCD address

LCD home position
r16 := watch LCD display status flag

disp_flg OFF
r16 := No. of display columns in watch display data

col_ctr=0
Goes to LED processing

r16 := LED display interval address

r17 := LED display interval
Increments LED display interval
Stores incremented data to memory
r16:=r17

r18 := Oxff

Jumps if lower 8 bits of r17 is not “0”

Application Note U13851EJ2VOAN
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tm_exit:

shr
and
mov
and
shl

st.b

and
shr

st.b

mov
reti

8,
oxff,
rlé6,
0x0f,
4,
rle,
oxfo,
4,
rl7,

r6,

rlé
rlé
rl7
rlé
rlé
P3[r0]
rl7
rl7
P11 [x0]

rl

Calculates 15th bit based on
8th bit of r16

r17 :=r16

Outputs lower 4 bits of
display data to higher 4 bits of
port 3

Outputs higher 4 bits of
display data to lower 4 bits of
port 11

Recovery of r1
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4.5 TB-V850/SA1 Circuit Diagrams

Circuit diagrams of the TB-V850/SA1 are shown below.

M

&)

©)

@

®)

CPU and toggle switches
This circuit mainly includes the V850/SA1, an oscillator, resonator, power backup circuit, serial EEPROM, and
8 toggle switches.

e NM24C02LM: 2 Kb serial EEPROM (I°C bus interface)

Device control circuit
This circuit mainly includes an FMP7128SLC84-10 and a fast page DRAM.

e FMP7128SLC84-10: FPGA (Field Programmable Gate Array)
Various signals related to the CPU’s bus interface are input to this device, which

generates memory control signals. The FPGA data is written via a connector (CN1).

Memory
This circuit mainly includes ROM, SRAM, and LCD connectors.

e 74FCT16245: 16-bit bidirectional buffer
e 74FCT16373: 16-bit transparent latch
e 74FCT244:  8-bit buffer
Caution The LCD (L1652) is connected via the CN2 connector.
1/0 interface
This circuit mainly includes a power supply monitor circuit, a flash programmer interface, RS-232C interface,

and 8 LEDs.

o MAX232: RS-232C driver/receiver
e TL7700: Power supply monitor device

Caution The V850/SA1 dedicated flash programmer is connected to the CN7 connector.

Analog I/0
This circuit mainly includes a speaker interface, variable resistor, and a DC motor interface.

e BLA8-103J: Ladder resistor (R-2R circuit)

Cautions 1. The speaker is connected to the CN5 connector.
2. The DC motor is connected to the CN6 connector.
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Figure 4-4. CPU and Toggle Switches
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Figure 4-5. Device Controller
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Figure 4-6. Memory
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